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void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register 0 */
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO =  0b01100100; /* DMA Mode Control Register 0 */
S~/
/*| | | ++++-———- IFC3-1FCO */
/51111 [Selection of DMA start source] */
/%1111 0000:Disables DMA transfer by interrupt */
/51111 (Only software trigger is enabled.) */
7*1111 0010: INTTMOO */
/#1111 0011:INTTMO1 */
7*1111 0100: INTTMO4 */
7*1111 0101: INTTMO5 */
/111 0110: INTSTO/INTCSI00 */
/*1111 0111: INTSRO/INTCSIO1 */
/1111 1000: INTST1/INTCSI10/INTIIC10 */
/*1111 1001: INTSR1 */
7*1111 1010: INTST3 */
/*1111 1011:INTSR3 */
7*1111 1100: INTAD */
/*| | |+---—------- DWAITO */
/*111 [Pending of DMA transfer] */
/5111 0:Executes DMA transfer upon DMA start request (not held pending).
*/
/5111 1:Holds DMA start request pending if any. */
/*| | +--————-———- DSO */
/11 [Specification of transfer data size for DMA transfer] */
/7*]1 0:8bits */
/*11 1:16bits */
/¥ - DRSO */
VAd| [Selection of DMA transfer direction] */
/*| 0:SFR to internal RAM */
/*| 1:Internal RAM to SFR */
Y i STGO */
/* [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
}
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void fn_AdcDaclnit(void)

ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
*/
/%1111 | [2]0perationcontrol of voltage reference */
41111 | [3]0utput voltage selection of voltage reference */
/51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
*/
/%1111 | [5]Relationship with the conversion mode used */
el 111
/%1111 | : 00 0 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
<1 [3]2.5 V */
/51111 | [4]Stops operation */
/#1111 | [5]Can be set in conversion mode 1 */
i 111
/%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
<1 [5]Can be set in conversion mode 2 or 3 */
el 111
I | - 100 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.5 V */
<1111 | [4]Stops operation */
111 [51 - */
111
I | - 101 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Enables operation */
<111 [3]2.5 V */
41111 [4]Enables operation */
7“1 [5]Can be set in conversion mode 2 or 3 */
111
I | = 110 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
111 [51 - */
el 111
I | = 111 : [1]VREFOUT (voltage reference output) */
/51111 | [2]Enables operation */
111 [3]2.0 V */
/51111 | [4]Enables operation */
1 [5]Can be set in conversion mode 2 or 3 */
el 111
/*|111 | : Other than the above : Setting prohibited */
1110
/% |t —t————- : Be sure to set 0000 */
/*| */
Y e : Reference voltage supply (negative side) of A/D converter selection */
/* 10 AVSS */
/* 1 : AVREFM (external voltage reference input) */
ADVRC.0 = 1; /* Enables operation */
ADVRC.1 = 1; /* Output 2.0 V */
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ADPC =

0b00000000; /* A/D Port Configuration Register */

/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */

/*|1] : o ANI15/AVREFM/P157 */

/*|11 : [ AN110/P152 - ANI18/AMP2+/P150 */
/*|1] : | ||| +-+-+-+-t-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/I1l :00000:AAAAAAAAAAAAY

/*|]] 00001 :AAAAAAAAAAAD™

/I1l :00010:AAAAAAAAAADD™

/*|]] :00011:AAAAAAAAADDD */

/I1l :00100:AAAAAAAADDDD*

/*|]] :00101:AAAAAAADDDDD */

/I1l :00110:AAAAAADDDDDD *

/*|]] :00111:AAAAADDDDDDD */

/II| :01000:AAAADDDDDDDD */

/*|]] :01001:AAADDDDDDDDD */

/I :01010:AADDDDDDDDDD */

/*|]] :01111:ADDDDDDDDDDD */

/II| -:10000:DDDDDDDDDDDD */

11 i

Y e : Be sure to set 000 */

/* wait for setting time to 17msec */
fn_Wait500usBase(17000/500);

/* ___________________________________________ */

/* Initialization of operational amplifier */

/* ___________________________________________ */

PM2.1 = 1; /* input port mode (AMPQO) */

PM2.0 = 1; /* input port mode (AMPO-) */

PM2.2 = 1; /* input port mode (AMPO+) */

PM2.4 = 1; /* input port mode (AMP10) */

PM2.3 = 1; /* input port mode (AMP1-) */

PM2.5 = 1; /* input port mode (AMP1+) */

PM2.7 = 1; /* input port mode (AMP20) */

PM2.6 = 1; /* input port mode (AMP2-) */

PM15.0 = 1; /* input port mode (AMP2+) */

PM11.0 = 1; /* input port mode (ANOO) */

ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
0AC.0 = 1; /* operational amplifier (AMPO) enable */

0AC.1 = 0; /* operational amplifier (AMP1) disable */

0AC.2 = 0; /* operational amplifier (AMP2) disable */

/* ___________________________________________ */

/* Initialization of D/A converter */

/* ___________________________________________ */

DACEN = 1; /* supplies input clock to D/A converter */
DAM.O = 1; /* D/A converter operation is Real-time output mode */
DAM.2 = 1; /* D/A conversion resolution is 12-bit */

DAM.6 = 1; /* D/A converter positive reference voltage is VREFOUT */
DACEO = 0; /* D/A converter CHO disable */

DACSWO = aushDacData[99]; /* D/A conversion value setting reigster 0 */
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void main(void)
unsigned short count; /* counter for initializing D/A convert data */
0----- DACEO = 1; /* D/A converter CHO enable */

/* */
/* __________________________________ */
/* Main Loop */
/* __________________________________ */
/* */

i /* initialize D/Aconverter data */
EI: for(count = 0; count<100; count++){
' ushDacData[count] = aushDacData[count];

}
Pt TSOL.4 = 1; /* start TAUO CH4 */
Y TMIFO4 = 0; /* reset INTTMO4 interrupt request */
| I
0----- DMAMKO = 0; /* enable DMA CHO interrupt */
0----- EIQ; /* enable all interrupts */
/* */
/* if system have nothing to do, go to standby for power-saving */
/* */
' while (1){
0! HALTQ);
! NOPQ);
Lo }
}
/* _____________________________________________________________ */
/* Module: fn_intdma0 */
/* Description: DMA chO interruput process */
/* parameter: -- */
/* return : -- */
/* _____________________________________________________________ */
__interrupt void fn_intdmaO(void)
S
X DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
[I: DBCO = 100; /* DMA Byte Count Register 0 */
)
| DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
1

00oooooooooono U20228JJ1V0AN



040 0OOOOOOOO

4.2 0JO0OOOO

82

4.2.1

gogoboboobooodd

(1)DMAO OO OO
DMADOOOOOOOOOOOOOOO0DO0OO

ad

O o o o

ad

DMAOOODOoOOOOODODOOODO
DMAOOOSFROOOOOOOOOOOO
DMAOUOORAMODOUOODOOOODO
DMAUODOOOOODODOOO0DO
DMAOOODOOOODOOOOODOOOOO
ODMACOODOOOOODOOODOCO ODOOOOODOOOoOoDooooo

ODMACOOO OO0OO0ORAM - SFR
gbooooooobo ot16000
ODMAO OODO goooan
ODMAOOOO O INTTMO04

DMAOOODOOCOOOOOOO

00oooooooooono U20228JJ1V0AN



040 0OOOOOOOO

void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register 0 */
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO =  0b01100100; /* DMA Mode Control Register 0 */
S~/
/*| | | ++++-———- IFC3-1FCO */
/51111 [Selection of DMA start source] */
/%1111 0000:Disables DMA transfer by interrupt */
/51111 (Only software trigger is enabled.) */
7*1111 0010: INTTMOO */
/#1111 0011:INTTMO1 */
7*1111 0100: INTTMO4 */
7*1111 0101: INTTMO5 */
/111 0110: INTSTO/INTCSI00 */
/*1111 0111: INTSRO/INTCSIO1 */
/1111 1000: INTST1/INTCSI10/INTIIC10 */
/*1111 1001: INTSR1 */
7*1111 1010: INTST3 */
/*1111 1011:INTSR3 */
7*1111 1100: INTAD */
/*| | |+---—------- DWAITO */
/*111 [Pending of DMA transfer] */
/5111 0:Executes DMA transfer upon DMA start request (not held pending).
*/
/5111 1:Holds DMA start request pending if any. */
/*| | +--————-———- DSO */
/11 [Specification of transfer data size for DMA transfer] */
/7*]1 0:8bits */
/*11 1:16bits */
/¥ - DRSO */
VAd| [Selection of DMA transfer direction] */
/*| 0:SFR to internal RAM */
/*| 1:Internal RAM to SFR */
Y i STGO */
/* [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
}
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void fn_AdcDaclnit(void)

ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
*/
/%1111 | [2]0perationcontrol of voltage reference */
41111 | [3]0utput voltage selection of voltage reference */
/51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
*/
/%1111 | [5]Relationship with the conversion mode used */
el 111
/%1111 | : 00 0 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
<1 [3]2.5 V */
/51111 | [4]Stops operation */
/#1111 | [5]Can be set in conversion mode 1 */
i 111
/%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
<1 [5]Can be set in conversion mode 2 or 3 */
el 111
I | - 100 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.5 V */
<1111 | [4]Stops operation */
111 [51 - */
111
I | - 101 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Enables operation */
<111 [3]2.5 V */
41111 [4]Enables operation */
7“1 [5]Can be set in conversion mode 2 or 3 */
111
I | = 110 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
111 [51 - */
el 111
I | = 111 : [1]VREFOUT (voltage reference output) */
/51111 | [2]Enables operation */
111 [3]2.0 V */
/51111 | [4]Enables operation */
1 [5]Can be set in conversion mode 2 or 3 */
el 111
/*|111 | : Other than the above : Setting prohibited */
1110
/% |t —t————- : Be sure to set 0000 */
/*| */
Y e : Reference voltage supply (negative side) of A/D converter selection */
/* 10 AVSS */
/* 1 : AVREFM (external voltage reference input) */
ADVRC.0 = 1; /* Enables operation */
ADVRC.1 = 1; /* Output 2.0 V */
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O----- ADPC =  0b00000000; /* A/D Port Configuration Register */
/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */
/*|1] : o ANI15/AVREFM/P157 */
/*|11 : [ AN110/P152 - ANI18/AMP2+/P150 */
/*|1] : | ||| +-+-+-+-t-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/I1l :00000:AAAAAAAAAAAAY
/*|]] 00001 :AAAAAAAAAAAD™
/I1l :00010:AAAAAAAAAADD™
/*|]] :00011:AAAAAAAAADDD */
/I1l :00100:AAAAAAAADDDD*
/*|]] :00101:AAAAAAADDDDD */
/I1l :00110:AAAAAADDDDDD *
/*|]] :00111:AAAAADDDDDDD */
/II| :01000:AAAADDDDDDDD */
/*|]] :01001:AAADDDDDDDDD */
/I :01010:AADDDDDDDDDD */
/*|]] :01111:ADDDDDDDDDDD */
/II| -:10000:DDDDDDDDDDDD */
11 i
Y e : Be sure to set 000 */

/* wait for setting time to 17msec */

O----- fn_Wait500usBase(17000/500);
/* ___________________________________________ */
/* Initialization of operational amplifier */
[ Y e e */
' PM2.1 = 1; /* input port mode (AMPOO) */
' PM2.0 = 1; /* input port mode (AMPO-) */
! PM2.2 = 1; /* input port mode (AMPO+) */
|
my PM2.4 = 1; /* input port mode (AMP10) */
! PM2.3 = 1; /* input port mode (AMP1-) */
i PM2.5 = 1; /* input port mode (AMP1+) */
]
]
' PM2.7 = 1; /* input port mode (AMP20) */
I PM2.6 = 1; /* input port mode (AMP2-) */
| PM15.0 = 1; /* input port mode (AMP2+) */
| I
PM11.0 = 1; /* input port mode (ANOO) */
| ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
o, 0AC.0 = 1; /* operational amplifier (AMPO) enable */
' 0AC.1 = 0; /* operational amplifier (AMP1) disable */
L 0AC.2 = 0; /* operational amplifier (AMP2) disable */
/* ___________________________________________ */
/* Initialization of D/A converter */
/* ___________________________________________ */
g----- DACEN = 1; /* supplies input clock to D/A converter */
r-—-—-- DAM.0 = 0; /* [DAMDO] D/A converter operation is Normal mode */
D: DAM.2 = 1; /* [DARESO]D/A conversion resolution is 12-bit */
L DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage is
VREFOUT */
O----- DACSWO = aushDacData[99]; /* D/A conversion value setting reigster 0 */
ety /* set D/A chanell */
0o DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
1
[ DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */
O----- DACSW1 = aushDacData[99]; /* D/A conversion value setting reigster 1 */
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void main(void)
unsigned short count; /* counter for initializing D/A convert data */
DACEL = 1; /* D/A converter CH1 enable */
DACEO = 1;
/* */
Y £ */
/* Main Loop */
Y £ */
/* */
/* initialize D/Aconverter data */
for(count = 0; count<100; count++){
ushDacData[count] = aushDacData[count];
}
TSOL.4 = 1; /* start TAUO CH4 */
TMIFO4 = 0; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */
EIQ; /* enable all interrupts */
/* */
/* if system have nothing to do, go to standby for power-saving */
/* */
while (1){
HALTQ;
NOPQ);
}
}
/* _____________________________________________________________ */
/* Module: fn_intdma0 */
/* Description:  DMA chO interruput process */
/* parameter: -- */
/* return : -- */
/* _____________________________________________________________ */
__interrupt void fn_intdmaO(void)
{
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
}
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void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register 0 */
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO =  0b01100100; /* DMA Mode Control Register 0 */
S~/
/*| | | ++++-———- IFC3-1FCO */
/51111 [Selection of DMA start source] */
/%1111 0000:Disables DMA transfer by interrupt */
/51111 (Only software trigger is enabled.) */
7*1111 0010: INTTMOO */
/#1111 0011:INTTMO1 */
7*1111 0100: INTTMO4 */
7*1111 0101: INTTMO5 */
/111 0110: INTSTO/INTCSI00 */
/*1111 0111: INTSRO/INTCSIO1 */
/1111 1000: INTST1/INTCSI10/INTIIC10 */
/*1111 1001: INTSR1 */
7*1111 1010: INTST3 */
/*1111 1011:INTSR3 */
7*1111 1100: INTAD */
/*| | |+---—------- DWAITO */
/*111 [Pending of DMA transfer] */
/5111 0:Executes DMA transfer upon DMA start request (not held pending).
*/
/5111 1:Holds DMA start request pending if any. */
/*| | +--————-———- DSO */
/11 [Specification of transfer data size for DMA transfer] */
/7*]1 0:8bits */
/*11 1:16bits */
/¥ - DRSO */
VAd| [Selection of DMA transfer direction] */
/*| 0:SFR to internal RAM */
/*| 1:Internal RAM to SFR */
Y i STGO */
/* [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
}
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void fn_AdcDaclnit(void)

ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
*/
/%1111 | [2]0perationcontrol of voltage reference */
41111 | [3]0utput voltage selection of voltage reference */
/51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
*/
/%1111 | [5]Relationship with the conversion mode used */
el 111
/%1111 | : 00 0 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
<1 [3]2.5 V */
/51111 | [4]Stops operation */
/#1111 | [5]Can be set in conversion mode 1 */
i 111
/%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
<1 [5]Can be set in conversion mode 2 or 3 */
el 111
I | - 100 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.5 V */
<1111 | [4]Stops operation */
111 [51 - */
111
I | - 101 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Enables operation */
<111 [3]2.5 V */
41111 [4]Enables operation */
7“1 [5]Can be set in conversion mode 2 or 3 */
111
I | = 110 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
111 [51 - */
el 111
I | = 111 : [1]VREFOUT (voltage reference output) */
/51111 | [2]Enables operation */
111 [3]2.0 V */
/51111 | [4]Enables operation */
1 [5]Can be set in conversion mode 2 or 3 */
el 111
/*|111 | : Other than the above : Setting prohibited */
1110
/% |t —t————- : Be sure to set 0000 */
/*| */
Y e : Reference voltage supply (negative side) of A/D converter selection */
/* 10 AVSS */
/* 1 : AVREFM (external voltage reference input) */
ADVRC.0 = 1; /* Enables operation */
ADVRC.1 = 1; /* Output 2.0 V */
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O----- ADPC =  0b00000000; /* A/D Port Configuration Register */
/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */
/*|1] : o ANI15/AVREFM/P157 */
/*|11 : [ AN110/P152 - ANI18/AMP2+/P150 */
/*|1] : | ||| +-+-+-+-t-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/I1l :00000:AAAAAAAAAAAAY
/*|]] 00001 :AAAAAAAAAAAD™
/I1l :00010:AAAAAAAAAADD™
/*|]] :00011:AAAAAAAAADDD */
/I1l :00100:AAAAAAAADDDD*
/*|]] :00101:AAAAAAADDDDD */
/I1l :00110:AAAAAADDDDDD *
/*|]] :00111:AAAAADDDDDDD */
/II| :01000:AAAADDDDDDDD */
/*|]] :01001:AAADDDDDDDDD */
/I :01010:AADDDDDDDDDD */
/*|]] :01111:ADDDDDDDDDDD */
/II| -:10000:DDDDDDDDDDDD */
11 i
Y e : Be sure to set 000 */

/* wait for setting time to 17msec */

O----- fn_Wait500usBase(17000/500);
/* ___________________________________________ */
/* Initialization of operational amplifier */
[ Y e e */
' PM2.1 = 1; /* input port mode (AMPOO) */
' PM2.0 = 1; /* input port mode (AMPO-) */
! PM2.2 = 1; /* input port mode (AMPO+) */
|
my PM2.4 = 1; /* input port mode (AMP10) */
! PM2.3 = 1; /* input port mode (AMP1-) */
i PM2.5 = 1; /* input port mode (AMP1+) */
]
]
' PM2.7 = 1; /* input port mode (AMP20) */
I PM2.6 = 1; /* input port mode (AMP2-) */
| PM15.0 = 1; /* input port mode (AMP2+) */
| I
PM11.0 = 1; /* input port mode (ANOO) */
| ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
o, 0AC.0 = 1; /* operational amplifier (AMPO) enable */
' 0AC.1 = 0; /* operational amplifier (AMP1) disable */
L 0AC.2 = 0; /* operational amplifier (AMP2) disable */
/* ___________________________________________ */
/* Initialization of D/A converter */
/* ___________________________________________ */
g----- DACEN = 1; /* supplies input clock to D/A converter */
r-—-—-- DAM.0 = 0; /* [DAMDO] D/A converter operation is Normal mode */
D: DAM.2 = 1; /* [DARESO]D/A conversion resolution is 12-bit */
L DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage is
VREFOUT */
O----- DACSWO = aushDacData[99]; /* D/A conversion value setting reigster 0 */
ety /* set D/A chanell */
0o DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
1
[ DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */
O-e--- DACSW1 = aushDacData[80]; /* D/A conversion value setting reigster 1 */
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void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
ushCycleCount = 0; /* Cycle counter */
A DACE1 = 1; /* D/A converter CH1 enable */
Or . DACEO = 1;
/* */
/* __________________________________ */
/* Main Loop */
/* __________________________________ */
/* */
v /* initialize D/Aconverter data */
i for(count = 0; count<100; count++){
: ushDacData[count] = aushDacData[count];
S }
:_____ TSOL.4 = 1; /* start TAUO CH4 */
a; TMIFO4 = 0; /* reset INTTMO4 interrupt request */
0----- DMAMKO = 0; /* enable DMA CHO interrupt */
O----- EIQ; /* enable all interrupts */
/* */
/* if system have nothing to do, go to standby for power-saving */
/* */
. while (1){
D: HALTQ);
! NOPQ):
! }
Tl
/* _____________________________________________________________ */
/* Module: fn_intdma0 */
/* Description: DMA chO interruput process */
/* parameter: -- */
/* return : -- */
Y */
__interrupt void fn_intdmaO(void)
{
O----- TTOL.4 = 1; /* stop TAUO CH4 */
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/* start A/D conversion */

ADCS = 1; /* A/D converter enable */

ADIF = 0; /* clear A/D interrupt request flag */

ADMK = 0; /* enable A/D interrupt */

HALTQ); /* set HALT mode and wait conversion finished */
ADMK = 1; /* disable A/D interrupt */

ADIF = 0; /* clear A/D interrupt request flag */

shVoltage = (short)(ADCR & OxOfff); /* get A/D result */
shVoltage -= (2048 - 1);
if(shvoltage < 0){

DACSW1 += 1; /* D/A conversion value setting reigster 1 */
}
else if(shVoltage > 2){
DACSW1 -= 1; /* D/A conversion value setting reigster 1 */
}
ushCycleCount++; /* Cycle counter */
if(ushCycleCount > 100){ /* Cycle counter */
DACSW1 = ushDacData[95]; /* D/A conversion value setting reigster 1 */
ushCycleCount = 0; /* reset Cycle counter */
}
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
TSOL.4 = 1; /* start TAUO CH4 */
TMIFO4 = 0; /* reset INTTMO4 interrupt request */
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void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register 0 */
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO =  0b01100100; /* DMA Mode Control Register 0 */
S~/
/*| | | ++++-———- IFC3-1FCO */
/51111 [Selection of DMA start source] */
/%1111 0000:Disables DMA transfer by interrupt */
/51111 (Only software trigger is enabled.) */
7*1111 0010: INTTMOO */
/#1111 0011:INTTMO1 */
7*1111 0100: INTTMO4 */
7*1111 0101: INTTMO5 */
/111 0110: INTSTO/INTCSI00 */
/*1111 0111: INTSRO/INTCSIO1 */
/1111 1000: INTST1/INTCSI10/INTIIC10 */
/*1111 1001: INTSR1 */
7*1111 1010: INTST3 */
/*1111 1011:INTSR3 */
7*1111 1100: INTAD */
/*| | |+---—------- DWAITO */
/*111 [Pending of DMA transfer] */
/5111 0:Executes DMA transfer upon DMA start request (not held pending).
*/
/5111 1:Holds DMA start request pending if any. */
/*| | +--————-———- DSO */
/11 [Specification of transfer data size for DMA transfer] */
/7*]1 0:8bits */
/*11 1:16bits */
/¥ - DRSO */
VAd| [Selection of DMA transfer direction] */
/*| 0:SFR to internal RAM */
/*| 1:Internal RAM to SFR */
Y i STGO */
/* [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
}
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void fn_AdcDaclnit(void)
O----- ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
it ADVRC = 0b00001000; /* Analog reference voltage control register */
' /*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
1 */
| /%1111 | [2]0perationcontrol of voltage reference */
' 41111 | [3]0utput voltage selection of voltage reference */
! /51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
| */
' /%1111 | [5]Relationship with the conversion mode used */
' el 100 I
| /I111 | : 000 : [1]JAVREFP (external voltage reference input) */
| 41111 | [2]Stops operation (Hi-Z) */
| <1 [3]2.5 V */
! /51111 | [4]Stops operation */
1
i /#1111 | [5]Can be set in conversion mode 1 */
| el 100 I
! /%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
! 41111 | [2]Stops operation (Hi-Z) */
I 41| [3]2.0 V */
' /#1111 ] [4]Enables operation */
o <1 [5]Can be set in conversion mode 2 or 3 */
)
! el 100 I
' /<1111 1 : 100 : [1]VREFOUT (voltage reference output) */
' <1111 | [2]Stops operation (pull-down output) */
; 101 1 [B12.5V*
! <1111 | [4]Stops operation */
- A
1 *
| I | - 101 : [1]VREFOUT (voltage reference output) */
' /%1111 | [2]Enables operation */
: #1011 [3]2.5 V */
1 41111 [4]Enables operation */
| 7“1 [5]Can be set in conversion mode 2 or 3 */
| el 100 I
]
! I | = 110 : [1]VREFOUT (voltage reference output) */
! <1111 | [2]Stops operation (pull-down output) */
| <11 [3]2.0 V */
' 51111 | [4]Enables operation */
! 11 [s1 - */
[ el 100
' I | = 111 : [1]VREFOUT (voltage reference output) */
! /51111 | [2]Enables operation */
1
[ < | [3]2.0 v */
' /%1111 | [4]Enables operation */
' 1 [5]Can be set in conversion mode 2 or 3 */
! IR _ N
) /*|111 | : Other than the above : Setting prohibited */
| el 100 I
! /% |t —t————- : Be sure to set 0000 */
| 1%| */
' Y e : Reference voltage supply (negative side) of A/D converter selection */
' /* 2 0 : AVSS */
! /* : 1 : AVREFM (external voltage reference input) */
)
' ADVRC.0 = 1; /* Enables operation */
! ADVRC.1 = 1; /* Output 2.0 V */
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ADPC =  0b00000000; /* A/D Port Configuration Register */
/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */
/*|1] : o ANI15/AVREFM/P157 */
/*|11 : [ AN110/P152 - ANI18/AMP2+/P150 */
/*|1] : | |1 | +-+—+-+-+-+—+-+--— ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/*|1] 00000 :AAAAAAAAAAAAX
/*|]] 00001 :AAAAAAAAAAAD™
/*I|] :00010:AAAAAAAAAADD*
/*|]] :00011:AAAAAAAAADDD */
/*I1] :00100:AAAAAAAADDDD*
/*|]] :00101:AAAAAAADDDDD */
/*I1] :00110:AAAAAADDDDDD*
/*|]] :00111:AAAAADDDDDDD */
/*||] :01000:AAAADDDDDDDD *
/*|]] :01001:AAADDDDDDDDD */
/*||] :01010:AADDDDDDDDDD *
/*|]] :01111:ADDDDDDDDDDD */
/*||] :10000:DDDDDDDDDDDD *
e 11 4
Y e : Be sure to set 000 */
/* wait for setting time to 17msec */
fn_Wait500usBase(17000/500);
/* ___________________________________________ */
/* Initialization of operational amplifier */
/* ___________________________________________ */
PM2.1 = 1; /* input port mode (AMPQO) */
PM2.0 = 1; /* input port mode (AMPO-) */
PM2.2 = 1; /* input port mode (AMPO+) */
PM2.4 = 1; /* input port mode (AMP10) */
PM2.3 = 1; /* input port mode (AMP1-) */
PM2.5 = 1; /* input port mode (AMP1+) */
PM2.7 = 1; /* input port mode (AMP20) */
PM2.6 = 1; /* input port mode (AMP2-) */
PM15.0 = 1; /* input port mode (AMP2+) */
PM11.0 = 1; /* input port mode (ANOO) */
ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
0AC.0 = 1; /* operational amplifier (AMPO) enable */
0AC.1 = 0; /* operational amplifier (AMP1) disable */
0AC.2 = 0; /* operational amplifier (AMP2) disable */
/* ___________________________________________ */
/* Initialization of D/A converter */
/* ___________________________________________ */
DACEN = 1; /* supplies input clock to D/A converter */
DAM.0 = 0; /* [DAMDO] D/A converter operation is Normal mode */
DAM.2 = 1; /* [DARESO]D/A conversion resolution is 12-bit */
DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage
VREFOUT */
DACSWO = aushDacData[99]; /* D/A conversion value setting reigster 0 */
/* set D/A chanell */
DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */
DACSW1 = aushDacData[90]; /* D/A conversion value setting reigster 1 */
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void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
ushCycleCount = 0; /* Cycle counter */
ucCycleStatus = 0; /* Cycle status */
IZI:-“" DACEL = 1; /* D/A converter CH1 enable */
Lo DACEO = 1;
/* */
/* __________________________________ */
/* Main Loop */
/* __________________________________ */
/* */
:_"" /* initialize D/Aconverter data */
|:|: for(count = 0; count<100; count++){
i ushDacData[count] = aushDacData[count];
Rt }
| TSOL.4 = 1; /* start TAUO CH4 */
o, TMIFO4 = 0; /* reset INTTMO4 interrupt request */
| I
O----- DMAMKO = 0; /* enable DMA CHO interrupt */
O----- EIQ; /* enable all interrupts */
/* */
/* if system have nothing to do, go to standby for power-saving */
/* */
. while (1){
' HALTQ);
O NOPQ);
! }
Tty
/* _____________________________________________________________ */
/* Module: fn_intdma0 */
/* Description:  DMA chO interruput process */
/* parameter: -- */
/* return @ -- */
/* _____________________________________________________________ */
__interrupt void fn_intdmaO(void)
{
O----- TT0L.4 = 1; /* stop TAUO CH4 */
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. /* start A/D conversion */
! ADCS = 1; /* A/D converter enable */
) ADIF = 0; /* clear A/D interrupt request flag */
' ADMK = 0; /* enable A/D interrupt */
' HALTQ); /* set HALT mode and wait conversion finished */
I ADMK = 1; /* disable A/D interrupt */
' ADIF = 0; /* clear A/D interrupt request flag */
| I
r---- shVoltage = (short)(ADCR & OxOfff); /* get A/D result */
' shvoltage -= (2048 - 1);
' if(shVoltage < 0){
! DACSW1 += 1; /* D/A conversion value setting reigster 1 */
. }
' else if(shvoltage > 2){
! DACSW1 -= 1; /* D/A conversion value setting reigster 1 */
[ }
1
| I
_____ ushCycleCount++; /* Cycle counter */
' if(ushCycleCount > 50){ /* Cycle counter */
' switch(ucCycleStatus){ /* Cycle status */
! case 0:
i TDR04 = 2000; /* set interval time to 100us(=0.05us *
' 2000) */
' ucCycleStatus = 1; /* Cycle status (100Hz) */
I ushCycleCount = 20; /* reset Cycle counter */
: break;
1
E case 1:
! TDR04 = 200; /* set interval time to 10us(=0.05us * 200)
1 */
1
' ucCycleStatus = 0; /* Cycle status (1kHz) */
I ushCycleCount = 0; /* reset Cycle counter */
: break;
|
! }
Lo DACSW1 = ushDacData[90];
. DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
! DBCO = 100; /* DMA Byte Count Register 0 */
]
' DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
)
i TSOL.4 = 1; /* start TAUO CH4 */
Lo—_- TMIFO4 = 0; /* reset INTTMO4 interrupt request */
}
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void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register 0 */
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 25; /* DMA Byte Count Register 0 */
DMCO =  0b01100100; /* DMA Mode Control Register 0 */
S~/
/*| | | ++++-———- IFC3-1FCO */
/51111 [Selection of DMA start source] */
/%1111 0000:Disables DMA transfer by interrupt */
/51111 (Only software trigger is enabled.) */
7*1111 0010: INTTMOO */
/#1111 0011:INTTMO1 */
7*1111 0100: INTTMO4 */
7*1111 0101: INTTMO5 */
/111 0110: INTSTO/INTCSI00 */
/*1111 0111: INTSRO/INTCSIO1 */
/1111 1000: INTST1/INTCSI10/INTIIC10 */
/*1111 1001: INTSR1 */
7*1111 1010: INTST3 */
/*1111 1011:INTSR3 */
7*1111 1100: INTAD */
/*| | |+---—------- DWAITO */
/*111 [Pending of DMA transfer] */
/5111 0:Executes DMA transfer upon DMA start request (not held pending).
*/
/5111 1:Holds DMA start request pending if any. */
/*| | +--————-———- DSO */
/11 [Specification of transfer data size for DMA transfer] */
/7*]1 0:8bits */
/*11 1:16bits */
/¥ - DRSO */
VAd| [Selection of DMA transfer direction] */
/*| 0:SFR to internal RAM */
/*| 1:Internal RAM to SFR */
Y i STGO */
/* [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
}
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void fn_AdcDaclnit(void)

ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
*/
/%1111 | [2]0perationcontrol of voltage reference */
41111 | [3]0utput voltage selection of voltage reference */
/51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
*/
/%1111 | [5]Relationship with the conversion mode used */
el 111
/%1111 | : 00 0 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
<1 [3]2.5 V */
/51111 | [4]Stops operation */
/#1111 | [5]Can be set in conversion mode 1 */
i 111
/%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
<1 [5]Can be set in conversion mode 2 or 3 */
el 111
I | - 100 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.5 V */
<1111 | [4]Stops operation */
111 [51 - */
111
I | - 101 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Enables operation */
<111 [3]2.5 V */
41111 [4]Enables operation */
7“1 [5]Can be set in conversion mode 2 or 3 */
111
I | = 110 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
111 [51 - */
el 111
I | = 111 : [1]VREFOUT (voltage reference output) */
/51111 | [2]Enables operation */
111 [3]2.0 V */
/51111 | [4]Enables operation */
1 [5]Can be set in conversion mode 2 or 3 */
el 111
/*|111 | : Other than the above : Setting prohibited */
1110
/% |t —t————- : Be sure to set 0000 */
/*| */
Y e : Reference voltage supply (negative side) of A/D converter selection */
/* 10 AVSS */
/* 1 : AVREFM (external voltage reference input) */
ADVRC.0 = 1; /* Enables operation */
ADVRC.1 = 1; /* Output 2.0 V */
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ADPC =

0b00000000; /* A/D Port Configuration Register */

/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */

/*|1] : o ANI15/AVREFM/P157 */

/*|11 : [ AN110/P152 - ANI18/AMP2+/P150 */
/*|1] : | ||| +-+-+-+-t-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/I1l :00000:AAAAAAAAAAAAY

/*|]] 00001 :AAAAAAAAAAAD™

/I1l :00010:AAAAAAAAAADD™

/*|]] :00011:AAAAAAAAADDD */

/I1l :00100:AAAAAAAADDDD*

/*|]] :00101:AAAAAAADDDDD */

/I1l :00110:AAAAAADDDDDD *

/*|]] :00111:AAAAADDDDDDD */

/II| :01000:AAAADDDDDDDD */

/*|]] :01001:AAADDDDDDDDD */

/I :01010:AADDDDDDDDDD */

/*|]] :01111:ADDDDDDDDDDD */

/II| -:10000:DDDDDDDDDDDD */

11 i

Y e : Be sure to set 000 */

/* wait for setting time to 17msec */
fn_Wait500usBase(17000/500);

/* ___________________________________________ */

/* Initialization of operational amplifier */

/* ___________________________________________ */

PM2.1 = 1; /* input port mode (AMPQO) */

PM2.0 = 1; /* input port mode (AMPO-) */

PM2.2 = 1; /* input port mode (AMPO+) */

PM2.4 = 1; /* input port mode (AMP10) */

PM2.3 = 1; /* input port mode (AMP1-) */

PM2.5 = 1; /* input port mode (AMP1+) */

PM2.7 = 1; /* input port mode (AMP20) */

PM2.6 = 1; /* input port mode (AMP2-) */

PM15.0 = 1; /* input port mode (AMP2+) */

PM11.0 = 1; /* input port mode (ANOO) */

ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
0AC.0 = 1; /* operational amplifier (AMPQ) enable */

0AC.1 = 0; /* operational amplifier (AMP1) disable */

0AC.2 = 0; /* operational amplifier (AMP2) disable */

/* ___________________________________________ */

/* Initialization of D/A converter */

/* ___________________________________________ */

DACEN = 1; /* supplies input clock to D/A converter */

DAM.0 = 1; /* [DAMDO] D/A converter operation is Real-time output mode */
DAM.2 = 1; /* [DARESO]D/A conversion resolution is 12-bit */
DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage is VREFOUT */
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{

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

{

id main(void)

unsigned short count;
ucCycleStatus = 0;

DACEO = 1;

/*
/e e
/* Main Loop

/e e
/*

/* initialize D/Aconverter data */
for(count = 0; count<100; count++){

/* counter for initializing D/A convert data */
/* Cycle status */

/* D/A converter CHO enable */

*/
*/
*/
*/
*/

ushDacData[count] = aushDacData[count];

}
TSOL.4 = 1; /* start TAUO CH4 */
TMIFO4 = 0; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */
EIQ; /* enable all interrupts */
/* */
/* if system have nothing to do, go to standby for power-saving */
/* */
while (1){
HALTQ);
NOPQ);
}
_____________________________________________________________ */
Module: fn_intdma0 */
Description:  DMA chO interruput process */
parameter: -- */
return @ -- */
_____________________________________________________________ */

interrupt void fn_intdmaO(void)

TTOL.4 = 1;

/* stop TAUO CH4 */

ooooooooo
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*/

switch(ucCycleStatus){ /* Cycle status */

case 0:
TDR04 = 20000; /* set interval time to 1000us(=0.05us * 20000) */
ucCycleStatus = 1; /* Cycle status (Flat) */
DBCO = 1; /* DMA Byte Count Register 0 */
break;

case 1:
TDR04 = 200; /* set interval time to 10us(=0.05us * 200) */
ucCycleStatus = 2; /* Cycle status (2/4,3/4 sign) */
DBCO = 50 - 1; /* DMA Byte Count Register 0 */

break;

case 2:
TDR04 = 20000; /* set interval time to 1000us(=0.05us * 20000) */
ucCycleStatus = 3; /* Cycle status (Flat) */
DBCO = 1; /* DMA Byte Count Register 0 */
break;

case 3:
TDR04 = 200; /* set interval time to 10us(=0.05us * 200) */
ucCycleStatus = 4; /* Cycle status (1kHz) */
DBCO = 25 - 1; /* DMA Byte Count Register 0 */
break;

case 4:
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */

}
DSTO =

TSOL.4
TMIFO4

case

[N

DACSWO = ushDacData[99]; /* D/A conversion value setting reigster 0 */

TMRO4 = 0b0000000000000000;/* Timer Mode Register 04 */

TDR04 = 20000; /* set interval time to 1000us(=0.05us * 20000) */
ucCycleStatus = 5; /* Cycle status (10Hz) */

DBCO = 50; /* DMA Byte Count Register 0 */

break;

5:

DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */

DACSWO = ushDacData[99]; /* D/A conversion value setting reigster 0 */
TMRO4 = 0b1000000000000000;/* Timer Mode Register 04 */

TDR04 = 200; /* set interval time to 10us(=0.05us * 200) */
ucCycleStatus = 0; /* Cycle status (1kHz) */

DBCO = 25; /* DMA Byte Count Register 0 */

break;

/* DMA transfer is started when DMA operation is enabled (DENO = 1).

/* start TAUO CH4 */
/* reset INTTMO4 interrupt request */
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void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register 0 */
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 25; /* DMA Byte Count Register 0 */
DMCO =  0b01100100; /* DMA Mode Control Register 0 */
S~/
/*| | | ++++-———- IFC3-1FCO */
/51111 [Selection of DMA start source] */
/%1111 0000:Disables DMA transfer by interrupt */
/51111 (Only software trigger is enabled.) */
7*1111 0010: INTTMOO */
/#1111 0011:INTTMO1 */
7*1111 0100: INTTMO4 */
7*1111 0101: INTTMO5 */
/111 0110: INTSTO/INTCSI00 */
/*1111 0111: INTSRO/INTCSIO1 */
/1111 1000: INTST1/INTCSI10/INTIIC10 */
/*1111 1001: INTSR1 */
7*1111 1010: INTST3 */
/*1111 1011:INTSR3 */
7*1111 1100: INTAD */
/*| | |+---—------- DWAITO */
/*111 [Pending of DMA transfer] */
/5111 0:Executes DMA transfer upon DMA start request (not held pending).
*/
/5111 1:Holds DMA start request pending if any. */
/*| | +--————-———- DSO */
/11 [Specification of transfer data size for DMA transfer] */
/7*]1 0:8bits */
/*11 1:16bits */
/¥ - DRSO */
VAd| [Selection of DMA transfer direction] */
/*| 0:SFR to internal RAM */
/*| 1:Internal RAM to SFR */
Y i STGO */
/* [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
}
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void fn_AdcDaclnit(void)
O----- ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
it ADVRC = 0b00001000; /* Analog reference voltage control register */
' /*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
1 */
| /%1111 | [2]0perationcontrol of voltage reference */
' 41111 | [3]0utput voltage selection of voltage reference */
! /51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
| */
' /%1111 | [5]Relationship with the conversion mode used */
' el 100 I
| /I111 | : 000 : [1]JAVREFP (external voltage reference input) */
| 41111 | [2]Stops operation (Hi-Z) */
| <1 [3]2.5 V */
! /51111 | [4]Stops operation */
1
i /#1111 | [5]Can be set in conversion mode 1 */
| el 100 I
! /%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
! 41111 | [2]Stops operation (Hi-Z) */
I 41| [3]2.0 V */
' /#1111 ] [4]Enables operation */
o <1 [5]Can be set in conversion mode 2 or 3 */
)
! el 100 I
' /<1111 1 : 100 : [1]VREFOUT (voltage reference output) */
' <1111 | [2]Stops operation (pull-down output) */
; 101 1 [B12.5V*
! <1111 | [4]Stops operation */
- A
1 *
| I | - 101 : [1]VREFOUT (voltage reference output) */
' /%1111 | [2]Enables operation */
: #1011 [3]2.5 V */
1 41111 [4]Enables operation */
| 7“1 [5]Can be set in conversion mode 2 or 3 */
| el 100 I
]
! I | = 110 : [1]VREFOUT (voltage reference output) */
! <1111 | [2]Stops operation (pull-down output) */
| <11 [3]2.0 V */
' 51111 | [4]Enables operation */
! 11 [s1 - */
[ el 100
' I | = 111 : [1]VREFOUT (voltage reference output) */
! /51111 | [2]Enables operation */
1
[ < | [3]2.0 v */
' /%1111 | [4]Enables operation */
' 1 [5]Can be set in conversion mode 2 or 3 */
! IR _ N
) /*|111 | : Other than the above : Setting prohibited */
| el 100 I
! /% |t —t————- : Be sure to set 0000 */
| 1%| */
' Y e : Reference voltage supply (negative side) of A/D converter selection */
' /* 2 0 : AVSS */
! /* : 1 : AVREFM (external voltage reference input) */
)
' ADVRC.0 = 1; /* Enables operation */
! ADVRC.1 = 1; /* Output 2.0 V */

112
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ADPC =

0b00000000;
/*| | |+++++--- - Analo

] -
] -
] -
] -
] -
] -
]
] -
7] -
] -
7] -
] -
] -
] -
]
] -
i

POOOO0OO0OO0OO0OO0OO0OO0OO0OOoO
OFRPFPFPPOOODOOOOO
OPrRPO0OO0OORrFPPPFPOOOO
ORPRPFRPOORPRPFPOORLRPFPROO
OFrRPOFrRPROFRPRORFRPRORFRPRORFRO

/* A/D Port Configuration Register */

O > >3 3> 3 > e+
CoOXrrrrr>rr>r>r>>>I>=—-+

Y : Be su

g input (A)/digital 170 (D) switching */
————————————————————————— ANI15/AVREFM/P157 */

R e e AN110/P152 - ANI18/AMP2+/P150 */
+--- ANI7/AMP20/P27 - ANI0/AMPO-/P20 */
A >/

D */

D */

D */

D */

D */

D */
D
D
D
D
D
D

OO D=+

+

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

OO > >
U0 UOX>>»>>>>>> +
OO0 UO>Xr>>>> >

OO > +
OO0 UoOOUOO>»>>>> +
OO X>»>»>> +
OO0 X>> > +
OO0 UO0UUO0OO0O0O0O>»>+

re to set 000 */

/* wait for setting time to 17msec */
fn_Wait500usBase(17000/500);

/* ___________________________________________ */

/* Initialization of operational amplifier */

/* ___________________________________________ */

PM2.1 = 1; /* input port mode (AMPQO) */

PM2.0 = 1; /* input port mode (AMPO-) */

PM2.2 = 1; /* input port mode (AMPO+) */

PM2.4 = 1; /* input port mode (AMP10) */

PM2.3 = 1; /* input port mode (AMP1-) */

PM2.5 = 1; /* input port mode (AMP1+) */

PM2.7 = 1; /* input port mode (AMP20) */

PM2.6 = 1; /* input port mode (AMP2-) */

PM15.0 = 1; /* input port mode (AMP2+) */

PM11.0 = 1; /* input port mode (ANOO) */

ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
0AC.0 = 1; /* operational amplifier (AMPQ) enable */

0AC.1 = 0; /* operational amplifier (AMP1) disable */

0AC.2 = 0; /* operational amplifier (AMP2) disable */

/* ___________________________________________ */

/* Initialization of D/A converter */

/* ___________________________________________ */

DACEN = 1; /* supplies input clock to D/A converter */

DAM.0 = 1; /* [DAMDO] D/A converter operation is Real-time output mode */
DAM.2 = 1; /* [DARESO]D/A conversion resolution is 12-bit */
DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage is VREFOUT */
/* set D/A chanell */

DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */

DACSW1 = aushDacData[99]; /*

D/A conversion value setting reigster 1 */}
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void main(void)

unsigned short count; /* counter for initializing D/A convert data */
ucCycleStatus = 0; /* Cycle status */

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

0, DACEL1 = 1; /* D/A converter CH1 enable */

|
/* */
J* */
/* Main Loop */
J* */
/* */

' /* initialize D/Aconverter data */
i for(count = 0; count<100; count++){
: ushDacData[count] = aushDacData[count];

S }
| TSOL.4 = 1; /* start TAUO CH4 */
o, TMIFO4 = 0; /* reset INTTMO4 interrupt request */
| I
0----- DMAMKO = 0; /* enable DMA CHO interrupt */
O----- EIQ; /* enable all interrupts */
/* */
/* if system have nothing to do, go to standby for power-saving */
/* */
_____ while (1){
| HALTQ);
o NOPQ);
! }
bo-—-| }
/* _____________________________________________________________ */
/* Module: fn_intdma0 */
/* Description:  DMA chO interruput process */
/* parameter: -- */
/* return I -- */
/* _____________________________________________________________ */
__interrupt void fn_intdmaO(void)
{
0----- TT0L.4 = 1; /* stop TAUO CH4 */
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""" case 0:

TDR04 = 20000; /* set interval time to 1000us(=0.05us * 20000) */
ucCycleStatus = 1; /* Cycle status (Flat) */
DBCO = 1; /* DMA Byte Count Register 0 */
break;

case 1:
TDR04 = 200; /* set interval time to 10us(=0.05us * 200) */
ucCycleStatus = 2; /* Cycle status (2/4 sign) */
DBCO = 25; /* DMA Byte Count Register 0 */
break;

case 2:
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */

]

]

|

)

1

1

1

1

]

]

|

)

1

1

1

1

]

]

|

)

1

:

| DACSWO = ushDacData[99]; /* D/A conversion value setting reigster 0 */
' TMRO4 = 0b0000000000000000;/* Timer Mode Register 04 */
! TDR04 = 20000; /* set interval time to 1000us(=0.05us * 20000) */
1
1
1
]
]
|
)
1
1
1
1
]
]
|
)
1
1
1
1
]
]
|
)
1
1
1

ucCycleStatus = 3; /* Cycle status (slow) */
DBCO = 50; /* DMA Byte Count Register 0 */
break;
case 3:
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */

DACSWO = ushDacData[99]; /* D/A conversion value setting reigster 0 */

TMRO4 = 0b1000000000000000;/* Timer Mode Register 04 */
TDR04 = 200; /* set interval time to 10us(=0.05us * 200) */
ucCycleStatus = 0; /* Cycle status (1kHz) */
DBCO = 25; /* DMA Byte Count Register 0 */
break;
}
Lo DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/

o TSOL.4 = 1; /* start TAUO CH4 */

' TMIFO4 = 0; /* reset INTTMO4 interrupt request */

t----| }
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void

fn_InitRtc(void)

RTCEN

RTCCO

RTCMK
RTCIF

1; /* supplies operational real-time counter (RTC) input clock.
0b00001010; /* Real-Time Counter Control Register 0 */
/*| |11 1+++--- : Constant-period interrupt (INTRTC) selection */
/*|111] : 0 0 0 : Does not use constant-period interrupt function. */
/%1111l : 001 : Once per 0.5 s */

/*I111] : 010 : Once per 1 s */

/%1111l : 011 : Once per 1 m */

/*I111] : 1 00 : Once per 1 hour */

/%1111l : 101 : Once per 1 day */

/%Il : 11x : Once per 1 month */

/1 x = don t care */

ST */

*1 1 +------ : Selection of 12-/24-hour system */
/%1111 : 0 : 12-hour system */

/*|111 = 1 : 24-hour system */

<1 */

/¥ | +------- : RTCCL pin output control */

/*|]] : 0 : Disables output of RTCCL pin (32 kHz). */
/*|1] : 1 : Enables output of RTCCL pin (32 kHz). *
/<~

/*| | +-------- : RTC1HZ pin output control */

/*|| : 0 : Disables output of RTCIHZ pin (1 Hz). *
/*|] : 1 : Enables output of RTC1HZ pin (1 Hz). *

/*II */

/%)== . Be sure to set 0 */

/*| */

Y fo T : Real-time counter operation control */

/* 1 0 : Stops counter operation. */
/* : 1 : Starts counter operation. */

=

; /* disable RTC interrupt */
0; /* clear RTC interrupt request flag */

*/
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void fn_AdcDaclnit(void)

ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
*/
/%1111 | [2]0perationcontrol of voltage reference */
41111 | [3]0utput voltage selection of voltage reference */
/51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
*/
/%1111 | [5]Relationship with the conversion mode used */
el 111
/%1111 | : 00 0 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
<1 [3]2.5 V */
/51111 | [4]Stops operation */
/#1111 | [5]Can be set in conversion mode 1 */
i 111
/%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
<1 [5]Can be set in conversion mode 2 or 3 */
el 111
I | - 100 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.5 V */
<1111 | [4]Stops operation */
111 [51 - */
111
I | - 101 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Enables operation */
<111 [3]2.5 V */
41111 [4]Enables operation */
7“1 [5]Can be set in conversion mode 2 or 3 */
111
I | = 110 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
111 [51 - */
el 111
I | = 111 : [1]VREFOUT (voltage reference output) */
/51111 | [2]Enables operation */
111 [3]2.0 V */
/51111 | [4]Enables operation */
1 [5]Can be set in conversion mode 2 or 3 */
el 111
/*|111 | : Other than the above : Setting prohibited */
1110
/% |t —t————- : Be sure to set 0000 */
/*| */
Y e : Reference voltage supply (negative side) of A/D converter selection */
/* 10 AVSS */
/* 1 : AVREFM (external voltage reference input) */
ADVRC.0 = 1; /* Enables operation */
ADVRC.1 = 1; /* Output 2.0 V */
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O----- ADPC =  0b00000000; /* A/D Port Configuration Register */
/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */
/*|1] : o ANI15/AVREFM/P157 */
/*|11 : [ AN110/P152 - ANI18/AMP2+/P150 */
/*|1] : | ||| +-+-+-+-t-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/I1l :00000:AAAAAAAAAAAAY
/*|]] 00001 :AAAAAAAAAAAD™
/I1l :00010:AAAAAAAAAADD™
/*|]] :00011:AAAAAAAAADDD */
/I1l :00100:AAAAAAAADDDD*
/*|]] :00101:AAAAAAADDDDD */
/I1l :00110:AAAAAADDDDDD *
/*|]] :00111:AAAAADDDDDDD */
/II| :01000:AAAADDDDDDDD */
/*|]] :01001:AAADDDDDDDDD */
/I :01010:AADDDDDDDDDD */
/*|]] :01111:ADDDDDDDDDDD */
/II| -:10000:DDDDDDDDDDDD */
11 i
Y e : Be sure to set 000 */

/* wait for setting time to 17msec */

O----- fn_Wait500usBase(17000/500);
/* ___________________________________________ */
/* Initialization of operational amplifier */
[ Y e e */
' PM2.1 = 1; /* input port mode (AMPOO) */
' PM2.0 = 1; /* input port mode (AMPO-) */
! PM2.2 = 1; /* input port mode (AMPO+) */
|
my PM2.4 = 1; /* input port mode (AMP10) */
! PM2.3 = 1; /* input port mode (AMP1-) */
i PM2.5 = 1; /* input port mode (AMP1+) */
]
]
' PM2.7 = 1; /* input port mode (AMP20) */
I PM2.6 = 1; /* input port mode (AMP2-) */
| PM15.0 = 1; /* input port mode (AMP2+) */
| I
PM11.0 = 1; /* input port mode (ANOO) */
| ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
o, 0AC.0 = 1; /* operational amplifier (AMPO) enable */
' 0AC.1 = 1; /* operational amplifier (AMP1) enable */
L 0AC.2 = 1; /* operational amplifier (AMP2) enable */
/* ___________________________________________ */
/* Initialization of D/A converter */
/* ___________________________________________ */
g----- DACEN = 1; /* supplies input clock to D/A converter */
r-—-—-- DAM.0 = 0; /* [DAMDO] D/A converter operation is Normal mode */
D: DAM.2 = 1; /* [DARESO]D/A conversion resolution is 12-bit */
L DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage is
VREFOUT */
O----- DACSWO = CDACO_52V; /* D/A conversion value setting reigster 0 */
ety /* set D/A chanell */
a: DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
Lo—_- DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */
O-e--- DACSW1 = CDACO_50V; /* D/A conversion value setting reigster 1 */
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/*
/*
/*
/*
/*
/*

{

void main(void)

DACEL = 1; /* D/A converter CH1 enable */

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

/* */

/* __________________________________ */

/* Main Loop */

/* __________________________________ */

/* */

RTCIF = 0; /* reset RCT interrupt request */

RTCMK = 0; /* enable RTC interrupt */

RTCE = 1; /* starts counter operation */

EIQ; /* enable all interrupts */

/* */

/* if system have nothing to do, go to standby for power-saving */

/* */

while (1){

HALTQ;
NOPQ);

}
_____________________________________________________________ */
Module: fn_intrtc */
Description:  RTC interruput process */
parameter: -- */
return : - */
_____________________________________________________________ */

__interrupt void fn_intrtc(void)

switch(DACSWO)
{

case CDACO_52V:
DACSWO = CDACO_54V
break;
case CDACO_54V:
default:
DACSWO = CDACO_52Vv
break;

/*
/*

/*

/*

DACO output voltage :
DACO output voltage :

DACO output voltage :

DACO output voltage :

0.52v
0.52v

0.54v

0.54v

*/
-> 0.54V */

*/

-> 0.52v */

ooooooooooono
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void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register 0 */
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO =  0b01100100; /* DMA Mode Control Register 0 */
S~/
/*| | | ++++-———- IFC3-1FCO */
/51111 [Selection of DMA start source] */
/%1111 0000:Disables DMA transfer by interrupt */
/51111 (Only software trigger is enabled.) */
7*1111 0010: INTTMOO */
/#1111 0011:INTTMO1 */
7*1111 0100: INTTMO4 */
7*1111 0101: INTTMO5 */
/111 0110: INTSTO/INTCSI00 */
/*1111 0111: INTSRO/INTCSIO1 */
/1111 1000: INTST1/INTCSI10/INTIIC10 */
/*1111 1001: INTSR1 */
7*1111 1010: INTST3 */
/*1111 1011:INTSR3 */
7*1111 1100: INTAD */
/*| | |+---—------- DWAITO */
/*111 [Pending of DMA transfer] */
/5111 0:Executes DMA transfer upon DMA start request (not held pending).
*/
/5111 1:Holds DMA start request pending if any. */
/*| | +--————-———- DSO */
/11 [Specification of transfer data size for DMA transfer] */
/7*]1 0:8bits */
/*11 1:16bits */
/¥ - DRSO */
VAd| [Selection of DMA transfer direction] */
/*| 0:SFR to internal RAM */
/*| 1:Internal RAM to SFR */
Y i STGO */
/* [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
}
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void fn_AdcDaclnit(void)

ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier, and
voltage reference */
/* ___________________________________________ */
/* Initialization of Voltage reference */
/* ___________________________________________ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/*|111+]++--- : [1]Positive reference voltage supplies selection of A/D and D/A converters
*/
/%1111 | [2]0perationcontrol of voltage reference */
41111 | [3]0utput voltage selection of voltage reference */
/51111 ] [4]0peration control of input gate voltage boost circuit for A/D converter
*/
/%1111 | [5]Relationship with the conversion mode used */
el 111
/%1111 | : 00 0 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
<1 [3]2.5 V */
/51111 | [4]Stops operation */
/#1111 | [5]Can be set in conversion mode 1 */
i 111
/%1111 | - 010 : [1]JAVREFP (external voltage reference input) */
41111 | [2]Stops operation (Hi-Z) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
<1 [5]Can be set in conversion mode 2 or 3 */
el 111
I | - 100 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.5 V */
<1111 | [4]Stops operation */
111 [51 - */
111
I | - 101 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Enables operation */
<111 [3]2.5 V */
41111 [4]Enables operation */
7“1 [5]Can be set in conversion mode 2 or 3 */
111
I | = 110 : [1]VREFOUT (voltage reference output) */
<1111 | [2]Stops operation (pull-down output) */
1111 [3]2.0 V */
51111 | [4]Enables operation */
111 [51 - */
el 111
I | = 111 : [1]VREFOUT (voltage reference output) */
/51111 | [2]Enables operation */
111 [3]2.0 V */
/51111 | [4]Enables operation */
1 [5]Can be set in conversion mode 2 or 3 */
el 111
/*|111 | : Other than the above : Setting prohibited */
1110
/% |t —t————- : Be sure to set 0000 */
/*| */
Y e : Reference voltage supply (negative side) of A/D converter selection */
/* 10 AVSS */
/* 1 : AVREFM (external voltage reference input) */
ADVRC.0 = 1; /* Enables operation */
ADVRC.1 = 1; /* Output 2.0 V */
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O----- ADPC =  0b00000000; /* A/D Port Configuration Register */
/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */
/*|1] : o ANI15/AVREFM/P157 */
/*|11 : [ AN110/P152 - ANI18/AMP2+/P150 */
/*|1] : | ||| +-+-+-+-t-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/I1l :00000:AAAAAAAAAAAAY
/*|]] 00001 :AAAAAAAAAAAD™
/I1l :00010:AAAAAAAAAADD™
/*|]] :00011:AAAAAAAAADDD */
/I1l :00100:AAAAAAAADDDD*
/*|]] :00101:AAAAAAADDDDD */
/I1l :00110:AAAAAADDDDDD *
/*|]] :00111:AAAAADDDDDDD */
/II| :01000:AAAADDDDDDDD */
/*|]] :01001:AAADDDDDDDDD */
/I :01010:AADDDDDDDDDD */
/*|]] :01111:ADDDDDDDDDDD */
/II| -:10000:DDDDDDDDDDDD */
11 i
Y e : Be sure to set 000 */

/* wait for setting time to 17msec */

O----- fn_Wait500usBase(17000/500);
/* ___________________________________________ */
/* Initialization of operational amplifier */
[ Y e e */
' PM2.1 = 1; /* input port mode (AMPOO) */
' PM2.0 = 1; /* input port mode (AMPO-) */
! PM2.2 = 1; /* input port mode (AMPO+) */
|
my PM2.4 = 1; /* input port mode (AMP10) */
! PM2.3 = 1; /* input port mode (AMP1-) */
i PM2.5 = 1; /* input port mode (AMP1+) */
]
]
' PM2.7 = 1; /* input port mode (AMP20) */
I PM2.6 = 1; /* input port mode (AMP2-) */
| PM15.0 = 1; /* input port mode (AMP2+) */
| I
PM11.0 = 1; /* input port mode (ANOO) */
| ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
o, 0AC.0 = 1; /* operational amplifier (AMPO) enable */
' 0AC.1 = 0; /* operational amplifier (AMP1) disable */
L 0AC.2 = 0; /* operational amplifier (AMP2) disable */
/* ___________________________________________ */
/* Initialization of D/A converter */
/* ___________________________________________ */
g----- DACEN = 1; /* supplies input clock to D/A converter */
r-—-—-- DAM.0 = 0; /* [DAMDO] D/A converter operation is Normal mode */
D: DAM.2 = 1; /* [DARESO]D/A conversion resolution is 12-bit */
L DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage is
VREFOUT */
O----- DACSWO = aushDacData[99]; /* D/A conversion value setting reigster 0 */
ety /* set D/A chanell */
0o DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
1
[ DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */
O----- DACSW1 = aushDacData[99]; /* D/A conversion value setting reigster 1 */

126 00oooooooooono U20228JJ1V0AN



040 0OOOOOOOO

4.8.2 OO0OOO

bobobooooobooobooboobo

0 pP7r30000OboOobOpPi2000D0DbOOOOODODO
0 Pi2o00000O0D0OOOODOODO
0 D/A0DODODOD00ODOoM0DOOOoODOn
0 OD000D0OO0DO0DO0OO0OO0OROMOORAMOODOOOODOO
O TMo4ODOODOODOOOOOoO
0 DMAOOOODOoODOODOODOODODODO
O INTPOOOODODOOOOOOO
0 Oo0ooooboooooag
0 0000o0obOooobooooooboooooo
0 DMAOODODOOOOOODOOOOODOOO
0 pP730000O0O0OCOPi200000D0O0ODODOOOOOOO
void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
- /* Port setting */
! P12.0 = 0;
o PM12.0 = 1;
' P7.3 = 0;
L—--- PM7.3 = 0;
/* INTPO pin valid edge selection */

. EGP0.0 = 1; /* Both rising and falling edges */
O EGNO.0 = 1;

Dr"" DACEL = 1; /* D/A converter CH1 enable */

Leoee DACEO = 1;

/* */

/* __________________________________ */

/* Main Loop */

/* __________________________________ */

/* */
ittt /* initialize D/Aconverter data */
IZI: for(count = 0; count<100; count++){

! ushDacData[count] = aushDacData[count];

ftoe }

D:‘““ TSOL.4 = 1; /* start TAUO CH4 */

L TMIFO4 = 0; /* reset INTTMO4 interrupt request */
O----- DMAMKO = 0; /* enable DMA CHO interrupt */
Dr““ PIFO = 0; /* reset INTPO interrupt request */

Loeo PMKO = 0; /* enable INTPO interrupt */
O----- EIQ; /* enable all interrupts */

/* */
/* if system have nothing to do, go to standby for power-saving */
/* */

r---- while (1){

D: HALTQ);
: NOPQ);
L }
}
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/* _____________________________________________________________ */
/* Module: fn_intdma0 */
/* Description:  DMA chO interruput process */
/* parameter: -- */
/* return @ —- */
/* _____________________________________________________________ */
__interrupt void fn_intdmaO(void)
r---| €
X DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
IZI: DBCO = 100; /* DMA Byte Count Register 0 */
)
' DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
oo |}
/* _____________________________________________________________ */
/* Module: fn_intp0 */
/* Description:  INTPO interruput process */
/* parameter: -- */
/* return @ —- */
/* _____________________________________________________________ */
F---- __interrupt void fn_intpO(void)
. {
o P7.3 = P12.0;
SRR
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void

fn_AdcDaclnit(void)

ADCEN = 1; /* supplies input clock to A/D converter and operational */
ADPC =  0b00000000; /* A/D Port Configuration Register */
/*|||+++++--- - Analog input (A)/digital 1/0 (D) switching */
/*|1] : o ANI15/AVREFM/P157 */
/*11 : | +=t-t-mmmm e ANI10/P152 - ANI8/AMP2+/P150 */
/*|1] : | ||| +-+-t-+-t-t+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/II]l :00000:AAAAAAAAAAAAY
/*|]] 00001 :AAAAAAAAAAAD*
/II1l :00010:AAAAAAAAAADD™*
/*|]] :00011:AAAAAAAAADDD*
/II1l :00100:AAAAAAAADDDD *
/*|]] :00101:AAAAAAADDDDD */
/II1l :00110:AAAAAADDDDDD */
/*|]] :00111:AAAAADDDDDDD */
/Il :01000:AAAADDDDDDDD */
/*||] :01001:AAADDDDDDDDD */
/II1l :01010:AADDDDDDDDDD */
/*|]] :01111:ADDDDDDDDDDD */
/II| 010000:DDDDDDDDDDDD */
el 11 4
Y e : Be sure to set 000 */
/* ___________________________________________ */
/* Initialization of operational amplifier */
/* ___________________________________________ */
PM2.1 = 1; /* input port mode (AMPOO) */
PM2.0 = 1; /* input port mode (AMPO-) */
PM2.2 = 1; /* input port mode (AMPO+) */
PM2.4 = 1; /* input port mode (AMP10) */
PM2.3 = 1; /* input port mode (AMP1-) */
PM2.5 = 1; /* input port mode (AMP1+) */
PM2.7 = 1; /* input port mode (AMP20) */
PM2.6 = 1; /* input port mode (AMP2-) */
PM15.0 = 1; /* input port mode (AMP2+) */
PM11.0 = 1; /* input port mode (ANOO) */
ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
0AC.0 = 1; /* operational amplifier (AMPO) enable */
0AC.1 = 0; /* operational amplifier (AMP1l) disable */
0AC.2 = 0; /* operational amplifier (AMP2) disable */
/* ___________________________________________ */
/* Initialization of D/A converter */
/* ___________________________________________ */
DACEN = 1; /* supplies input clock to D/A converter */
/* set D/A chanell */
DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */

DACSW1 = 2048;

/* D/A conversion value setting reigster 1 */
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void fn_Displaylnit(void)
{

/* ________________________________________ */

/* Initialization of LCD controler/driver */

/* ________________________________________ */

LCDMD = (0b00010000; /* LCD Mode Register */

/*++] |++++--- - Be sure to set 000000 */

Vil | 4

/* At : LCD drive voltage generator selection */
/* : 00 : External resistance division method */

/* - 01 : Internal voltage boosting method */

/* 10 : Capacitance split method */

/* - 11 : Setting prohibited */

SEGEN = 0b00011111; /* Segment Enable Register */

/*1111111+--- : Control segment signal output from pins SEG8-SEG1l */
/*I11111+---- : Control segment signal output from pins SEG12-SEG15 */
/1 +----- : Control segment signal output from pins SEG16-SEG19 */
/< +------ : Control segment signal output from pins SEG20-SEG23 */
/x| | +------- : Control segment signal output from pins SEG24-SEG26 */
/*|]] : 0 : segment signal output disable */

/*|]] = 1 : segment signal output enable */

711/

[* e : Be sure to set 000 */

PFALL = 0b01111111; /* Port Function Register ALL */
/*1111111+--- : Pins P50-P53 port/segment output specification */
/*111111+---- : Pins P54-P57 port/segment output specification */
/1 +----- Pins P90-P93 port/segment output specification */
/< +---—-- Pins P94-P97 port/segment output specification */
/x| | +------- Pins P100-P102 port/segment output specification */
/| | +-----——- Pins P140-P143 port/segment output specification */
[* |+ - : Pins P144-P147 port/segment output specification */
/*| : 0 : Used the pins as port (other than segment output) */

/*] = 1 : Used the pins as segment output */
/*I *
[F e : Be sure to set 0 */
ISC = 0b00000000; /* Input Switch Control Register */

operation). */

*/

*/

fn_DisplayAllClear();

/*1111111+--- : Switching external interrupt (INTPO) input */
/%111 = 0 - Uses the input signal of the INTPO pin as an external interrupt (normal

/4111 = 1 : Uses the input signal of the RXD3 pin as an external interrupt */
VA (to measure the pulse widths of the sync break field and sync field). */
S =/

/*|11111+---- : ISC1 Switching channel 7 input of timer array unit TAUS */

/*11111] : 0 : Uses the input signal of the TIO7 pin as a timer input (normal operation).
/%1111 : 1 : Input signal of RXD3 pin is used as timer input (wakeup signal detection).
SN >/

/1 +----- : RxD3/SEG53/P50 pin schmitt-triggered buffer control */

/*1111]1 : 0 : Disables input */

/*I111] : 1 : Enables input */

1111 4

/) +------ : T102/SEG51/P52 pin schmitt-triggered buffer control */

/*|11l : 0 : Disables input */

/*|111 : 1 : Enables input */

111

/x| | +------- : TI104/SEG50/P53 pin schmitt-triggered buffer control */

/%11l : 0 : Disables input */

/*||] : 1 : Enables input */

e 11 i

Y A : Be sure to set 000 */

/* clear all LCD String area */
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LCDCO = 0b00110011; /* LCD Clock Control Register */
/*| 111 ]+++--- - LCD clock (LCDCL) selection */
/*|111] : 000 : fLCD/274 */
/4I111] : 001 : fLCD/275 */
/*I111] : 010 : fLCD/276 */
<1 - 011 : fLCD/277 */
/*I111] : 100 : fLCD/2"8 */
41 - 101 - fLCD/279 */
/*|111] : Other than above : Setting prohibited */
S 7
/x| | 4= : Be sure to set 000 */
7~ || */
/* - : LCD source clock (fLCD) selection */
/* 200 : fSUB */
/* 1 01 : fCLK/276 */
/* 210 : fCLK/2\7 */
/* 111 : fCLK/278 */
VLCD = OxO0A; /* set LCD boost level to 5V */
/* wait for the reference voltage setup time (2ms(min.)) */
fn_Wait500usBase (2000/500) ;
LCDM =  0b00100111; /* LCD Display Mode Register */
/*| 111 1+++--- - LCD controller/driver display mode selection */
/11111 *When the external resistance division method is used */
/111l : 000 : Four-time-slice mode & 1/3 bias method */
/%1111l : 001 : Three-time-slice mode & 1/3 bias method */
Il : 010 : Two-time-slice mode & 1/2 bias method */
/%1111l : 011 : Three-time-slice mode & 1/2 bias method */
/1111l : 100 : Static */
/%1111l : 111 : Eight-time-slice mode & 1/4 bias method */
X1/
/11111 *When the internal voltage boosting method is used */
/111l : 000 : Four-time-slice mode & 1/3 bias method */
/%1111l : 001 : Three-time-slice mode & 1/3 bias method */
/111l : 010 : Four-time-slice mode & 1/3 bias method */
/%1111l : 011 : Four-time-slice mode & 1/3 bias method */
/111l : 100 : Setting prohibited */
/%1111l : 111 : Eight-time-slice mode & 1/4 bias method */
X1/
/#1111 *When the capacitor split method is used */
/111l : 000 : Four-time-slice mode & 1/3 bias method */
/%1111l : 001 : Three-time-slice mode & 1/3 bias method */
/111l : 010 : Four-time-slice mode & 1/3 bias method */
/%1111l : 011 : Four-time-slice mode & 1/3 bias method */
/111l : 100 : Setting prohibited */
/%1111l : 111 : Four-time-slice mode & 1/3 bias method */
X1/
/*11111 : Other than above : Setting prohibited
X1/
/¥ | ++------ : LCD display data area control */
/*|1l : 0 0 : Display the data of an A pattern area */
/5111 (lower 4 bits of LCD display data memory) */
/*|1l : 01 : Display the data of an A pattern area */
/5111 (higher 4 bits of LCD display data memory) */
/*|1l : 1 0 : Display the data of an A pattern area and the B pattern area in turn. */
/5111 (The on and off light indication which synchronized */
/111 in a constant-period interrupt timing of RTC) */
/*|1l : 11 : Display the data of an A pattern area and the B pattern area in turn. */
VAl (The on and off light indication which synchronized */
/5111 in a constant-period interrupt timing of RTC) */
i 11
/*||+-------- : Voltage boost circuit and capacitor split circuit operation
enable/disable */
/*|] : 0 : Stops voltage boost circuit and capacitor split circuit operation */
/*|] : 1 : Enables voltage boost circuit and capacitor split circuit operation */
/*|| */
Y : LCD display enable/disable */
/* 1 00 : Output ground level to segment/common pin */
/* 1 01 : Display off (all segment outputs are deselected.) */
/* 1 10 : Output ground level to segment/common pin */
/* - 11 : Display on */
/* software to wait for the operation stabilization time (over 500ms) */
fn_Wait500usBase(500000/500);
SCoC = 1; /* output deselect level to SEG and LCD waveform to COM */
LCDON = 1; /* display on */
3
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o T™Mo4OTMO6O OO DO ODOODOO
0 ODOoOooooLebobooooog
void main(void)
unsigned short ushCount; /* Pulse counter */
0----- DACEL = 1; /* D/A converter CH1 enable */
ushCount = 0;
/* */
Y £ */
/* Main Loop */
Y £ */
/* */
/* */
/* if system have nothing to do, go to standby for power-saving */
/* */
while (1){
_____ TSOL.6 = 1; /* start TAUO CH6 (pulse counter) */
| TSOL.4 = 1; /* start TAUO CH4 (interval timer) */
a; TMIFO4 = 0; /* clear interval timer request */
| I
T while(TMIFO4 == 0){ /* wait interval */
0! NOPQ);
Lo
Q--nn- ushCount = TCRO6; /* get pulse count */
D:‘“" TTOL.6 = 1; /* stop TAUO CH6 (pulse counter)*/
L TTOL.4 = 1; /* stop TAUO CH4 (interval timer) */
or ushCount = OxFFff - ushCount; /* get pulse count */
R fn_Display(ushCount); /* display pulse count */
}
}

134
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void fn_AdcDaclnit(void)
{

O----- ADCEN = 1; /* supplies input clock to A/D converter and operational */
O----- ADPC =  0b00000000; /* A/D Port Configuration Register */
/*| | |+++++--- : Analog input (A)/digital 1/0 (D) switching */
/*|1] : o ANI15/AVREFM/P157 */
/*11 : | +=t-t-mmmm e ANI10/P152 - ANI8/AMP2+/P150 */
/*|1] : | |1 | +-+—+-+-+-+—+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/II]l :00000:AAAAAAAAAAAAY
/*|]] 00001 :AAAAAAAAAAAD*
/II1l :00010:AAAAAAAAAADD™*
/*|]] :00011:AAAAAAAAADDD*
/II1l :00100:AAAAAAAADDDD *
/*|]] :00101:AAAAAAADDDDD */
/*I1] :00110:AAAAAADDDDDD*
/*|]] :00111:AAAAADDDDDDD */
/Il :01000:AAAADDDDDDDD */
/*||] :01001:AAADDDDDDDDD */
/*I|] :01010:AADDDDDDDDDD *
/*|]] :01111:ADDDDDDDDDDD */
/II| 010000:DDDDDDDDDDDD */
11 i
Y e : Be sure to set 000 */
/* ___________________________________________ */
/* Initialization of operational amplifier */
/* ___________________________________________ */
it PM2.1 = 1; /* input port mode (AMPOO) */
' PM2.0 = 1; /* input port mode (AMPO-) */
! PM2.2 = 1; /* input port mode (AMPO+) */
]
' PM2.4 = 1; /* input port mode (AMP10) */
D: PM2.3 = 1; /* input port mode (AMP1-) */
! PM2.5 = 1; /* input port mode (AMP1+) */
1
' PM2.7 = 1; /* input port mode (AMP20) */
! PM2.6 = 1; /* input port mode (AMP2-) */
! PM15.0 = 1; /* input port mode (AMP2+) */
1
1
L---- PM11.0 = 1; /* input port mode (ANOO) */
-
' ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
D: 0AC.0 = 1; /* operational amplifier (AMPO) enable */
! OAC.1 = 0; /* operational amplifier (AMP1) disable */
L 0AC.2 = 0; /* operational amplifier (AMP2) disable */
/* ___________________________________________ */
/* Initialization of D/A converter */
/* ___________________________________________ */
g----- DACEN = 1; /* supplies input clock to D/A converter */
it /* set D/A chanell */
Y DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal mode */
Lo——- DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */
O----- DACSW1 = 1365; /* D/A conversion value setting reigster 1 */

/* ANO1 = 1V (1/3 * 2712) */
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void fn_Displaylnit(void)
{

/* ________________________________________ */

/* Initialization of LCD controler/driver */

/* ________________________________________ */

LCDMD = (0b00010000; /* LCD Mode Register */

/*++] |++++--- - Be sure to set 000000 */

Vil | 4

/* At : LCD drive voltage generator selection */
/* : 00 : External resistance division method */

/* - 01 : Internal voltage boosting method */

/* 10 : Capacitance split method */

/* - 11 : Setting prohibited */

SEGEN = 0b00011111; /* Segment Enable Register */

/*1111111+--- : Control segment signal output from pins SEG8-SEG1l */
/*I11111+---- : Control segment signal output from pins SEG12-SEG15 */
/1 +----- : Control segment signal output from pins SEG16-SEG19 */
/< +------ : Control segment signal output from pins SEG20-SEG23 */
/x| | +------- : Control segment signal output from pins SEG24-SEG26 */
/*|]] : 0 : segment signal output disable */

/*|]] = 1 : segment signal output enable */

711/

[* e : Be sure to set 000 */

PFALL = 0b01111111; /* Port Function Register ALL */
/*1111111+--- : Pins P50-P53 port/segment output specification */
/*111111+---- : Pins P54-P57 port/segment output specification */
/1 +----- Pins P90-P93 port/segment output specification */
/< +---—-- Pins P94-P97 port/segment output specification */
/x| | +------- Pins P100-P102 port/segment output specification */
/| | +-----——- Pins P140-P143 port/segment output specification */
[* |+ - : Pins P144-P147 port/segment output specification */
/*| : 0 : Used the pins as port (other than segment output) */

/*] = 1 : Used the pins as segment output */
/*I *
[F e : Be sure to set 0 */
ISC = 0b00000000; /* Input Switch Control Register */

operation). */

*/

*/

fn_DisplayAllClear();

/*1111111+--- : Switching external interrupt (INTPO) input */
/%111 = 0 - Uses the input signal of the INTPO pin as an external interrupt (normal

/4111 = 1 : Uses the input signal of the RXD3 pin as an external interrupt */
VA (to measure the pulse widths of the sync break field and sync field). */
S =/

/*|11111+---- : ISC1 Switching channel 7 input of timer array unit TAUS */

/*11111] : 0 : Uses the input signal of the TIO7 pin as a timer input (normal operation).
/%1111 : 1 : Input signal of RXD3 pin is used as timer input (wakeup signal detection).
SN >/

/1 +----- : RxD3/SEG53/P50 pin schmitt-triggered buffer control */

/*1111]1 : 0 : Disables input */

/*I111] : 1 : Enables input */

1111 4

/) +------ : T102/SEG51/P52 pin schmitt-triggered buffer control */

/*|11l : 0 : Disables input */

/*|111 : 1 : Enables input */

111

/x| | +------- : TI104/SEG50/P53 pin schmitt-triggered buffer control */

/%11l : 0 : Disables input */

/*||] : 1 : Enables input */

e 11 i

Y A : Be sure to set 000 */

/* clear all LCD String area */
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| I

LCDCO = 0b00110011; /* LCD Clock Control Register */
/*| 111 ]+++--- - LCD clock (LCDCL) selection */
/*|111] : 000 : fLCD/274 */
/4I111] : 001 : fLCD/275 */
/*I111] : 010 : fLCD/276 */
<1 - 011 : fLCD/277 */
/*I111] : 100 : fLCD/2"8 */
41 - 101 - fLCD/279 */
/*|111] : Other than above : Setting prohibited */
S 7
/x| | 4= : Be sure to set 000 */
7~ || */
/* - : LCD source clock (fLCD) selection */
/* 200 : fSUB */
/* 1 01 : fCLK/276 */
/* 210 : fCLK/2\7 */
/* 111 : fCLK/278 */
VLCD = OxO0A; /* set LCD boost level to 5V */
/* wait for the reference voltage setup time (2ms(min.)) */
fn_Wait500usBase (2000/500) ;
LCDM =  0b00100111; /* LCD Display Mode Register */
/*| 111 1+++--- - LCD controller/driver display mode selection */
/11111 *When the external resistance division method is used */
/111l : 000 : Four-time-slice mode & 1/3 bias method */
/%1111l : 001 : Three-time-slice mode & 1/3 bias method */
Il : 010 : Two-time-slice mode & 1/2 bias method */
/%1111l : 011 : Three-time-slice mode & 1/2 bias method */
/1111l : 100 : Static */
/%1111l : 111 : Eight-time-slice mode & 1/4 bias method */
X1/
/11111 *When the internal voltage boosting method is used */
/111l : 000 : Four-time-slice mode & 1/3 bias method */
/%1111l : 001 : Three-time-slice mode & 1/3 bias method */
/111l : 010 : Four-time-slice mode & 1/3 bias method */
/%1111l : 011 : Four-time-slice mode & 1/3 bias method */
/111l : 100 : Setting prohibited */
/%1111l : 111 : Eight-time-slice mode & 1/4 bias method */
X1/
/#1111 *When the capacitor split method is used */
/111l : 000 : Four-time-slice mode & 1/3 bias method */
/%1111l : 001 : Three-time-slice mode & 1/3 bias method */
/111l : 010 : Four-time-slice mode & 1/3 bias method */
/%1111l : 011 : Four-time-slice mode & 1/3 bias method */
/111l : 100 : Setting prohibited */
/%1111l : 111 : Four-time-slice mode & 1/3 bias method */
X1/
/*11111 : Other than above : Setting prohibited
X1/
/¥ | ++------ : LCD display data area control */
/*|1l : 0 0 : Display the data of an A pattern area */
/5111 (lower 4 bits of LCD display data memory) */
/*|1l : 01 : Display the data of an A pattern area */
/5111 (higher 4 bits of LCD display data memory) */
/*|1l : 1 0 : Display the data of an A pattern area and the B pattern area in turn. */
/5111 (The on and off light indication which synchronized */
/111 in a constant-period interrupt timing of RTC) */
/*|1l : 11 : Display the data of an A pattern area and the B pattern area in turn. */
VAl (The on and off light indication which synchronized */
/5111 in a constant-period interrupt timing of RTC) */
i 11
/*||+-------- : Voltage boost circuit and capacitor split circuit operation
enable/disable */
/*|] : 0 : Stops voltage boost circuit and capacitor split circuit operation */
/*|] : 1 : Enables voltage boost circuit and capacitor split circuit operation */
/*|| */
Y : LCD display enable/disable */
/* 1 00 : Output ground level to segment/common pin */
/* 1 01 : Display off (all segment outputs are deselected.) */
/* 1 10 : Output ground level to segment/common pin */
/* - 11 : Display on */
/* software to wait for the operation stabilization time (over 500ms) */
fn_Wait500usBase(500000/500);
SCoC = 1; /* output deselect level to SEG and LCD waveform to COM */
LCDON = 1; /* display on */
3
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void main(void)

unsigned short
unsigned short

count; /*
*pMeasure; /*

counter for initializing D/A convert data */
pointer for measuring data */

*/

*/

DACEL = 1; /* D/A converter CH1 enable */
ucMeasureStatus = 0; /* measuring status */

/* */

/* __________________________________ */

/* Main Loop */

/* __________________________________ */

/* */

PM7.1 = 1; /* set R_REF HiZ(disconnect) */
PM7.2 = 1; /* set R_REF HiZ(disconnect) */
EIQ; /* enable all interrupts */
fn_Display(0, 0); /* initial display */

/>

/* if system have nothing to do, go to standby for power-saving */
/>

while (1){

switch(ucMeasureStatus){

case 0:

/*

DACSW1 = 1365; /*

/*

P7.0 = 1;

PM7.0 = 0; /*
NOP();

NOP();

NOP();

NOP();

NOP();

NOPQ); /*
PM7.0 = 1; /*
P7.1 = 0;

PM7.1 = 0; /*
TSOL.6 = 1; /*
TMIFO6 = O; /*
while(TMIFO6 == 0);
ushR_REF1 = TDRO6;
TTOL.6 = 1;

PM7.1 = 1;

ucMeasureStatus = 1;

break;

measuring status */

/* R_REF1 */
D/A conversion value setting reigster 1 */
ANO1 = 1V (1/3 * 2"12) */

charge CAPACITOR */

wait charge complete */
end charge */

set R_REF low(start discharge) */
start TIMERO6 */
clear measure end */
/* wait measure end */
/* get measuring data */
/* stop TAUO CH6 */
/* set R_REF HiZ(stop discharge) */

/* set R_REF2 measure */
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case

case

case

1: /*
DACSW1 = 2730; /*

/*
P7.0 = 1;
PM7.0 = 0; /*
NOP();
NOP();
NOP();
NOP();
NOPQ);
NOP(); /*
PM7.0 = 1; /*
P7.1 = 0;
PM7.1 = 0; /*
TSOL.6 = 1; /*
TMIFO6 = 0; /*

while(TMIFO6 == 0);
ushR_REF2 = TDRO6;
TTOL.6 = 1;
PM7.1 = 1;

ucMeasureStatus = 2;
break;

2: /*
DACSW1 = 1365; /*

/*
P7.0 = 1;
PM7.0 = 0; /*
NOP();
NOP();
NOP();
NOP();
NOP();
NOPQ); /*
PM7.0 = 1; /*
P7.2 = 0;
PM7.2 = 0; /*
TSOL.6 = 1; /*
TMIFO6 = 0; /*

while(TMIFO6 == 0);
ushR_TH1 = TDRO6;
TTOL.6 = 1;

PM7.2 = 1;

ucMeasureStatus = 3;
break;

3: /*
DACSW1 = 2730; /*

/*
P7.0 = 1;
PM7.0 = 0; /*
NOPQ);
NOPQ);
NOPQ);
NOP();
NOPQ);
NOPQ); /*
PM7.0 = 1; /*
P7.2 = 0;
PM7.2 = 0; /*
TSOL.6 = 1; /*
TMIFO6 = 0; /*

while(TMIFO6 == 0);
ushR_TH2 = TDRO6;
TTOL.6 = 1;

PM7.2 = 1;

R_REF2 */
D/A conversion value setting reigster 1 */
ANO1 = 2V (2/3 * 2"12) */

charge CAPACITOR */

wait charge complete */
end charge */

set R_REF low(start discharge) */
start TIMERO6 */
clear measure end */
/* wait measure end */
/* get measuring data */
/* stop TAUO CH6 */
/* set R_REF HiZ(stop discharge) */

/* set R_TH1 measure */

R_THL */
D/A conversion value setting reigster 1 */
ANO1 = 1V (1/3 * 2712) */

charge CAPACITOR */

wait charge complete */
end charge */

set R_TH low(start discharge) */
start TIMERO6 */
clear measure end */
/* wait measure end */
/* get measuring data */
/* stop TAUO CH6 */
/* set R_TH HiZ(stop discharge) */

/* set R_TH2 measure */

R_TH2 */
D/A conversion value setting reigster 1 */
ANOL = 2V (2/3 * 2712) */

charge CAPACITOR */

wait charge complete */
end charge */

set R_TH low(start discharge) */
start TIMERO6 */
clear measure end */
/* wait measure end */
/* get measuring data */
/* stop TAUO CH6 */
/* set R_TH HiZ(stop discharge) */

/* display R_TH,R_REF data to LCD */
fn_Display((ushR_REF1 - ushR_REF2), (ushR_TH1 - ushR_TH2));

ucMeasureStatus = 0;

/* set R_REF1 measure */
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000000000000 0000000000000000000
(1) 0ooooOoo

e main.c

/*
* 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

*/

* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

#pragma interrupt INTDMAO fn_intdmaO RB1

r* */
/* Include files
*/
* */
/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */
#define CCKOO_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */

154 00o0oooooooono U20228JJ1VOAN



OOA ODOOODODOODOO

r* */

/* Function prototyps

*/
r* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
*/
void fn_InitPort(void); /* Setting of 1/0
ports */
void fn_InitTauO(void); /* Setting of Timer
array unit 0 */
void fn_InitLvi(void); / Setting of
Low-voltage detectior */
void fn_InitVr(void); /* Setting of
Voltage reference */
void fn_AdcDaclnit(void); /* Setting of D/A converter */
void fn_Dmalnit(void); /* Setting of DMA
controler */
I* */
/* Extern variables/constants
*/
r* */
* */
/* Local constants
*/
* */
r* */
/* Global variables
*/
/* */
* */
/* Local variables
*/
* */
/* */
/* Code
*/
* */
/
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D/A output data

*/

static unsigned short ushDacData[100];

const unsigned short aushDacData[100] = {

/*

156

204,
217,
230,
243,
255,
268,
280,
292,
303,
314,
325,
335,
345,
354,
362,
370,
377,
384,
390,
395,
399,
403,
406,
408,
409,
409,
409,
408,
406,
403,
399,
395,
390,
384,
377,
370,

/"0

/"1

/*2

r*3

/"4

"5

"6

"7

/*8

9

/*10
11
/" 12
/" 13
/*14
/*15
/*16
17
/*18
*19
/*20
/21
[* 22
/* 23
/" 24
/* 25
* 26
*27
/*28
/* 29
/* 30
31
/* 32
/* 33
/*34
/* 35

/* D/A data for DMA */
/* defined D/A data */
/*n sin(0.2pi*n/1024) */
0.100000 */
0.106279 */
0.112533 */
0.118738 */
0.124869 */
0.130902 */
0.136812 */
0.142578 */
0.148175 */
0.153583 */
0.158779 */
0.163742 */
0.168455 */
0.172897 */
0.177051 */
0.180902 */
0.184433 */
0.187631 */
0.190483 */
0.192978 */
0.195106 */
0.196858 */
0.198229 */
0.199211 */
0.199803 */
0.200000 */
0.199803 */
0.199211 */
0.198229 */
0.196858 */
0.195106 */
0.192978 */
0.190483 */
0.187631 */
0.184433 */
0.180902 */
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362,
354,
345,
335,
325,
314,
303,
292,
280,
268,
255,
243,
230,
217,
204,
191,
179,
166,
153,
141,
129,
117,
106,

/* 36
/* 37
/* 38
/* 39
/* 40
/41
/* 42
/* 43
/* 44
/* 45
/* 46
/* 47
/* 48
/* 49
/* 50
/* 51
/* 52
/* 53
/* 54
/* 55
/* 56
/* 57
/* 58
/* 59
/* 60
/* 61
/* 62
/63
/* 64
/* 65
/* 66
I 67
/* 68
/* 69
/* 70
/71
/72
/73
/74
/75
/* 76
/77
/78
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0.177051 */
0.172897 */
0.168455 */
0.163742 */
0.158779 */
0.153583 */
0.148175 */
0.142578 */
0.136812 */
0.130902 */
0.124869 */
0.118738 */
0.112533 */
0.106279 */
0.100000 */
0.093721 */
0.087467 */
0.081262 */
0.075131 */
0.069098 */
0.063188 */
0.057422 */
0.051825 */
0.046417 */
0.041221 */
0.036258 */
0.031545 */
0.027103 */
0.022949 */
0.019098 */
0.015567 */
0.012369 */
0.009517 */
0.007022 */
0.004894 */
0.003142 */
0.001771 */
0.000789 */
0.000197 */
0.000000 */
0.000197 */
0.000789 */
0.001771 */
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6, /%79 0.003142 */
10, /* 80 0.004894 */
14, /* 81 0.007022 */
19, /* 82 0.009517 */
25, /* 83 0.012369 */
31, /* 84 0.015567 */
39, /* 85 0.019098 */
47, /* 86 0.022949 */
55, /* 87 0.027103 */
64, /* 88 0.031545 */
74, /* 89 0.036258 */
84, /* 90 0.041221 */
95, /* 91 0.046417 */

1086, /* 92 0.051825 */
117, /* 93 0.057422 */
129, /* 94 0.063188 */
141, /* 95 0.069098 */
153, /* 96 0.075131 */
166, /* 97 0.081262 */
179, /* 98 0.087467 */
191, /* 99 0.093721 */
204 /100 0.100000 */

|3

I */

/* Hardware initialization
*/
r* */
void hdwinit(void)
{

DI(); /* disable all interrupts */
r* */

r* Initialization of port */

r* */

fn_InitPort();

I* */

A Initialization of clock */

r* */

CMC= 0b01010011; /* Clock Operation Mode Control Register */

||ll|[l+--- : Control of high-speed system clock oscillation frequency */
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NIz 0: 2 MHz <= fMX <= 10 MHz */

MUz 1 10 MHz < fMX <= 20 MHz */

111111t

/*|||||++---- : XT1 oscillator oscillation mode selection */
/|I|| : 0 0 : Low-consumption oscillation */

/||l : 0 1 : Normal oscillation */

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

Il x =don't care */

1111

F|]]+=----- : Be sure to set 0 */

P

/|| 4------- : [1] Subsystem clock pin operation mode */
Al [2] XT1/P123 pin and XT2/P124 pin */
/|| - 0 : [1]Input port mode */

Al [2]Input port */

||t

/|| = 1 : [1]XT1 oscillation mode */

Al [2]Crystal resonator connection */

||

PAl | R : Be sure to set 0 */

s

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

r* [B1X2/EXCLK/P122 pin */

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

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

**

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

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

/*:1 0 :[1]Input port mode */

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

**

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

MSTOP = 0; /* X1 oscillator operating */
XTSTOP = 0; /* XT1 oscillator operating */
OSMC = 0b00000001; /* Operation Speed Mode Control Register */

|I|||++--- : fCLK frequency selection */

Il : 0 0 : Operates at a frequency of 10 MHz or less. */
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Il : 0 1 : Operates at a frequency higher than 10 MHz. */
Il : 1 0 : Operates at a frequency of 1 MHz. */

1111

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

7%/

[*mmmmnmnnnn : 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) */
/ 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. */
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) */
/|]:00x000:fHY
/*||:00x001:fIH/2 (default) */
/1]:00x010:fIH2r2 ¥/
F1]1:00x011:fIH2A3 %/
F1]1:00x100:flH/2/ */
F1]:00x101:flH2n5
F1:01x000:fMX */
/1]1:01x001:fMX/2*
F1]:01x010:fMX/282 */
F1]:01x011:fMX/283 ¥/
F1]:01x100:fMX/274 */
F1:01x101:fMX/285 */
]:1x0xxx:fSUB*/

M1 x1xxx:fSUB/2*/

/*| | : Other than above : Setting prohibited */
/*|| x=don't care */

|
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[*mmmmnmmee- : 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 */
/|l : 000 : 278/fX */

001 :279/X */

Il 010:2M0/MX ¥/

P01 1 284X Y

Il :100:2M3/X ¥/

Ml 2101 :2M5/8X */

Ml :110:2M7/4X

P11 2M8/48X Y

Tl

[* - : Be sure to set 000000 */
/* */
/* Initialization of timer */
/* */

fn_InitTau0();
/* software to wait for the operation stabilization time */
/* (over 200ms from when XT1 enable) */

fn_Wait500usBase(200000/500);

r* */

/* Initialization of low-voltage detector */

/* */
fn_InitLvi();
/* */
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/* Initialization of A/D,D/A,OPAmMp */

/*

fn_AdcDaclnit();

*/

r* */
/* Initialization of DMA */
r* */
fn_Dmalnit();
El(); /* enable all interrupts */
}
/* */
/* Module: fn_InitPort
*/
/* Description: Setting of 1/0O ports */
A parameter: --
*/
I return = --
*/
r* */
void fn_InitPort(void)
{
* */
A Ports configuration for digital input and output */
/* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||[+++++--- : Analog input (A)/digital I/O (D) switching */
- + ANI15/AVREFM/P157 */
A | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]| +-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

/l:00000:AAAAAAAAAAAAY
Fl:00001:AAAAAAAAAAAD?Y
Fl:00010:AAAAAAAAAADDY
/Il:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD
/Il:00110:AAAAAADDDDDD?Y
/Il:00111:AAAAADDDDDDD?*
/l:01000:AAAADDDDDDDD?*
/l:01001:AAADDDDDDDDDY
/Il:01010:AADDDDDDDDDDY
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/ll:01111:ADDDDDDDDDDDY
/Il:10000:DDDDDDDDDDDDY

||l
[ mmmmee- : Be sure to set 000 */
*/
Setting of Port 0
*/
*/
PO = 0b00000000; /* Set P0O0-P02 Output latch to Low */
PMO=  0b11111000; /* Set PO0-PO2 to output port */
/* P0O0-P02:Unused */
*/
Setting of Port 1
*/
*/
P1= 0b00000000; /* Set P10-P17 Output latch to Low */
PM1 = 0b0000000O0; /* Set P10-P17 to output port */
/* P10-P15:Unused */
*/
Setting of Port 2
*/
*/
P2 = 0b00000000; /* Set P20-P27 Output latch to Low */
PM2 = Ob11111111; /* Set P20-P27 to input port */
/* P20-P27:Unused */
*/
Setting of Port 3
*/
*/
P3 = 0b00001100; /* Set P30-P31,P34 Output latch to Low */
/* Set P33,P32 Output latch High */
PM3=  0b11100000; /* Set P30-P34 to output port */
/* P30-P34:Unused */
*/
Setting of Port 4
*/
*/
P4 = 0b00000000; /* Set P40-P41 Output latch to Low */

00oooooooooono U20228JJ1V0AN

163



OOA ODOOODODOODOO

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

164

PM4 =

Ob11111100;

/* Set P40-P41 to output port */
/* P40-P41:Unused */

*/

Setting of Port 5

*/

P5 =
PM5 =

0b00000000;
Ob11110000;

*/

/* Set P50-P57 Output latch to Low */

/* Set P50-P57 to output port */

/* P50-P57:Unused */

*/

Setting of Port 6

*/

*/

P6 =
PM6 =

0b00000000;
Ob11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

Setting of Port 7

*/

*/

*/

P7 =
PM7 =

0b00000000;
0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8

*/

P8 =
PM8 =

0b00000000;
0b00000000;

*/

/* Set P80-P88 Output latch to Low */

/* Set P80-P88 to output port */

/* P80-P88:Unused */

*/

Setting of Port 9

*/

*/

P9 =
PM9 =

0b00000000;
0b00000000;

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

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

*/

Setting of Port 10

*/

*/

P10 =
PM10 =

0b00000000;
0b11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */
/* P100-P102:Unused */

*/

Setting of Port 11

*/

*/
P11 = 0b00000000;
PM11 = 0b11111100;

/* Set P110-P111 Output latch to Low */
/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12

*/

P12 =
PM12 =

0b00000000;
Ob11111110;

*/

/* Set P120 Output latch to Low */

/* 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;
PM14 = 0b00000000;

/* Set P140-P147 Output latch to Low */
/* Set P140-P147 to output port */
/* P140-P147:Unused */

*/

Setting of Port 15

*/
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/*

*/

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */

P15 = 0b00000000;
PM15= O0b11111111;
}
/*
/* Module: fn_InitTau0

/* Description:

*/

*/

Setting of Timer array unit 0

/ parameter: --

/* return

/*

*/

*/

*/

void fn_InitTauO(void)

TAUOEN = 1;
TPSOL = 0b00000010;

/*|||++++--- : Selection of operation clock (CK0O0) */
[++++
/*:
/*:
/*:
[
Tl
/*:
/*:
/*:
/*:
[
[
/*:
/*:
/*:
/*:
[

/*

/* CH1:for wait */

TMRO1 = 0b0000000000000000;

166

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

/* Timer Clock Select Register 0 */

0000:
0001:
0010:
0011:
0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

*/

/* supplies input clock to timer array unit 0 */

: Selection of operation clock (CK01) */

CKOm = fCLK */
CKOm = fCLK/2 */
CKOm = fCLK/2/2 */
CKOm = fCLK/2/3 */
CKOm = fCLK/2/4 */
CKOm = fCLK/275 */
CKOm = fCLK/276 */
CKOm = fCLK/2~7 */
CKOm = fCLK/278 */
CKOm = fCLK/2/9 */
CKOm = fCLK/2A0 */
CKOm = fCLK/27M1 %/
CKOm = fCLK/27M2 ¥/
CKOm = fCLK/27M3 */
CKOm = fCLK/274 */
CKOm = fCLK/2/15 */

m=0,1%
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NN [2]Count operation of TCR */

NN [3]Independent operation */

NN [4]Setting of starting counting and interrupt */

NN = 000 0 : [1]Interval timer mode */

I [2]Counting down */

I [3]Possible */

0NN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */

I =7

U = 000 1 : [1]Interval timer mode */

I [2]Counting down */

I [3]Possible */

0NN [4]Timer interrupt is generated when counting is started */
ZNNHINI (timer output also changes). */

I =

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

N [2]Counting up */

I [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
SN0 (timer output does not change, either). */

ZIINIE=7

ZNIINNI = 0 1 0 1 : [1]Capture mode */

NI [2]Counting up */

T [3]Possible */

SN0 [4]Timer interrupt is generated when counting is started */
NI (timer output also changes). */

111111

NN = 011 0 : [1]Event counter mode */

I [2]Counting down */

T [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
ZUNINNINI (timer output does not change, either). */

7

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

ZHINNNN [2]Counting down */

I [3limpossible */

NN [4]Start trigger is invalid during counting operation. */
ZNIIITIT At that time, interrupt is not generated, either. */
111111

SN = 100 1 : [1]One-count mode */
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I [2]Counting down */

T [3]impossible */

NN [4]Start trigger is valid during counting operation. */

NN At that time, interrupt is also generated. */

ZINIE=7

NI = 1100 : [1]Capture & one-count mode */

NI [2]Counting up */

T [3]Possible */

ZNNIITHT [4]Timer interrupt is not generated when counting is started
*/

ZNINIIN (timer output does not change, either). */

NI Start trigger is invalid during counting operation. */

NN At that time interrupt is not generated, either. */

=

NN = Other than above : Setting prohibited */

=7

T : Be sure to set 00 */

ZIE

T : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTCH1
valid edge */

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

register). */
Il : 00 : Falling edge */
NNl : 0 1 : Rising edge */

NI = 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) */

NI Start trigger: Rising edge, Capture trigger: Falling edge */

FINE

P +++---mmm--- : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

unselected). */

Il : 0 01 : Valid edge of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is
used as both the start trigger and capture trigger. */

||ll] : 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1
are used as a start trigger and a capture trigger. */

| : 1 00 : Interrupt signal of the master channel is used (when the channel is
used as a slave channel with the combination operation function). */

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

1111t

||| 4-=mmm e : Selection of slave/master of channel 1 */

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

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

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

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/*|| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1

Al (the timer input used with channel 1 is selected by using TISO register).
||t

[¥|pmmmmmmmm e : Be sure to set 00 */

%/

[Fmmmmmmmmm e : Selection of operation clock (MCK) of channel 1 */

/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO1 = CCKO0_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */

/* CH4:for DMA */

TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
HNHN++++--- : [1]Operation mode of channel 4 */
NN [2]Count operation of TCR */
ZNNHITIN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NI = 000 0 : [1]Interval timer mode */
I [2]Counting down */
T [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
ZINIE=7
NN : 000 1 : [1]Interval timer mode */
NN [2]Counting down */
I [3]Possible */
ZHINNNN [4]Timer interrupt is generated when counting is started */
ZANITT (timer output also changes). */
ZIINIE7
SN = 0100 : [1]Capture mode */
T [2]Counting up */
I [3]Possible */
NN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */
ZITNIE=7
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*/

*/

valid edge */

register). */

170

ZNINNT: 0 10 1 : [1]Capture mode */

T [2]Counting up */

T [3]Possible */

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

ZIINIE7

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

ZHINNNN [2]Counting down */

T [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINNIIN (timer output does not change, either). */

I =

NN : 1000 : [1]One-count mode */

ZHINNNN [2]Counting down */

T [3limpossible */

ZNININ [4]Start trigger is invalid during counting operation. */
ZNINIIN At that time, interrupt is not generated, either. */
=

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

NN [2]Counting down */

T [3limpossible */

NN [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

=

ZNINNT =1 100 : [1]Capture & one-count mode */

I [2]Counting up */

T [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
=

NN = Other than above : Setting prohibited */

ZIINE=7

I S : Be sure to set 00 */

111111117

P +=mmmemee : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 4 is selected by using TISO
I : 00 : Falling edge */

00oooooooooono U20228JJ1V0AN



OOA ODOOODODOODOO

unselected). */

NI :0 1 : Rising edge */

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

I Start trigger: Falling edge, Capture trigger: Rising edge */

NI = 1 1 : Both edges (when high-level width is measured) */

I Start trigger: Rising edge, Capture trigger: Falling edge */

1111111

L : Setting of start trigger or capture trigger of channel 4 */

2l : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 0 1: Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

/|lll : 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

*/

*/

/*|IIl] : Other than above : Setting prohibited */

P

[*||||4--m=mmmm e : Selection of slave/master of channel 4 */

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

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

||

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

/*|| : 0 : Operation clock MCK specified by CKS04 bit */

/*|| : 1 : Valid edge of input signal input from T104 pin, fSUB/2, fSUB/4, or INTRTC1

Al (the timer input used with channel 4 is selected by using TISO register).
||l
Ja B e : Be sure to set 00 */
7%/
[ pmmmmmmm e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO04 = 200; /* set interval time to 10us(=0.05us * 200) */
TMMKO4 = 1; /* disable interrupt */
}
* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
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/*

/*

/*

parameter: --

return  : --

void

*/

172

fn_InitLvi(void)

unsigned short

*/
*/
*/
loop; /* waiting counter */

LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */
/*||||++++--- : Detection level */
/|l 0000 :VLVIO (4.22V) */
M|ll:0001:VLVI1 (4.07V) */
001 0:VLVI2 (3.92V) ¥/
|ll:0011:VLVI3 (3.76V) */
|ll:0100:VLVI4 (3.61V) */
0101 :VLVI5 (3.45V) */
M|l :0110:VLVI6 (3.30V) */
Ml :0111:VLVI7 (3.15V) */
I :1000:VLVI8 (2.99V) */
|l 1001 :VLVIO (2.84V) */
|l :1010:VLVI0 (2.68V) */
Zl:1011: VLV (2.53V) ¥/
Ml :1100:VLVI12 (2.38V) */
Ml :1101:VLVII3 (2.22V) */
Al:1110:VLVI4 (2.07V) ¥/
M1 111:VLVI5S (1.91V) ¥/
P
Ja : Be sure to set 0000 */
LVIM = 0b10000000; /* Low-Voltage Detection Register */

7|IIIl]l+-- : LVIF Low-voltage detection flag */

Il = 0 :* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */

NN * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
NI s 12 * LVISEL = 0: VDD < VLVI ¥/

NN * LVISEL = 1: EXLVI < VEXLVI */

T 111111

/|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)

Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */
NN when VDD drops lower than VLVI (VDD < VLVI) */
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N or when VDD becomes VLVI or higher (VDD >= VLVI).
*/
NN * LVISEL = 1: Generates an interrupt signal */
NN when EXLVI drops lower than VEXLVI (EXLVI <
VEXLVI) ¥/
NN or when EXLVI becomes VEXLVI or higher (EXLVI >=
VEXLVI). */
Il = 1 : * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */
NN and releases the reset signal when VDD >= VLVI. */
NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
VEXLVI ¥/
N and releases the reset signal when EXLVI >= VEXLVI.
*/
11111
|||+ : Voltage detection selection(LVISEL) */
/*||ll| : O : Detects level of supply voltage (VDD) */
/|Il| : 1 : Detects level of input voltage from external input pin (EXLVI) */
P
B : Be sure to set 0000 */
%
[*pmmmmmnaene : Enables low-voltage detection operation */
/*: 0 : Disables operation */
/*:1: Enables operation */
/* software to wait for the operation stabilization time (210us) */
for(loop = 500; loop > 0; loop--){
}
/* wait until VLVIO VDD */
while( LVIF ){
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
/* */
/* Module: fn_Dmalnit
*/
/* Description: Setting of DMA contoroler */
/* parameter: --
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*/
r return = --
*/
r* */
void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO0; /* DMA SFR Address Register
0/
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO = 0b01100100; /* DMA Mode Control Register 0 */
111111100
T || ++++--m--- IFC3-IFCO */
Al [Selection of DMA start source] */
Al 0000:Disables DMA transfer by interrupt */
il (Only software trigger is enabled.) */
Al 0010:INTTMOO */
Al 0011:INTTMO1 */
Al 0100:INTTMO04 */
Al 0101:INTTMOS5 */
Al 0110:INTSTO/INTCSIO0 */
Al 0111:INTSRO/INTCSIO1 */
Al 1000:INTST1/INTCSIH0/INTIIC10 */
Al 1001:INTSR1 */
Il 1010:INTST3 ¥/
Al 1011:INTSR3 */
Al 1100:INTAD */
[A|[|4-==m=m - DWAITO */
Al [Pending of DMA transfer] */
Al 0:Executes DMA transfer upon DMA start request (not held pending).
*/
Al 1:Holds DMA start request pending if any. */
[¥||4=mmmmmmmee DSO0 */
| [Specification of transfer data size for DMA transfer] */
Al 0:8bits */
Al 1:16bits */
e DRSO */
/| [Selection of DMA transfer direction] */
/| 0:SFR to internal RAM */
/| 1:Internal RAM to SFR */

174
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*/

I+ STGO */
/ [DMA transfer start software trigger] */
/ 0:No trigger operation */
/ 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
DSTO =1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
}
r* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
/* return -
*/
I* */

void fn_Wait500usBase(unsigned short Time)

{
TSOL.1=1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while(ITMIFO1){
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
I */
/* Module: fn_AdcDaclnit
/* Description: Initialization of A/D D/A OPAmp module */
r* parameter: --
*/
I return = --
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*/
/* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,
and voltage reference */
/* */
/* Initialization of Voltage reference */
r* */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/||| +]++--- : [1]Positive reference voltage supplies selection of A/D and D/A
converters */
AllIn| [2]Operationcontrol of voltage reference */
Al [3]Output voltage selection of voltage reference */
il [4]Operation control of input gate voltage boost circuit for A/D
converter */
I [5]Relationship with the conversion mode used */
FIEE
/|ll']: 000 : [1JAVREFP (external voltage reference input) */
N [2]Stops operation (Hi-Z) */
T [812.5V ¥/
Ml [4]Stops operation */
I [5]Can be set in conversion mode 1 */
FIET
Ill']:010:[1]AVREFP (external voltage reference input) */
Al [2]Stops operation (Hi-Z) */
T [3]12.0V*/
Ml [4]Enables operation */
AN [5]Can be set in conversion mode 2 or 3 */
FEE

ll']:100:[1]VREFOUT (voltage reference output) */

AllIn| [2]Stops operation (pull-down output) */
Il [8]12.5V ¥/

AllIN [4]Stops operation */

iy [5] - */

P

Mll']:101:[1]VREFOUT (voltage reference output) */

N [2]Enables operation */

alllg: [3]12.5V ™/

I [4]Enables operation */

AN [5]Can be set in conversion mode 2 or 3 */
P
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Il ] :110:[1]VREFOUT (voltage reference output) */

N [2]Stops operation (pull-down output) */
I [3]12.0V*/

N [4]Enables operation */

aliiy [51-*/

P

M) :111:[1]VREFOUT (voltage reference output) */
N [2]Enables operation */

T [3]12.0V*/

N [4]Enables operation */

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

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

FIET

L B : Be sure to set 0000 */

7%/

[*mmmmnmeeee : 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 */
ADPC = 0b00000000; /* A/D Port Configuration Register */
/*|||+++++--- : Analog input (A)/digital I/O (D) switching */
M - ¢ ANI15/AVREFM/P157 */
M - | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

Fl:00000:AAAAAAAAAAAAY
/l:00001:AAAAAAAAAAAD?Y
FIl:00010:AAAAAAAAAADD?*
/Il:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD*
/l:00110:AAAAAADDDDDD?Y
/ll:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?¥
/Il:01001:AAADDDDDDDDD?Y
/Il:01010:AADDDDDDDDDD*
/ll:01111:ADDDDDDDDDDD ¥
/l:10000:DDDDDDDDDDDDY
Il

J e : Be sure to set 000 */
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/* wait for settling time to 17msec */

fn_Wait500usBase(17000/500);

/*

/* Initialization of operational amplifier

/*
PM2.1 =1;
PM2.0 = 1;
PM2.2 =1;

PM2.4 = 1;
PM2.3 = 1;
PM2.5 = 1;

PM2.7 = 1;
PM2.6 = 1;
PM15.0 = 1;

PM11.0=1;
ADCEN =1,
OAC.0=1;
OAC.1=0;

OAC.2 =0;

/*

/* Initialization of D/A converter

/*

DACEN = 1;
DAM.O = 1;
*/
DAM.2 = 1;
DAM.6 = 1;
VREFOUT */
DACEO = 0;
DACSWO0 = aushDacData[99];

}
/*

*/

*/

*/

*/

/* Module: main

/* Description: Main process

*/

/* input port mode (AMPOO) */
/* input port mode (AMPO-) */
/* input port mode (AMPO+) */

/* input port mode (AMP10) */
/* input port mode (AMP1-) */
/* input port mode (AMP1+) */

/* input port mode (AMP20) */
/* input port mode (AMP2-) */
/* input port mode (AMP2+) */

/* input port mode (ANOO) */

/* supplies input clock to OPAmp A/D converter */

/* operational amplifier (AMPO) enable */

/* operational amplifier (AMP1) disable */

/* operational amplifier (AMP2) disable */

*/

/* supplies input clock to D/A converter */

/* D/A converter operation is Real-time output mode

/* D/A conversion resolution is 12-bit */

/* D/A converter positive reference voltage is

/* D/A converter CHO disable */

/* D/A conversion value setting reigster 0 */
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*/
A parameter: --
*/
r* return = :--
*/
r* */
void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
DACEO = 1; /* D/A converter CHO enable */
r* */
r” Initialization of module */
/* */
A fn_Sensorlnit(); /* Initialization of Sensor module */
r* */
r* Initialization of variable */
r* */
/* uc100msec = C100MSEGC; /* initialize 100msec counter */
r* */
r* */
r* Main Loop */
r* */
/* */
/* initialize D/Aconverter data */

for(count = 0; count<100; count++){

ushDacData[count] = aushDacData[count];

}

TSOL.4 = 1; /* start TAUO CH4 */

TMIFO04 = 0; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */

El(); /* enable all interrupts */

r* */
/* if system have nothing to do, go to standby for power-saving */

I */
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while (1){
HALT();
NOP();
}
}
/* */
/* Module: fn_intdma0
*/
/* Description: DMA chO interruput process */
A parameter: --
*/
r* return @ --
*/
r* */
__interrupt void fn_intdmaO(void)
{
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DSTO =1; /* DMA transfer is started when DMA operation is enabled

(DENO = 1). */
!
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() 0OoO0OOO

e main.c

/*
* 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

*/

/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

#pragma interrupt INTDMAO fn_intdmaO RB1

r* */
/* Include files
*/
/* */
/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */
#define CCKO0_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */

/* TAU:TDRON value operation by CKO1 (fCLK = 20MHz) */
#define CCKO1_PLAY (2500 - 1) /* 0.125ms = about 8kHz for play */
I
(0.05[us/clk] * 2500[count]) */

r* */

/* Function prototyps

*/
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/* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
*/
void fn_InitPort(void); /* Setting of 1/0
ports */
void fn_InitTauO(void); /* Setting of Timer

array unit 0 */

~

void fn_InitLvi(void); *  Setting  of

Low-voltage detectior */

void fn_InitVr(void); / Setting of
Voltage reference */
void fn_AdcDaclnit(void); /* Setting of D/A converter */
void fn_Dmalnit(void); /* Setting of DMA
controler */
r* */
/* Extern variables/constants
*/
I* */
r* */
/* Local constants
*/
* */
/* */
/* Global variables
*/
r* */
/* */
/* Local variables
*/
* */
* */
/* Code
*/
/* */
J*
D/A output data
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*/

static unsigned short ushDacData[100]; /* D/A data for DMA */
const unsigned short aushDacData[100] = { /* defined D/A data */
/*n sin(0.2pi*n/100) */

r* 2048, /*0 0.100000 */
2061, /"1 0.106279 */
2074, /*2 0.112533 */
2086, /*3 0.118738 */
2099, /"4 0.124869 */
2111, /*5 0.130902 */
2123, I*6 0.136812 */
2135, 7 0.142578 */
2147, /*8 0.148175 */
2158, /"9 0.153583 */
2168, /10 0.158779 */
2179, /11 0.163742 */
2188, 12 0.168455 */
2197, /*13 0.172897 */
2206, /*14 0.177051 */
2214, /*15 0.180902 */
2221, /16 0.184433 */
2227, 17 0.187631 */
2233, /18 0.190483 */
2238, /*19 0.192978 */
2243, /* 20 0.195106 */
2246, /21 0.196858 */
2249, /* 22 0.198229 */
2251, /*23 0.199211 */
2252, I*24 0.199803 */
2253, /*25 0.200000 */
2252, /* 26 0.199803 */
2251, /27 0.199211 */
2249, /* 28 0.198229 */
22486, /*29 0.196858 */
2243, /* 30 0.195106 */
2238, /* 31 0.192978 */
2233, /* 32 0.190483 */
2227, /* 33 0.187631 */
2221, /* 34 0.184433 */
2214, /* 35 0.180902 */
2206, /* 36 0.177051 */
2197, /37 0.172897 */
2188, /* 38 0.168455 */
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2179, /* 39 0.163742 */
2168, /40 0.158779 */
2158, /41 0.153583 */
2147, /* 42 0.148175 */
2135, /* 43 0.142578 */
2123, /* 44 0.136812 */
2111, /* 45 0.130902 */
2099, /* 46 0.124869 */
2086, /* 47 0.118738 */
2074, /* 48 0.112533 */
2061, /* 49 0.106279 */
2048, /* 50 0.100000 */
2035, /* 51 0.093721 */
2022, /* 52 0.087467 */
2010, /* 53 0.081262 */
1997, /* 54 0.075131 */
1985, /* 55 0.069098 */
1973, /* 56 0.063188 */
1961, /* 57 0.057422 */
1949, /* 58 0.051825 */
1938, /59 0.046417 */
1928, /* 60 0.041221 */
1917, /* 61 0.036258 */
1908, /* 62 0.031545 */
1899, /* 63 0.027103 */
1890, /* 64 0.022949 */
1882, /* 65 0.019098 */
1875, /* 66 0.015567 */
1869, /* 67 0.012369 */
1863, /* 68 0.009517 */
1858, /* 69 0.007022 */
18583, /*70 0.004894 */
1850, /" 71 0.003142 */
1847, [*72 0.001771 */
1845, /*73 0.000789 */
1844, [*74 0.000197 */
1843, /*75 0.000000 */
1844, /*76 0.000197 */
1845, 77 0.000789 */
1847, /*78 0.001771 */
1850, *79 0.003142 */
1853, /* 80 0.004894 */
1858, /* 81 0.007022 */
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1863, /- 82 0.009517 */
1869, /83 0.012369 */
1875, /* 84 0.015567 */
1882, /* 85 0.019098 */
1890, /* 86 0.022949 */
1899, /* 87 0.027103 */
1908, /* 88 0.031545 */
1917, /* 89 0.036258 */
1928, /* 90 0.041221 */
1938, /91 0.046417 */
1949, /* 92 0.051825 */
1961, /* 93 0.057422 */
1973, /* 94 0.063188 */
1985, /* 95 0.069098 */
1997, /* 96 0.075131 */
2010, /* 97 0.081262 */
2022, /* 98 0.087467 */
2035, /* 99 0.093721 */
2048 /100  0.100000 */
%
/ */

/* Hardware initialization
*/
/* */
void hdwinit(void)
{

DI(); /* disable all interrupts */
r* */

/ Initialization of port */

r* */

fn_InitPort();

r* */

r* Initialization of clock */

* */

CMC = 0b01010011; /* Clock Operation Mode Control Register */

/“|lllll]+--- : Control of high-speed system clock oscillation frequency */
NN = 0 2 MHz <= fMX <= 10 MHz */

M1z 110 MHz < fMX <= 20 MHz */

FINE
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/*||||++---- : XT1 oscillator oscillation mode selection */
/|I|| : 0 0 : Low-consumption oscillation */
Il : 0 1 : Normal oscillation */

/|I|l : 1 x : Super-low-consumption oscillation */

Il x =don't care */

P

M|+ : Be sure to set 0 */

||

I*||4--=---- : [1] Subsystem clock pin operation mode */
Al [2] XT1/P123 pin and XT2/P124 pin */
/|| : 0 : [1]Input port mode */

Al [2]Input port */

||

/I] 1 : [1]XT1 oscillation mode */

Al [2]Crystal resonator connection */

||t

[+ : Be sure to set 0 */

7|/

[*4mmmmmmmee : [1]JEXCLK OSCSEL High-speed system clock pin operation mode */

r* [2]1X1/P121 pin */

r* [BIX2/EXCLK/P122 pin */

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

/ [2][3]Input port */

~*

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

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

**

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

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

>

/* 11 :[1]External clock input mode */

/* [2]Input port */

I* [3]External clock input */
MSTOP = 0; /* X1 oscillator operating */
XTSTOP = 0; /* XT1 oscillator operating */
OSMC = 0b00000001; /* Operation Speed Mode Control Register */

/|II|[++--- : fCLK frequency selection */

/IIlll : 0 0 : Operates at a frequency of 10 MHz or less. */
Il - 0 1 : Operates at a frequency higher than 10 MHz. */
Il : 1 0 : Operates at a frequency of 1 MHz. */

1111
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s : Be sure to set 00000 */
%
[*pmmmmmnnene : 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, */
I* clock output/buzzer output, 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) */
/*11:00x000:flH*

/*]1:00x00 1 :flH/2 (default) */

4 1:00x010:fIH2/2 */

/| 1:00x011:fIH2r3*

| 1:00x100:fIH/2/\ */

/1 1:00x101:fIH/2/5*/
/*1:01x000:fMX*/
/*11:01x001:fMX/2*/
/*1:01x010:fMX/2A2 %/
1:01x011:fMX/2A3 %/

F1]:01x100: fMX/2/4 */
M1:01x101:fMX/275 */
1:1x0xxx:fSUB*/

M1 x1xxx:fSUB/2 */

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

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

|

[*| +---mmm-- : Status of Main system clock (fMAIN) */
/*| : 0 : Internal high-speed oscillation clock (fIH) */
/*| : 1 : High-speed system clock (fMX) */
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188

[ mmmmm : 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 */
/|l : 000 : 278/fX */

Ml :00 1 :209/X */

|l : 010 :2M0/X */

Ml 011 2M 14X/

Ml :100:2M3/4X ¥/

=101 :2M5/4X %/

P 1 10:2M74X

P11 2M8/4X Y

NI/

Y : Be sure to set 000000 */
/* i
/* Initialization of timer */
/* */

fn_InitTau0();

/* software to wait for the operation stabilization time */
/* (over 200ms from when XT1 enable) */

fn_Wait500usBase(200000/500);

r* */

/* Initialization of low-voltage detector */

r* */

fn_InitLvi();

r* */

/* Initialization of A/D,D/A,OPAmp */
r* */

fn_AdcDaclnit();
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*/

*/

/* */

/* Initialization of DMA

r* */

fn_Dmalnit();

EI(); /* enable all interrupts */
}
r* */
/* Module: fn_InitPort

*/
/* Description: Setting of I/O ports
A parameter: --
*/
A return -
*/

* */
void fn_InitPort(void)
{
r* */
/ Ports configuration for digital input and output */
r* */

ADPC = 0b00010000;

/* A/D Port Configuration Register */

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

Il

|

il
/*]|]:00000:
/]|:00001:
/]|:00010:
/*|]:00011:
Fl|:00100:
Fl:00101:
/||:00110:
£:00111:
/||:01000:
/||:01001:
/l|:01010:
Al:01111:
l:10000:
P

——

ANI15/AVREFM/P157 */
ANI10/P152 - ANI8/AMP2+/P150 */

[]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

AAAAAAAAAAAAY
AAAAAAAAAAAD?Y
AAAAAAAAAADDY
AAAAAAAAADDD?Y
AAAAAAAADDDD?Y
AAAAAAADDDDD™Y
AAAAAADDDDDD?Y
AAAAADDDDDDD?Y
AAAADDDDDDDD?Y
AAADDDDDDDDD ¥
AADDDDDDDDDD*
ADDDDDDDDDDD¥
DDDDDDDDDDDD ¥
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[ tmmmmneee : Be sure to set 000 */
/* */
A Setting of Port 0
*/
r* */
PO = 0b00000000; /* Set P0O0-P02 Output latch to Low */
PMO = 0b11111000; /* Set P00-P02 to output port */
/* P0O0-P02:Unused */
r* */
/ Setting of Port 1
*/
/* */
P1= 0b00000000; /* Set P10-P17 Output latch to Low */
PM1 = 0b0000000O; /* Set P10-P17 to output port */
/* P10-P15:Unused */
* */
I Setting of Port 2
*/
r* */
P2 = 0b00000000; /* Set P20-P27 Output latch to Low */
PM2=  Ob11111111; /* Set P20-P27 to input port */
/* P20-P27:Unused */
/* */
/* Setting of Port 3
*/
r* */
P3 = 0b00001100; /* Set P30-P31,P34 Output latch to Low */
/* Set P33,P32 Output latch High */
PM3 = 0b11100000; /* Set P30-P34 to output port */
/* P30-P34:Unused */
* */
I Setting of Port 4
*/
/* */
P4 = 0b00000000; /* Set P40-P41 Output latch to Low */
PM4 = 0b11111100; /* Set P40-P41 to output port */

/* P40-P41:Unused */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

*/

Setting of Port 5
*/

*/

P5 = 0b00000000;
PM5 = 0b11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

*/

Setting of Port 6
*/

*/

P6 = 0b00000000;
PM6=  0Ob11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7
*/

P7 = 0b00000000;
PM7 = 0b00000000;

*/

/* Set P70-P77 Output latch to Low */

/* Set P70-P77 to output port */

/* P70-P77:Unused */

*/

Setting of Port 8
*/

*/

P8 = 0b00000000;
PM8 = 0b00000000;

/* Set P80-P88 Output latch to Low */
/* Set P80-P88 to output port */
/* P80-P88:Unused */

*/

Setting of Port 9
*/

*/

P9 = 0b00000000;
PM9 = 0b00000000;

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

*/

Setting of Port 10
*/
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/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

192

*/

P10 =
PM10 =

0b00000000;
Ob11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */
/* P100-P102:Unused */

Setting of Port 11

*/

*/

*/

P11 =
PM11 =

0b00000000;
Ob11111100;

/* Set P110-P111 OQutput latch to Low */
/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12

*/

*/

P12 =
PM12 =

0b00000000;
Ob11111110;

/* Set P120 Output latch to Low */
/* 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 =
PM14 =

0b00000000;
0b00000000;

/* Set P140-P147 Output latch to Low */
/* Set P140-P147 to output port */
/* P140-P147:Unused */

*/

Setting of Port 15

*/

*/

P15 =
PM15 =

0b00000000;
Ob11111111;

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
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/* P150-P152,P157:Unused */

r* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit O */
A parameter: --
*/
A return -
*/
r* */
void fn_InitTauO(void)
{
TAUOEN = 1; /* supplies input clock to timer array unit 0 */
TPSOL = 0b00000010; /* Timer Clock Select Register 0 */

/*||||++++--- : Selection of operation clock (CKO0O0) */
A : Selection of operation clock (CKO1) */
/*:0000 : CKOm = fCLK */

/*:0001: CKOm = fCLK/2 */

/*:0010:CKOm = fCLK/2"2 */

/*:0011: CKOm = fCLK/2A3 */

/*:0100: CKOm = fCLK/2/\4 */
/*:0101:CKOm = fCLK/275 */

/*:0110: CKOm = fCLK/276 */
/*:0111:CKOm = fCLK/2/7 */

/*:1000 : CKOm = fCLK/278 */

/*:100 1 : CKOm = fCLK/279 */
/*:1010:CKOm = fCLK/2A10 */
/*:1011:CKOm = fCLK/2M 1 ¥/

/*:1100: CKOm = fCLK/2A12 */
/*:1101:CKOm = fCLK/2AM13 */
/*:1110:CKOm = fCLK/2M4 */
/*:1111:CKOm = fCLK/2AM5 */

/¥ m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
UINNII++++--- : [1]Operation mode of channel 1 */
ZNININ [2]Count operation of TCR */
ZNININ [3]Independent operation */
ZNININ [4]Setting of starting counting and interrupt */
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*/

*/

*/

194

NN : 000 0 : [1]Interval timer mode */

NN [2]Counting down */

T [3]Possible */

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

=

ZUINNNI = 000 1 2 [1]Interval timer mode */

NN [2]Counting down */

T [3]Possible */

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

I =

ZIHININE= 010 0: [1]Capture mode */

I [2]Counting up */

T [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

=

=010 1 : [1]Capture mode */

ZHNITTE [2]Counting up */

ZHIN [3]Possible */

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

=

ZUINNNI = 0 1 1 0 : [1]Event counter mode */

T [2]Counting down */

Ay [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHNHIT (timer output does not change, either). */

=

NN : 1000 : [1]One-count mode */

Ay [2]Counting down */

ZIINH [3]impossible */

ZNININ [4]Start trigger is invalid during counting operation. */
ZHINNNN At that time, interrupt is not generated, either. */
=

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

Aty [2]Counting down */

NI [3]Impossible */

ZNININ [4]Start trigger is valid during counting operation. */
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*/

valid edge */

register). */

unselected). */

ZHINNNN At that time, interrupt is also generated. */

=7

PN =110 0 : [1]Capture & one-count mode */

T [2]Counting up */

I [3]Possible */

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

NN Start trigger is invalid during counting operation. */
ZHINITTE At that time interrupt is not generated, either. */
ZITNE=7

NN = Other than above : Setting prohibited */

=

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

T 111111111

P ===mmmmm : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1
ZANI (the timer input used with channel 1 is selected by using TISO

Il : 00 : Falling edge */
NI =0 1 : Rising edge */

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

NI Start trigger: Falling edge, Capture trigger: Rising edge */

NI = 11 : Both edges (when high-level width is measured) */

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

1111111t

TA||]|[+++=mmmmmmm : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 0 1 : Valid edge of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */
|lll : 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

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

P

P |4=mmmmm - : Selection of slave/master of channel 1 */

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

[*||[+-==mmmmm e : Selection of count clock (TCLK) of channel 0 */

/*||| : 0 : Operation clock MCK specified by CKSO01 bit */
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/|| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1

*/
Al (the timer input used with channel 1 is selected by using TISO register).
*/
P
[*|mmemmmmmmeeaen : Be sure to set 00 */
1%/
T : Selection of operation clock (MCK) of channel 1 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO0O1 = CCK00_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */
/* CH4:for DMA */
TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
ZUINNII++++--- : [1]Operation mode of channel 4 */
ZNININ [2]Count operation of TCR */
NI [3]Independent operation */
N [4]Setting of starting counting and interrupt */
NN : 000 0 : [1]interval timer mode */
I [2]Counting down */
ZI [3]Possible */
ZNINIIN [4]Timer interrupt is not generated when counting is started
*/
ZHNHINI (timer output does not change, either). */
=
PN = 000 1 : [1]Interval timer mode */
I [2]Counting down */
ZHINI [3]Possible */
ZHINNNN [4]Timer interrupt is generated when counting is started */
ZHNHITI (timer output also changes). */
I =
7= 0100 : [1]Capture mode */
N [2]Counting up */
ZHI [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
*/
ZHNHINI (timer output does not change, either). */
=
ZNIINNI = 0 1 0 1 [1]Capture mode */
ZHNH [2]Counting up */
I [3]Possible */
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*/

*/

valid edge */

register). */

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

=

ZUINNNI = 011 0 : [1]Event counter mode */

ZANTE [2]Counting down */

ZHNTTE [3]Possible */

0NN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */

=

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

ZHNTE [2]Counting down */

I [3]impossible */

NN [4]Start trigger is invalid during counting operation. */
ZHINNNN At that time, interrupt is not generated, either. */

I =

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

ZHNTE [2]Counting down */

I [3]impossible */

NN [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

L=

ZNNINNI =11 00 : [1]Capture & one-count mode */

ZHNITTE [2]Counting up */

I [3]Possible */

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

ZNININ Start trigger is invalid during counting operation. */
ZNINIIN At that time interrupt is not generated, either. */
=

NN = Other than above : Setting prohibited */

=

T : Be sure to set 00 */

11111111

PNIN+==mmmmee : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 4 is selected by using TISO

I : 00 : Falling edge */
I : 0 1 : Rising edge */
Il = 10 : Both edges (when low-level width is measured) */

I Start trigger: Falling edge, Capture trigger: Rising edge */
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unselected). */

NI = 1 1 : Both edges (when high-level width is measured) */

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

1111111t

F|1]|[+++---=---- : Setting of start trigger or capture trigger of channel 4 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 0 1 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

Il : 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

| : 1 00 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

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

1111

L] #=mmmmmmmmmmme : Selection of slave/master of channel 4 */

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

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

P

[H]||[4==mmm - : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : 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).
*/
||
B : Be sure to set 00 */
%
[Fpmmmm e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO04 = 200; /* set interval time to 10us(=0.05us * 200) */
TMMKO04 = 1; /* disable interrupt */

}

* */

/* Module: fn_InitLvi
*/

/* Description: Setting of Low-voltage detectior */

I parameter: --

*/
/ return = --
*/

198
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*/

*/

/* */
void  fn_InitLvi(void)
{
unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */
/*||||++++--- : Detection level */
/|l :0000:VLVIO (4.22V) */
/|ll:0001: VLV (4.07V) */
/|l 0010:VLVI2 (3.92V) */
ZIl:0011:VLVI3 (3.76V) */
M|ll:0100:VLVI4 (3.61V) */
M|l 0101 :VLVI5 (3.45V) */
|l :0110:VLVI6 (3.30V) */
Ml :0111:VLVI7 (3.15V) */
/|l :1000:VLVI8 (2.99V) */
Il :1001:VLVIO (2.84V) */
Ml :1010:VLVI10 (2.68V) */
Ml :1011:VLVIH1 (2.53V) */
l:1100:VLVI12 (2.38V) */
Ml :1101:VLVII3 (2.22V) */
Ml :1110:VLVI14 (2.07V) ¥/
P11 11:VLVI5S (1.91V) ¥/
||
[ tnmne- : Be sure to set 0000 */
LVIM = 0b10000000; /* Low-Voltage Detection Register */

IIIl|+--- : LVIF Low-voltage detection flag */
NIz 0= * LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */

2 * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
N1 = * LVISEL = 0: VDD < VLVI ¥/

NN * LVISEL = 1: EXLVI < VEXLVI */

111111t

/*|I|l||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)
Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */

NN when VDD drops lower than VLVI (VDD < VLVI) */
NN or when VDD becomes VLVI or higher (VDD >= VLVI).
NN * LVISEL = 1: Generates an interrupt signal */

NN when EXLVI drops lower than VEXLVI (EXLVI <

000000000000 U20228JJ1VOAN 199



OOA ODOOODODOODOO

VEXLVI) */

VEXLVI). */

VEXLVI ¥/

*/

N or when EXLVI becomes VEXLVI or higher (EXLVI >=

Il : 1 : * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

NN and releases the reset signal when VDD >= VLVI. */
NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
N and releases the reset signal when EXLVI >= VEXLVI.
1111

|||+ : Voltage detection selection(LVISEL) */
/*||l|| : O : Detects level of supply voltage (VDD) */

/|lll : 1 : Detects level of input voltage from external input pin (EXLVI) */

11|

L B : Be sure to set 0000 */

7%/

[*mmmmnmmee- : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/* 1 : Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){

NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
* */
/* Module: fn_Dmalnit
*/
/* Description: Setting of DMA contoroler */
I parameter: --
*/
r* return -
*/
* */

void fn_Dmalnit(void)
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0~/

*/

*/

DENO = 1;

DSAO0 = (unsigned char)&DACSWO;

DRAO = (unsigned short)&ushDacData[0];
DBCO = 100;
DMCO = 0b01100100;

111111100t

||| ++++------- IFC3-IFCO */

/* Enables operation of DMA channel 0 */

/* DMA SFR Address Register

/* DMA RAM Address Register 0 */

/* DMA Byte Count Register 0 */
/* DMA Mode Control Register 0 */

Al [Selection of DMA start source] */

il 0000:Disables DMA transfer by interrupt */

il (Only software trigger is enabled.) */
Al 0010:INTTMO0O */

Il 0011:INTTMO1 */

Al 0100:INTTMO4 */

Al 0101:INTTMOS5 */

Al 0110:INTSTO/INTCSIO0 */

Al 0111:INTSRO/INTCSIO1 */

Al 1000:INTST1/INTCSI10/INTIIC10 */

Il 1001:INTSR1 */

Al 1010:INTST3 */

Al 1011:INTSR3 */

Al 1100:INTAD */

/||| 4==mmmmme- DWAITO */

| [Pending of DMA transfer] */

Al 0:Executes DMA transfer upon DMA start request (not held pending).
Al 1:Holds DMA start request pending if any. */
[¥||4=mmmmmmmmmee DSO0 */

Al [Specification of transfer data size for DMA transfer] */
Al 0:8bits */

Al 1:16bits */

[¥|Hmmmmmmmmeee DRSO */

/| [Selection of DMA transfer direction] */

/| 0:SFR to internal RAM */

7| 1:Internal RAM to SFR */

[Fpmmmmmnnmeeen STGO */

/ [DMA transfer start software trigger] */

/* 0:No trigger operation */

/ 1:DMA transfer is started when DMA operation is enabled (DENO = 1).

ooo
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DSTO=1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
}
/* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
I return = :--
*/
/* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1 =1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while('TMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
/* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */
A parameter: --
*/
I return = --
*/
* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,
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and voltage reference */

/™ */
/* Initialization of Voltage reference */
r* */
ADVRC = 0b00001000; /* Analog reference voltage control register */
|||+]++-- : [1]Positive reference voltage supplies selection of A/D and D/A

converters */

AllIn| [2]Operationcontrol of voltage reference */

N [3]Output voltage selection of voltage reference */

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

Al [5]Relationship with the conversion mode used */

FET

|ll']: 000 : [1]JAVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

aliin [3]2.5 V */

allln [4]Stops operation */

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

11|t

Ill']:010:[1]AVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

aliin [3]2.0 V */

Al [4]Enables operation */

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

FET

Il']:100:[1]VREFOUT (voltage reference output) */

N [2]Stops operation (pull-down output) */
N [3]2.5 V ¥/

Ml [4]Stops operation */

iy [51-/

F

MIl']:101:[1]VREFOUT (voltage reference output) */

I [2]Enables operation */

iy [3]2.5 V */

I [4]Enables operation */

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

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

N [2]Stops operation (pull-down output) */
iy [3]2.0 V */

N [4]Enables operation */

iy [51-*/
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FET
M) :111:[1]VREFOUT (voltage reference output) */

N [2]Enables operation */

T [312.0V */

Ml [4]Enables operation */

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

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

|||t

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

7/

[*mmmmnmmeee : 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 */
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 */

Fl:00000:AAAAAAAAAAAAY
Fl:00001:AAAAAAAAAAAD?Y
/l:00010:AAAAAAAAAADDY
/Il:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD ¥
/ll:00110:AAAAAADDDDDD?Y
/Il:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?*
/Il:01001:AAADDDDDDDDD?Y
/l:01010:AADDDDDDDDDD*
/l:01111:ADDDDDDDDDDDY
/l:10000:DDDDDDDDDDDDY
1|

[*tmmmmnnee : Be sure to set 000 */

/* wait for settling time to 17msec */
fn_Wait500usBase(17000/500);

r* */
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/* Initialization of operational amplifier
™ */
PM2.1 = 1;

PM2.0 = 1;

PM2.2 = 1;

PM2.4 =1;
PM2.3 = 1;
PM2.5 = 1;

PM2.7 = 1;
PM2.6 = 1;
PM15.0 = 1;

PM11.0 = 1;
ADCEN = 1;
OAC.0=1;
OAC.1=0;

OAC.2=0;

r* */

/* Initialization of D/A converter
/* */
DACEN = 1;

r* DAMDO = 1;

output mode */
DAM.O = 0;

mode */
DAM.2 = 1;
DAM.6 = 1;

is VREFOUT */
DACSWO0 = aushDacData[99];

/* set D/A chanell */
DAM.1 = 0;
mode */
DAM.3 = 1;
DACSW1 = aushDacData[99];

/*

*/

*/

/* input port mode (AMPOO) */

/* input port mode (AMPO-) */

/* input port mode (AMPO+) */

/* input port mode (AMP10) */

/* input port mode (AMP1-) */

/* input port mode (AMP1+) */

/* input port mode (AMP20) */

/* input port mode (AMP2-) */

/* input port mode (AMP2+) */

/* input port mode (ANOQ) */

/* supplies input clock to OPAmp A/D converter */

/* operational amplifier (AMPO) enable */

/* operational amplifier (AMP1) disable */

/* operational amplifier (AMP2) disable */

*/

/* supplies input clock to D/A converter */
/* [DAMDO] D/A converter operation is Real-time

/* [DAMDO] D/A converter operation is Normal

/* [DARESO]D/A conversion resolution is 12-bit */

/* [DAREF] D/A converter positive reference voltage

/* D/A conversion value setting reigster 0 */

/* [DAMD1] D/A converter operation is Normal

/* [DARES1]D/A conversion resolution is 12-bit */

/* D/A conversion value setting reigster 1 */
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/* Module: main
*/
/* Description: Main process
*/
A parameter: --
*/
I return = :--
*/
/* */
void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
DACE1 = 1; /* D/A converter CH1 enable */
DACEO = 1; /* D/A converter CHO enable */
r* */
r* */
/ Main Loop */
/* */
/* */
/* initialize D/Aconverter data */

for(count = 0; count<100; count++){

ushDacData[count] = aushDacData[count];

}
TSOL.4 = 1; /* start TAUO CH4 */
TMIF04 = 0; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */
El(); /* enable all interrupts */
r* */
/* if system have nothing to do, go to standby for power-saving */
I */
while (1){
HALTY();
NOP();
}
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r* */
/* Module: fn_intdma0
*/
/* Description: DMA chO interruput process
A parameter: --
*/
A return @ --
*/
r* */

__interrupt void fn_intdmaO(void)

{

DRAO = (unsigned short)&ushDacData[0];

DBCO = 100;
DSTO = 1;
(DENO = 1). */

}

/* DMA RAM Address Register 0 */

*/

/* DMA Byte Count Register 0 */

/* DMA transfer is started when DMA operation is enabled

00oooooooooono U20228JJ1V0AN
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3)0oDo0o0o0O Doooooo

e main.c

/*
* 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

*/

/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

#pragma interrupt INTDMAO fn_intdmaO RB1

r* */
/* Include files
*/
/* */
/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */
#define CCKO0_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */
/* */
/* Function prototyps
*/
/* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
*/
void fn_InitPort(void); /* Setting of 1/0
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ports */

void fn_InitTauO(void);
array unit 0 */

void fn_InitLvi(void);

Low-voltage detectior */

void fn_InitVr(void);
Voltage reference */

void fn_AdcDaclnit(void);

void fn_Dmalnit(void);

controler */

/* */
/* Extern variables/constants
*/

r* */
I* */
/* Local constants

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

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

*/
/* */
static  short shVoltage; /* voltage (Hex) */
static  unsigned short ushCycleCount; /* Cycle counter */
* */
/* Code

*/

/* */
/*

/* Setting of Timer

/ Setting of

/* Setting of

/* Setting of D/A converter */
/* Setting of DMA

D/A output data

static unsigned short ushDacData[100];

/* D/A data for DMA */

00oooooooooono U20228JJ1V0AN
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const unsigned short aushDacData[100] = { /* defined D/A data */
/“n sin(0.2pi*n/100) */
r* 2048, /*0 0.100000 */
2061, /1 0.106279 */
2074, /*2 0.112533 */
2086, /*3 0.118738 */
2099, I*4 0.124869 */
2111, "5 0.130902 */
2123, /"6 0.136812 */
2135, ~7 0.142578 */
2147, /*8 0.148175 */
2158, *9 0.153583 */
2168, /10 0.158779 */
2179, /<11 0.163742 */
2188, /*12 0.168455 */
2197, /*13 0.172897 */
2206, /*14 0.177051 */
2214, /*15 0.180902 */
2221, /*16 0.184433 */
2227, " 17 0.187631 */
2233, /*18 0.190483 */
2238, /*19 0.192978 */
2243, /*20 0.195106 */
22486, 21 0.196858 */
2249, [*22 0.198229 */
2251, /*23 0.199211 */
2252, /* 24 0.199803 */
2253, /*25 0.200000 */
2252, I* 26 0.199803 */
2251, /*27 0.199211 */
2249, /* 28 0.198229 */
2246, /*29 0.196858 */
2243, /* 30 0.195106 */
2238, /* 31 0.192978 */
2233, /*32 0.190483 */
2227, /* 33 0.187631 */
2221, /* 34 0.184433 */
2214, /* 35 0.180902 */
2206, /* 36 0.177051 */
2197, /37 0.172897 */
2188, /* 38 0.168455 */
2179, /* 39 0.163742 */
2168, /* 40 0.158779 */
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2158,
2147,
2135,
2123,
2111,
2099,
2086,
2074,
2061,
2048,
2035,
2022,
2010,
1997,
1985,
1973,
1961,
1949,
1938,
1928,
1917,
1908,
1899,
1890,
1882,
1875,
1869,
1863,
1858,
1853,
1850,
1847,
1845,
1844,
1843,
1844,
1845,
1847,
1850,
1853,
1858,
1863,
1869,

41
/42
/43
/* 44
[* 45
* 46
/> 47
/* 48
/* 49
/* 50
/* 51
[* 52
/* 53
/* 54
/* 55
/* 56
[* 57
/* 58
/* 59
/* 60
/* 61
/* 62
/* 63
/* 64
/* 65
/* 66
/* 67
/* 68
/* 69
/*70
71
/" 72
*73
[*74
*75
[*76
77
[*78
79
/* 80
* 81
/* 82
/* 83

00oooooooooono U20228JJ1V0AN

0.153583 */
0.148175 */
0.142578 */
0.136812 */
0.130902 */
0.124869 */
0.118738 */
0.112533 */
0.106279 */
0.100000 */
0.093721 */
0.087467 */
0.081262 */
0.075131 */
0.069098 */
0.063188 */
0.057422 */
0.051825 */
0.046417 */
0.041221 */
0.036258 */
0.031545 */
0.027103 */
0.022949 */
0.019098 */
0.015567 */
0.012369 */
0.009517 */
0.007022 */
0.004894 */
0.003142 */
0.001771 */
0.000789 */
0.000197 */
0.000000 */
0.000197 */
0.000789 */
0.001771 */
0.003142 */
0.004894 */
0.007022 */
0.009517 */
0.012369 */
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1875, /* 84 0.015567 */
1882, /* 85 0.019098 */
1890, /* 86 0.022949 */
1899, /* 87 0.027103 */
1908, /* 88 0.031545 */
1917, /* 89 0.036258 */
1928, /* 90 0.041221 */
1938, /* 91 0.046417 */
1949, /* 92 0.051825 */
1961, /* 93 0.057422 */
1973, /* 94 0.063188 */
1985, /* 95 0.069098 */
1997, /* 96 0.075131 */
2010, /* 97 0.081262 */
2022, /* 98 0.087467 */
2035, /%99 0.093721 */
2048 /100 0.100000 */

%

I *

/* Hardware initialization

*/
r* */
void hdwinit(void)
{
DI(); /* disable all interrupts */
r* */
I Initialization of port */
r* */
fn_InitPort();
r* */
r* Initialization of clock */
r* */
CMC= 0b01010011; /* Clock Operation Mode Control Register */

|IIl|l|+--- : Control of high-speed system clock oscillation frequency */
2N 02 2 MHz <= fMX <= 10 MHz */

MUz 1 10 MHz < fMX <= 20 MHz */

Tl1111

F|||l|l++---- : XT1 oscillator oscillation mode selection */

/||ll] : 0 0 : Low-consumption oscillation */
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|lll : 0 1 : Normal oscillation */

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

Il x =don't care */

1111t

/|| +------ :Be sure to set 0 */

P

L[|+ : [1] Subsystem clock pin operation mode */
Al [2] XT1/P123 pin and XT2/P124 pin */
/|| : 0 : [1]Input port mode */

Al [2]Input port */

1

/|| = 1 : [1]XT1 oscillation mode */

Al [2]Crystal resonator connection */

||l

PAl | R : Be sure to set 0 */

s

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

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

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

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

1~

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

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

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

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

7~

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

/* [3]External clock input */

MSTOP = 0; /* X1 oscillator operating */
XTSTOP = 0; /* XT1 oscillator operating */
OSMC = 0b00000001; /* Operation Speed Mode Control Register */

||[]||++--- : fCLK frequency selection */

Il : 0 0 : Operates at a frequency of 10 MHz or less. */
Il : 0 1 : Operates at a frequency higher than 10 MHz. */
Il : 1 0 : Operates at a frequency of 1 MHz. */

1111

[+ : Be sure to set 00000 */

/%
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[*pmmnmmnmee- : 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) */

/ for the peripheral functions whose operations are enabled.) */

/* 1 1 : Stops subsystem clock supply to peripheral functions except real-time

counter, */
I* clock output/buzzer output, and LCD controller/driver. */
while(OSTC.0 != 1){ /* wait X1 oscillation stabilization */
NOP();
1
/*-- 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:flH*

/*|1:00x001:flH/2 (default) */
/*11:00x010:flH2/2*/
/*11:00x011:flH2A3 */
/*11:00x100:flH/2/\4 */

/| 1:00x101:fIH275*/
/*|1:01x000:fMX*/
/1:01x001:fMX/2*/
1:01x010:fMX/2/2 */
F1:01x011:fMX/2/A3 %/
/*1:01x100:fMX/274 %/
1:01x101:fMX/275 %/
F:1x0xxx:fSUB*/

M1 x 1 xxx:fSUB/2 */

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

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

|

PAl IR : Status of Main system clock (fMAIN) */
/*| : 0 : Internal high-speed oscillation clock (fIH) */

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

[ pmmmmmmmeae : Status of CPU/peripheral hardware clock (fCLK) */
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/*: 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 */
/]l : 000 : 278/fX */

Ml :00 1 :279/X */

Il 010:2M0/MX ¥/

P01 1 284X Y

|l :100:2M3/X */

Ml 2101 :2M5/8X */

P11 10:2M7/4X Y

Pl 111 2M8AX Y

Tl

[ : Be sure to set 000000 */
/* */
/* Initialization of timer */
/* i

fn_InitTau0();

/* software to wait for the operation stabilization time */
/* (over 200ms from when XT1 enable) */

fn_Wait500usBase(200000/500);

r* */

/* Initialization of low-voltage detector */

r* */

fn_InitLvi();

r* */

/* Initialization of A/D,D/A,OPAmMp */
r* */

fn_AdcDaclnit();

r* */
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/* Initialization of DMA */
/* */
fn_Dmalnit();
El(); /* enable all interrupts */
}
/* */
/* Module: fn_InitPort
*/
/* Description: Setting of 1/0O ports */
/[ parameter: --
*/
I return -
*/
r* */
void fn_InitPort(void)
{
I* */
I/ Ports configuration for digital input and output */
r* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||[+++++--- : Analog input (A)/digital I/O (D) switching */
A - + ANI15/AVREFM/P157 */
M | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]| +-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

216

Fl:00000:AAAAAAAAAAAAY
Fl:00001:AAAAAAAAAAADY
Fl:00010:AAAAAAAAAADDY
FIl:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD ™
/Il:00110:AAAAAADDDDDD?Y
/l:00111:AAAAADDDDDDD?*
/l:01000:AAAADDDDDDDD?*
/Il:01001:AAADDDDDDDDDY
/Il:01010:AADDDDDDDDDD?*
/Il:01111:ADDDDDDDDDDD¥
/Il:10000:DDDDDDDDDDDDY
Il

J A : Be sure to set 000 */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

*/

Setting of Port 0
*/

*/

PO = 0b00000000;
PMO=  0b11111000;

/* Set PO0-P02 Output latch to Low */
/* Set PO0-PO2 to output port */
/* P00-P02:Unused */

Setting of Port 1
*/

*/

*/

P1= 0b00000000;
PM1 = 0b00000000;

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

*/

Setting of Port 2
*/

P2 = 0b00000000;
PM2=  Ob11111111;

*/

/* Set P20-P27 Output latch to Low */

/* Set P20-P27 to input port */

/* P20-P27:Unused */

*/

Setting of Port 3
*/

*/

P3 = 0b00001100;

PM3 = 0b11100000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */

/* Set P30-P34 to output port */
/* P30-P34:Unused */

*/

Setting of Port 4
*/

*/

P4 = 0b00000000;
PM4 = 0b11111100;

/* Set P40-P41 Output latch to Low */
/* Set P40-P41 to output port */
/* P40-P41:Unused */

Setting of Port 5

*/
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/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

218

*/

*/

P5 =
PM5 =

0b00000000;
Ob11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

Setting of Port 6

*/

*/

*/

P6 =
PM6 =

0b00000000;
Ob11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7

*/

P7 =
PM7 =

0b00000000;
0b00000000;

*/

/* Set P70-P77 Output latch to Low */

/* Set P70-P77 to output port */

/* P70-P77:Unused */

*/

Setting of Port 8

*/

*/

P8 =
PM8 =

0b00000000;
0b00000000;

/* Set P80-P88 Output latch to Low */
/* Set P80-P88 to output port */
/* P80-P88:Unused */

Setting of Port 9

*/

*/

*/

P9 =
PM9 =

0b00000000;
0b00000000;

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

*/

Setting of Port 10

*/

P10 =

0b00000000;

*/
/* Set P100-P102 Output latch to Low */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

PM10=0b11111000;

/* Set P100-P102 to output port */
/* P100-P102:Unused */

*/

Setting of Port 11
*/

P11 = 0b00000000;
PM11 = 0b11111100;

*/

/* Set P110-P111 Output latch to Low */

/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12
*/

*/

P12 = 0b00000000;
PM12 = 0b11111110;

/* Set P120 Output latch to Low */
/* 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;
PM14 = 0b00000000;

*/

/* Set P140-P147 Output latch to Low */

/* Set P140-P147 to output port */

/* P140-P147:Unused */

*/

Setting of Port 15
*/

*/

P15 = 0b00000000;
PM15=0b11111111;

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */
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/* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit 0 */
/[ parameter: --
*/
I return -
*/
r* */

void fn_InitTauO(void)

TAUOEN = 1; /* supplies input clock to timer array unit 0 */
TPSOL = 0b00000010; /* Timer Clock Select Register 0 */
/*|||++++--- : Selection of operation clock (CK00) */
Ja : Selection of operation clock (CKO1) */
/*:0000: CKOm = fCLK */
/*:0001:CKOm = fCLK/2 */
/*:0010:CKOm = fCLK/2/2 */
/*:0011: CKOm = fCLK/2A3 */
/*:0100:CKOm = fCLK/2"4 */
/*:0101: CKOm = fCLK/275 */
/*:0110: CKOm = fCLK/276 */
/*:0111:CKOm = fCLK/2/7 */
/*:100 0 : CKOm = fCLK/278 */
/*:100 1 : CKOm = fCLK/2"9 */
/*:1010:CKOm = fCLK/2A0 */
/*:1011:CKOm = fCLK/2A11 */
/*:1100: CKOm = fCLK/2A12 */
/*:1101:CKOm = fCLK/2AM3 */
/*:1110:CKOm = fCLK/2A14 */
/*:1111:CKOm = fCLK/2AM5 */

/f m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
HHNNI++++--- : [1]Operation mode of channel 1 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NI = 000 0 : [1]Interval timer mode */
ZHI [2]Counting down */
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*/

*/

*/

I [3]Possible */

ZNNIITH [4]Timer interrupt is not generated when counting is started
0NN (timer output does not change, either). */

ZINIE=7

SN = 000 1 : [1]Interval timer mode */

I [2]Counting down */

T [3]Possible */

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

ZIINIE=7

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

NI [2]Counting up */

I [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */

ZIINIE=7

ZNINNT =0 10 1 : [1]Capture mode */

T [2]Counting up */

I [3]Possible */

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

ZIINIE=7

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

ZUINNNN [2]Counting down */

I [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */

=

NN 1000 : [1]One-count mode */

NN [2]Counting down */

T [3]impossible */

U [4]Start trigger is invalid during counting operation. */
ZHUNINNINI At that time, interrupt is not generated, either. */
ZITINIE=7

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

ZHINNNN [2]Counting down */

T [3]impossible */

NI [4]Start trigger is valid during counting operation. */
i At that time, interrupt is also generated. */

ZIINIE=7
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*/

valid edge */

register). */

unselected). */

NN =1 100 : [1]Capture & one-count mode */

T [2]Counting up */

T [3]Possible */

ZANITTE [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */

I Start trigger is invalid during counting operation. */
I At that time interrupt is not generated, either. */
=

NN = Other than above : Setting prohibited */

ZITNE=7

T S : Be sure to set 00 */

11111111700

P ===mmmee : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTCH1
I (the timer input used with channel 1 is selected by using TISO

Il : 00 : Falling edge */
NI =0 1 : Rising edge */

NI = 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) */

NI Start trigger: Rising edge, Capture trigger: Falling edge */

FINE

[l R —— : Setting of start trigger or capture trigger of channel 1 */

llll : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 0 1 : Valid edge of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

/|lll : 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

*/

222

/*IIl] : Other than above : Setting prohibited */

P

F*||||4--m-mmmm e : Selection of slave/master of channel 1 */

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

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

||

[*]||[4=m=mmmmmmmmmee : Selection of count clock (TCLK) of channel 0 */

/*||| : 0 : Operation clock MCK specified by CKSO01 bit */

/*|| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1
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Al (the timer input used with channel 1 is selected by using TISO register).
||l

[*|4mmmmmmmm e : Be sure to set 00 */

7%/

A : Selection of operation clock (MCK) of channel 1 */

/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO1 = CCKO0_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */

/* CH4:for DMA */

TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
HNIN++++--- : [1]Operation mode of channel 4 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NN : 000 0 : [1]Interval timer mode */
NN [2]Counting down */
T [3]Possible */
NN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
NN : 000 1 : [1]interval timer mode */
NN [2]Counting down */
I [3]Possible */
ZNINIIN [4]Timer interrupt is generated when counting is started */
ZANITI (timer output also changes). */
=
NN : 0 100 : [1]Capture mode */
T [2]Counting up */
T [3]Possible */
ZNINIIN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
ZNINNT: 0 10 1 : [1]Capture mode */
I [2]Counting up */
I [3]Possible */
ZNINNIIN [4]Timer interrupt is generated when counting is started */
NI (timer output also changes). */
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*/

*/

valid edge */

register). */

224

PN

PN = 0 1 1 0 : [1]Event counter mode */

R TITITI [2]Counting down */

ZANITT [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

T 11111111

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

ZANITTT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is invalid during counting operation. */
NI At that time, interrupt is not generated, either. */
PN

ZUIHNII = 1 00 1 2 [1]0One-count mode */

ZANITT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

11111111

ZUIHNII =110 0 : [1]Capture & one-count mode */

ZANITT [2]Counting up */

NI [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHNHINI (timer output does not change, either). */

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
NI

NN = Other than above : Setting prohibited */

PN

T : Be sure to set 00 */

V11111111

P +===mmme- : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 4 is selected by using TISO

NI : 00 : Falling edge */
NI =0 1 : Rising edge */

NI = 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 */
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unselected). */

1111111
|l e — : Setting of start trigger or capture trigger of channel 4 */
Il - 0 0 0 : Only software trigger start is valid (other trigger sources are

|lIl : 0 0 1 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|lll - 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

/*|I|| : Other than above : Setting prohibited */

P

L[| |4=mmmmmmmmm- : Selection of slave/master of channel 4 */

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

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

||

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

/*|| : 0 : 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).
*/
1
Fa B e : Be sure to set 00 */
1%
[ pmmmmmm e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO04 = 200; /* set interval time to 10us(=0.05us * 200) */
TMMKO4 = 1; /* disable interrupt */
}
* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
I parameter: --
*/
I return @ --
*/
* */

void fn_InitLvi(void)
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{
unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */
/*|||++++--- : Detection level */
ZIll:0000: VLVIO (4.22V) */
Fl1:0001: VLV (4.07V) ¥/
FIl:0010:VLVI2 (3.92V) ¥/
ZIl:0011:VLVI3 (3.76V) ¥/
Zll:0100:VLVI4 (3.61V) ¥/
ZIl:0101: VLVI5 (3.45V) */
ZIl1:0110:VLVI6 (3.30V) */
F1:0111:VLVIZ (3.15V) ¥/
Zll:1000:VLVI8 (2.99V) */
ZIl: 1001 : VLVIO (2.84V) */
ZlIl:1010:VLVIHO (2.68V) */
£Il:1011:VLVIT (2.53V) */
Fll:1100:VLVI12 (2.38V) */
Al 1101 :VLVII3 (2.22V) */
All:1110:VLVI4 (2.07V) ¥/
A 1111 VLVIH5 (1.91V) */
P
JA : Be sure to set 0000 */
LVIM = 0b10000000; /* Low-Voltage Detection Register */
IIl|+--- : LVIF Low-voltage detection flag */
Il 0:* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */
NN * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
A= 1 = * LVISEL = 0: VDD < VLVI */
2N * LVISEL = 1: EXLVI < VEXLVI */
T 111111
/|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)
*/
Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */
I when VDD drops lower than VLVI (VDD < VLVI) */
N or when VDD becomes VLVI or higher (VDD >= VLVI).
*/
N * LVISEL = 1: Generates an interrupt signal */
NN when EXLVI drops lower than VEXLVI (EXLVI <
VEXLVI) */
N or when EXLVI becomes VEXLVI or higher (EXLVI >=

226
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VEXLVI). */

Ml = 1 : * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

NN and releases the reset signal when VDD >= VLVI. */

NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
VEXLVI */

N and releases the reset signal when EXLVI >= VEXLVI.
*/

111110t

/|I|||+----- : Voltage detection selection(LVISEL) */

/*||ll| : O : Detects level of supply voltage (VDD) */

/||l : 1 : Detects level of input voltage from external input pin (EXLVI) */

P

L B : Be sure to set 0000 */

%

J : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/*:1: Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){

NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
/* */
/* Module: fn_Dmalnit
*/
/* Description: Setting of DMA contoroler */
/[ parameter: --
*/
I return = --
*/
r* */

void fn_Dmalnit(void)
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*/

*/

228

DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO; /* DMA SFR Address Register
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO = 0b01100100; /* DMA Mode Control Register 0 */

111111100

T ++++---m--- IFC3-IFCO */

Al [Selection of DMA start source] */

Al 0000:Disables DMA transfer by interrupt */

il (Only software trigger is enabled.) */

Al 0010:INTTMOO */

Al 0011:INTTMO1 */

Al 0100:INTTMO04 */

Al 0101:INTTMOS5 */

Al 0110:INTSTO/INTCSIO0 */

Al 0111:INTSRO/INTCSIO1 */

Al 1000:INTST1/INTCSIH0/INTIIC10 */

Al 1001:INTSR1 */

Il 1010:INTST3 ¥/

Al 1011:INTSR3 */

Al 1100:INTAD */

[A|[|4=m=m=mmm- DWAITO */

| [Pending of DMA transfer] */

Al 0:Executes DMA transfer upon DMA start request (not held pending).

Al 1:Holds DMA start request pending if any. */

[*||4=mmmmmmen DSO0 */

Al [Specification of transfer data size for DMA transfer] */

Al 0:8bits */

Al 1:16bits */

[H|4mmmmmmmeeeee DRSO */

/| [Selection of DMA transfer direction] */

A 0:SFR to internal RAM */

/| 1:Internal RAM to SFR */

[Fgpmmmmmnnmeee- STGO */

/ [DMA transfer start software trigger] */

I 0:No trigger operation */

/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
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DSTO =1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
}
r* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
/* return -
*/
/* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1=1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while('TMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 ¥/
}
/* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */
r* parameter: --
*/
I return -
*/
/* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,

and voltage reference */
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/* */
/* Initialization of Voltage reference */
r* */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/||| +]++--- : [1]Positive reference voltage supplies selection of A/D and D/A

converters */

AllIn| [2]Operationcontrol of voltage reference */

Al [3]Output voltage selection of voltage reference */

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

MllIN [5]Relationship with the conversion mode used */

FIEE

/|ll']: 000 : [1]JAVREFP (external voltage reference input) */

M [2]Stops operation (Hi-Z) */

iy [3]12.5 V */

allln [4]Stops operation */

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

FIEE

Ill']:010:[1]AVREFP (external voltage reference input) */

M [2]Stops operation (Hi-Z) */

iy [3]12.0 V ¥/

Al [4]Enables operation */

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

FIET

ll']:100:[1]VREFOUT (voltage reference output) */

Al [2]Stops operation (pull-down output) */
N [3]2.5V ¥/

Ml [4]Stops operation */

T [51-*/

11N

Mll']:101:[1]VREFOUT (voltage reference output) */

Al [2]Enables operation */

AllIN [3]125V ¥/

Ml [4]Enables operation */

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

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

Al [2]Stops operation (pull-down output) */
alllg: [3]12.0V*/

I [4]Enables operation */

iy [51-*/

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

Al

[2]Enables operation */

I [3]12.0V*/

N [4]Enables operation */

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

P

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

P

[H |+t mee- : Be sure to set 0000 */

%/

e : Reference voltage supply (negative side) of A/D converter selection */
/*:0: AVSS ¥/

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

ADVRC.0 = 1;
ADVRC.1 = 1;

ADPC = 0b00000000;
/*|||+++++--- : Analog input (A)/digital I/O (D) switching */

alle
alle
AllE

||

/* Enables operation */
/* Qutput 2.0 V */

/* A/D Port Configuration Register */

ANI15/AVREFM/P157 */
| +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */

[ ]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/*|ll:00000:AAAAAAAAAAAAY
/*lIl:00001:AAAAAAAAAAADY
/*|]|]:00010:AAAAAAAAAADD?Y
/l|:00011:AAAAAAAAADDD?Y
/*ll:00100: AAAAAAAADDDDY
/lIl:00101:AAAAAAADDDDD?Y
/*lIl:00110:AAAAAADDDDDD?Y
/Il:00111:AAAAADDDDDDD?¥
/*|I|]:01000:AAAADDDDDDDD?
/lIl:01001:AAADDDDDDDDD?¥
/l|:01010: AADDDDDDDDDD*
Il:01111:ADDDDDDDDDDD*
/*ll:10000:DDDDDDDDDDDD*

----- : Be sure to set 000 */

/* wait for settling time to 17msec */
fn_Wait500usBase(17000/500);

/*
/*

*/

Initialization of operational amplifier */

00oooooooooono U20228JJ1V0AN

231



OOA ODOOODODOODOO

r” */
PM2.1 =1;
PM2.0 = 1;
PM2.2 =1;

PM2.4 = 1;
PM2.3 = 1;
PM2.5 = 1;

PM2.7 = 1;
PM2.6 = 1;
PM15.0 = 1;

PM11.0 =1;

ADCEN = 1;
OAC.0=1;
OAC.1=0;
OAC.2 =0;

/* */
r* Initialization of D/A converter
r* */
DACEN = 1;

DAM.O = 1;
output mode */
DAM.2 = 1;
DAM.6 = 1;
is VREFOUT */
DACSWO0 = aushDacData[99];

/* set D/A chanell */
DAM.1 = 0;
mode */
DAM.3 = 1;
DACSW1 = aushDacData[80];

}
/*

/* Module: main
*/

/* Description: Main process

/* input port mode (AMPOO) */
/* input port mode (AMPO-) */
/* input port mode (AMPO+) */
/* input port mode (AMP10) */
/* input port mode (AMP1-) */
/* input port mode (AMP1+) */
/* input port mode (AMP20) */
/* input port mode (AMP2-) */
/* input port mode (AMP2+) */
/* input port mode (ANOO) */
/* supplies input clock to OPAmp A/D converter */
/* operational amplifier (AMPO) enable */
/* operational amplifier (AMP1) disable */
/* operational amplifier (AMP2) disable */

*/

/* supplies input clock to D/A converter */

/* [DAMDO] D/A converter operation is Real-time

/* [DARESOQ]D/A conversion resolution is 12-bit */

/* [DAREF] D/A converter positive reference voltage

/* D/A conversion value setting reigster 0 */

/* [DAMD1] D/A converter operation is Normal

/* [IDARES1]D/A conversion resolution is 12-bit */

/* D/A conversion value setting reigster 1 */
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*/
A parameter: --
*/
r* return = :--
*/
r* */
void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
ushCycleCount = 0; /* Cycle counter */
DACE1 = 1; /* D/A converter CH1 enable */
DACEO = 1; /* D/A converter CHO enable */
r* */
r* */
/ Main Loop */
/* */
/* */
/* initialize D/Aconverter data */

for(count = 0; count<100; count++){

ushDacData[count] = aushDacData[count];

}
TSOL.4 = 1; /* start TAUO CH4 */
TMIF04 = 0; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */
El(); /* enable all interrupts */
r* */
/* if system have nothing to do, go to standby for power-saving */
I */
while (1){
HALTY();
NOP();
}
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/* stop TAUO CH4 */

/* set HALT mode and wait conversion finished */

}
/
/* Module: fn_intdma0
*/
/* Description: DMA chO interruput process
A parameter: --
*/
A return @ --
*/
/
__interrupt void fn_intdmaO(void)
{
TTOL4 =1;
/* start A/D conversion */
/[ DI(); /* disable all interrupts */
ADCS =1; /* A/D converter enable */
ADIF = 0; /* clear A/D interrupt request flag */
ADMK = 0; /* enable A/D interrupt */
HALT();
ADMK = 1; /* disable A/D interrupt */
ADIF = 0; /* clear A/D interrupt request flag */
/* EI(); /* enable all interrupts */

shVoltage = (short)(ADCR & 0xOfff);
shVoltage -= (2048 - 1);
if(shVoltage < 0){

DACSW1 +=1;
}
else if(shVoltage > 2){
DACSW1 -=1;
}

ushCycleCount++;

if(ushCycleCount > 100){
DACSW1 = ushDacData[95];
ushCycleCount = 0;

/* get A/D result */

/* D/A conversion value setting reigster 1 */

/* D/A conversion value setting reigster 1 */

/* Cycle counter */
/* Cycle counter */
/* D/A conversion value setting reigster 1 */

/* reset Cycle counter */
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DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */

DBCO = 100; /* DMA Byte Count Register 0 */

DSTO =1; /* DMA transfer is started when DMA operation is enabled
(DENO =1). ¥/

TSOL.4 = 1; /* start TAUO CH4 */

TMIF04 = 0O; /* reset INTTMO4 interrupt request */
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4000000 DODOOoOoOOoOoOoOoOoOoOoOoooO

e main.c

/*
* 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

*/

/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

#pragma interrupt INTDMAO fn_intdmaO RB1

r* */
/* Include files
*/
/* */
/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */
#define CCKO0_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */
/* */
/* Function prototyps
*/
/* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
*/
void fn_InitPort(void); /* Setting of 1/0
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ports */

void fn_InitTauO(void);
array unit 0 */

void fn_InitLvi(void);

Low-voltage detectior */

void fn_InitVr(void);
Voltage reference */
void fn_AdcDaclnit(void);
void fn_Dmalnit(void);
controler */
/* */

/* Extern variables/constants

*/

r* */
I* */
/* Local constants

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

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

*/
/* */
static  short shVoltage;/* voltage (Hex) */
static  unsigned short ushCycleCount; /* Cycle counter */
static  unsigned char ucCycleStatus; /* Cycle status */
/* */
/* Code

*/

/* */
/*

/* Setting of Timer

/ Setting of

/* Setting of

/* Setting of D/A converter */
/* Setting of DMA

D/A output data
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static unsigned short ushDacData[100]; /* D/A data for DMA */
const unsigned short aushDacData[100] = { /* defined D/A data */
/“n sin(0.2pi*n/100) */

r* 2048, /"0 0.100000 */
2061, 1 0.106279 */
2074, /*2 0.112533 */
2086, *3 0.118738 */
2099, /"4 0.124869 */
2111, "5 0.130902 */
2123, I*6 0.136812 */
2135, 7 0.142578 */
2147, /*8 0.148175 */
2158, *9 0.153583 */
2168, /10 0.158779 */
2179, /<11 0.163742 */
2188, 12 0.168455 */
2197, /*13 0.172897 */
2206, /*14 0.177051 */
2214, /*15 0.180902 */
2221, /16 0.184433 */
2227, " 17 0.187631 */
2233, /18 0.190483 */
2238, *19 0.192978 */
2243, /*20 0.195106 */
2246, 21 0.196858 */
2249, /* 22 0.198229 */
2251, /* 283 0.199211 */
2252, I*24 0.199803 */
2253, I*25 0.200000 */
2252, I* 26 0.199803 */
2251, *27 0.199211 */
2249, /* 28 0.198229 */
2246, /*29 0.196858 */
2243, /* 30 0.195106 */
2238, /* 31 0.192978 */
2233, /* 32 0.190483 */
2227, /* 33 0.187631 */
2221, /* 34 0.184433 */
2214, /* 35 0.180902 */
2206, /* 36 0.177051 */
2197, /37 0.172897 */
2188, /*38 0.168455 */
2179, /*39 0.163742 */
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2168,
2158,
2147,
2135,
2123,
2111,
2099,
2086,
2074,
2061,
2048,
2035,
2022,
2010,
1997,
1985,
1973,
1961,
1949,
1938,
1928,
1917,
1908,
1899,
1890,
1882,
1875,
1869,
1863,
1858,
1853,
1850,
1847,
1845,
1844,
1843,
1844,
1845,
1847,
1850,
1853,
1858,
1863,

/* 40
/* 41
/* 42
/43
/* 44
/* 45
/* 46
/* 47
/* 48
/* 49
/* 50
/* 51
/52
/* 53
/* 54
/* 55
/* 56
/¥ 57
/58
/* 59
/* 60
/* 61
/62
/* 63
/- 64
/* 65
/* 66
/* 67
/* 68
/* 69
/*70
71
72
73
/* 74
/¥ 75
/76
77
/78
/79
/* 80
/* 81
/- 82
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0.158779 */
0.153583 */
0.148175 */
0.142578 */
0.136812 */
0.130902 */
0.124869 */
0.118738 */
0.112533 */
0.106279 */
0.100000 */
0.093721 */
0.087467 */
0.081262 */
0.075131 */
0.069098 */
0.063188 */
0.057422 */
0.051825 */
0.046417 */
0.041221 */
0.036258 */
0.031545 */
0.027103 */
0.022949 */
0.019098 */
0.015567 */
0.012369 */
0.009517 */
0.007022 */
0.004894 */
0.003142 */
0.001771 */
0.000789 */
0.000197 */
0.000000 */
0.000197 */
0.000789 */
0.001771 */
0.003142 */
0.004894 */
0.007022 */
0.009517 */
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1869, /* 83 0.012369 */
1875, /* 84 0.015567 */
1882, /* 85 0.019098 */
1890, /* 86 0.022949 */
1899, /* 87 0.027103 */
1908, /* 88 0.031545 */
1917, /* 89 0.036258 */
1928, /* 90 0.041221 */
1938, /* 91 0.046417 */
1949, /* 92 0.051825 */
1961, /* 93 0.057422 */
1973, /* 94 0.063188 */
1985, /* 95 0.069098 */
1997, /* 96 0.075131 */
2010, /97 0.081262 */
2022, /* 98 0.087467 */
2035, /* 99 0.093721 */
2048 /100 0.100000 */
%
I */

/* Hardware initialization
*/
* */
void hdwinit(void)
{

DI(); /* disable all interrupts */
I */

/* Initialization of port */

I */

fn_InitPort();

r* */

I Initialization of clock */

r* */

CMC = 0b01010011; /* Clock Operation Mode Control Register */

[[lIll]+--- : Control of high-speed system clock oscillation frequency */
Il = 0 : 2 MHz <= fMX <= 10 MHz */

=1 2 10 MHz < fMX <= 20 MHz */

NN

/||[]|++---- : XT1 oscillator oscillation mode selection */
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/||| : 0 0 : Low-consumption oscillation */

Il : 0 1 : Normal oscillation */

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

Il x = don't care */

VAl 111

I|||+------ : Be sure to set 0 */

NI

|||4===--- : [1] Subsystem clock pin operation mode */
Al [2] XT1/P123 pin and XT2/P124 pin */

/|| : 0 : [1]Input port mode */

all
||

[2]Input port */

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

all
It

[2]Crystal resonator connection */

Be sure to set 0 */

: [1TJEXCLK OSCSEL High-speed system clock pin operation mode */

[2]X1/P121 pin */
[3]X2/EXCLK/P122 pin */

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

/*
~xl

[2][3]Input port */

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

"

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

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

r~xl

[2][3]Input port */

/*: 11 : [1]External clock input mode */

MSTOP = 0;
XTSTOP = 0;

OSMC = 0b00000001;

P\ ++-=--:
Zlir-=00:
FIr=01:
F=10:
1111

[*|+++++----

[2]Input port */

[3]External clock input */

/* X1 oscillator operating */

/* XT1 oscillator operating */

/* Operation Speed Mode Control Register */
fCLK frequency selection */
Operates at a frequency of 10 MHz or less. */
Operates at a frequency higher than 10 MHz. */

Operates at a frequency of 1 MHz. */

- : Be sure to set 00000 */
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[*pmmmmmnnann : 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 1 : Stops subsystem clock supply to peripheral functions except real-time

counter, */
I* clock output/buzzer output, 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:flH*
/*|1:00x001:flH/2 (default) */
F1]1:00x010:fIH2/2 %/

/| 1:00x011:fIH2r3*
F1]:00x100:flH/2M ¥/
/1:00x101:fIH275*
/1]1:01x000:fMX*/
/1]1:01x001:fMX/2 %
F1]:01x010:fMX/2/2 %/
1:01x011:fMX/2A3 %/
/*1:01x100:fMX/274 %/
F1]1:01x101 : fMX/2/5 */
1:1x0xxx:fSUB*/

M1 x1xxx:fSUB/2*/

/*| | : Other than above : Setting prohibited */
/*|| x=don't care */

|
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[ mmmmmme : 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 */
£l : 000 : 278X */

£l : 001 : 289/X */

2l :010:2M0/MX ¥/

P01 1 284X Y

Il :100: 283X ¥/

101 2M5/4X ¥/

Pl :110:2M7AX Y

Pl 111 2M8AX Y

7

A e : Be sure to set 000000 */
/* */
/* Initialization of timer */
/* i

fn_InitTau0();

/* software to wait for the operation stabilization time */
/* (over 200ms from when XT1 enable) */

fn_Wait500usBase(200000/500);

r* */

/* Initialization of low-voltage detector */

r* */

fn_InitLvi();

r* */

/* Initialization of A/D,D/A,OPAmp */
r* */

fn_AdcDaclnit();
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r* */
/* Initialization of DMA */
/* */
fn_Dmalnit();
El(); /* enable all interrupts */
}
/* */
/* Module: fn_InitPort
*/
/* Description: Setting of I/O ports */
A parameter: --
*/
r* return @ --
*/
r* */
void fn_InitPort(void)
{
/* */
A Ports configuration for digital input and output */
r* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||+++++--- : Analog input (A)/digital I/O (D) switching */
M - ¢ ANI15/AVREFM/P157 */
M - | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

244

Fl:00000:AAAAAAAAAAAAY
/l:00001:AAAAAAAAAAAD?Y
FIl:00010:AAAAAAAAAADD?*
/Il:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD*
/l:00110:AAAAAADDDDDD?Y
/ll:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?¥
/Il:01001:AAADDDDDDDDD?Y
/Il:01010:AADDDDDDDDDD*
/ll:01111:ADDDDDDDDDDD ¥
/l:10000:DDDDDDDDDDDDY
Il

J e : Be sure to set 000 */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*

*/

Setting of Port 0
*/

*/

PO = 0b00000000;
PMO=  0b11111000;

/* Set PO0-P02 Output latch to Low */
/* Set P00-P02 to output port */
/* P0O0-P02:Unused */

*/

Setting of Port 1
*/

*/

P1= 0b00000000;
PM1 = 0b00000000;

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

Setting of Port 2
*/

*/

*/

P2 = 0b00000000;
PM2= Ob11111111;

/* Set P20-P27 Output latch to Low */
/* Set P20-P27 to input port */
/* P20-P27:Unused */

*/

Setting of Port 3
*/

*/

P3 = 0b00001100;

PM3 = 0b11100000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */
/* Set P30-P34 to output port */

/* P30-P34:Unused */

*/

Setting of Port 4
*/

*/

P4 = 0b00000000;
PM4 = 0b11111100;

/* Set P40-P41 Output latch to Low */
/* Set P40-P41 to output port */
/* P40-P41:Unused */

*/
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/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

246

Setting of Port 5
*/

*/

P5 = 0b00000000;
PM5 = 0b11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

*/

Setting of Port 6
*/

*/

P6 = 0b00000000;
PM6=  0b11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7
*/

*/

P7 = 0b00000000;
PM7 = 0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8
*/

*/

P8 = 0b00000000;
PM8 = 0b00000000;

/* Set P80-P88 Output latch to Low */
/* Set P80-P88 to output port */
/* P80-P88:Unused */

Setting of Port 9
*/

*/

P9 = 0b00000000;
PM9 = 0b00000000;

*/

/* Set P90-P97 Output latch to Low */

/* Set P90-P97 to output port */

/* P90-P97:Unused */

Setting of Port 10
*/

*/

*/
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

P10 = 0b00000000;
PM10= 0b11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */
/* P100-P102:Unused */

*/

Setting of Port 11
*/

P11 = 0b00000000;
PM11 = 0b11111100;

*/

/* Set P110-P111 Output latch to Low */

/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12
*/

*/

P12 = 0b00000000;
PM12= 0b11111110;

/* Set P120 Output latch to Low */
/* 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;
PM14 = 0b00000000;

*/

/* Set P140-P147 Output latch to Low */

/* Set P140-P147 to output port */

/* P140-P147:Unused */

*/

Setting of Port 15
*/

*/

P15 = 0b00000000;
PM15=0b11111111;

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */
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r* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit 0 */
A parameter: --
*/
A return @ --
*/
r* */

void fn_InitTauO(void)

TAUOEN = 1; /* supplies input clock to timer array unit 0 */
TPSOL = 0b00000010; /* Timer Clock Select Register 0 */
/*||||++++--- : Selection of operation clock (CKO0O0) */
J : Selection of operation clock (CKO1) */
/20000 : CKOm = fCLK */
/*:0001: CKOm = fCLK/2 */
/*:0010:CKOm = fCLK/2/2 */
/*:0011: CKOm = fCLK/2A3 */
/*:0100: CKOm = fCLK/2/\4 */
/*:0101: CKOm = fCLK/275 */
/*:0110:CKOm = fCLK/2"6 */
/*:0111:CKOm = fCLK/2/7 */
/*:100 0 : CKOm = fCLK/278 */
/*:100 1 : CKOm = fCLK/2A9 */
/*:1010:CKOm = fCLK/2A10 */
/*:1011:CKOm = fCLK/2A11 */
/*:1100: CKOm = fCLK/2AM2 */
/*:1101:CKOm = fCLK/2A13 */
/*:1110:CKOm = fCLK/2A14 */
/*:1111:CKOm = fCLK/2AM5 */

/¥ m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
NN |++++--- : [1]Operation mode of channel 1 */
NN [2]Count operation of TCR */
ZNININ [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
ZINNNI = 000 0 : [1]Interval timer mode */
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*/

*/
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I

[2]Counting down */
[3]Possible */

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

(timer output does not change, either). */
*/
1000 1:[1]Interval timer mode */
[2]Counting down */
[3]Possible */
[4]Timer interrupt is generated when counting is started */
(timer output also changes). */
*/
:0100:[1]Capture mode */
[2]Counting up */
[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). */
*/
:0110:[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. */
*/
:1001:[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is valid during counting operation. */

At that time, interrupt is also generated. */
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*/

valid edge */

register). */

unselected). */

V11111111111

NN 1100 :[1]Capture & one-count mode */

A [2]Counting up */

Y [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

I Start trigger is invalid during counting operation. */
I At that time interrupt is not generated, either. */
V1111111111

NN = Other than above : Setting prohibited */

ZIINIE=7

T : Be sure to set 00 */

v 111111111

P ===mmmee : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTCH1
I (the timer input used with channel 1 is selected by using TISO
NI : 00 : Falling edge */

NI :0 1 : Rising edge */

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

AlITTII: Start trigger: Falling edge, Capture trigger: Rising edge */

NI =1 1 : Both edges (when high-level width is measured) */

ZAI Start trigger: Rising edge, Capture trigger: Falling edge */

v 11111112

P[] 4=mmmmmmmee : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

]| : 0 0 1: Valid edge of TIO1 pin input signal, fSUB/2, {SUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|l - 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

250

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

P

[¥|||A==mmmmmmmm- : Selection of slave/master of channel 1 */

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

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

||l

[*||[+-==mmmmm e : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/||| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1
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Al (the timer input used with channel 1 is selected by using TISO register).
||t

L B : Be sure to set 00 */

7%/

A : Selection of operation clock (MCK) of channel 1 */

/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO0O1 = CCK00_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */

/* CH4:for DMA */

TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
HNIN++++--- : [1]Operation mode of channel 4 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NN : 000 0 : [1]Interval timer mode */
NN [2]Counting down */
T [3]Possible */
NN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
NN : 000 1 : [1]interval timer mode */
NN [2]Counting down */
I [3]Possible */
ZNINIIN [4]Timer interrupt is generated when counting is started */
ZANITI (timer output also changes). */
=
NN : 0 100 : [1]Capture mode */
T [2]Counting up */
T [3]Possible */
ZNINIIN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
ZNINNT: 0 10 1 : [1]Capture mode */
I [2]Counting up */
I [3]Possible */
ZNINNIIN [4]Timer interrupt is generated when counting is started */
NI (timer output also changes). */
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*/

*/

valid edge */

register). */

252

PN

PN = 0 1 1 0 : [1]Event counter mode */

R TITITI [2]Counting down */

ZANITT [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

T 11111111

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

ZANITTT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is invalid during counting operation. */
NI At that time, interrupt is not generated, either. */
PN

ZUIHNII = 1 00 1 2 [1]0One-count mode */

ZANITT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

11111111

ZUIHNII =110 0 : [1]Capture & one-count mode */

ZANITT [2]Counting up */

NI [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHNHINI (timer output does not change, either). */

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
NI

NN = Other than above : Setting prohibited */

PN

T : Be sure to set 00 */

V11111111

P +===mmme- : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 4 is selected by using TISO

NI : 00 : Falling edge */
NI =0 1 : Rising edge */

NI = 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 */
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unselected). */

1111111
|l e — : Setting of start trigger or capture trigger of channel 4 */
Il - 0 0 0 : Only software trigger start is valid (other trigger sources are

|lIl : 0 0 1 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|lll - 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

/*|I|| : Other than above : Setting prohibited */

P

L[| |4=mmmmmmmmm- : Selection of slave/master of channel 4 */

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

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

||

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

/*|| : 0 : 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).
*/
1
Fa B e : Be sure to set 00 */
1%
[ pmmmmmm e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO04 = 200; /* set interval time to 10us(=0.05us * 200) */
TMMKO4 = 1; /* disable interrupt */
}
* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
I parameter: --
*/
I return @ --
*/
* */

void fn_InitLvi(void)
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{
unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */
/*|||++++--- : Detection level */
ZIll:0000: VLVIO (4.22V) */
Fl1:0001: VLV (4.07V) ¥/
FIl:0010:VLVI2 (3.92V) ¥/
ZIl:0011:VLVI3 (3.76V) ¥/
Zll:0100:VLVI4 (3.61V) ¥/
ZIl:0101: VLVI5 (3.45V) */
ZIl1:0110:VLVI6 (3.30V) */
F1:0111:VLVIZ (3.15V) ¥/
Zll:1000:VLVI8 (2.99V) */
ZIl: 1001 : VLVIO (2.84V) */
ZlIl:1010:VLVIHO (2.68V) */
£Il:1011:VLVIT (2.53V) */
Fll:1100:VLVI12 (2.38V) */
Al 1101 :VLVII3 (2.22V) */
All:1110:VLVI4 (2.07V) ¥/
A 1111 VLVIH5 (1.91V) */
P
JA : Be sure to set 0000 */
LVIM = 0b10000000; /* Low-Voltage Detection Register */
IIl|+--- : LVIF Low-voltage detection flag */
Il 0:* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */
NN * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
A= 1 = * LVISEL = 0: VDD < VLVI */
2N * LVISEL = 1: EXLVI < VEXLVI */
T 111111
/|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)
*/
Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */
I when VDD drops lower than VLVI (VDD < VLVI) */
N or when VDD becomes VLVI or higher (VDD >= VLVI).
*/
N * LVISEL = 1: Generates an interrupt signal */
NN when EXLVI drops lower than VEXLVI (EXLVI <
VEXLVI) */
N or when EXLVI becomes VEXLVI or higher (EXLVI >=

254
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VEXLVI). */

Ml = 1 : * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

NN and releases the reset signal when VDD >= VLVI. */

NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
VEXLVI */

N and releases the reset signal when EXLVI >= VEXLVI.
*/

111110t

/|I|||+----- : Voltage detection selection(LVISEL) */

/*||ll| : O : Detects level of supply voltage (VDD) */

/||l : 1 : Detects level of input voltage from external input pin (EXLVI) */

P

L B : Be sure to set 0000 */

%

J : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/*:1: Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){

NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
r* */
/* Module: fn_Dmalnit
*/
/* Description: Setting of DMA contoroler */
A parameter: --
*/
r* return @ --
*/
* */

void fn_Dmalnit(void)
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0~/

*/

*/

256

DENO = 1; /* Enables operation of DMA channel 0 */
DSAO0 = (unsigned char)&DACSWO; /* DMA SFR Address Register
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO = 0b01100100; /* DMA Mode Control Register 0 */

111111100t

||| ++++------- IFC3-IFCO */

Al [Selection of DMA start source] */

il 0000:Disables DMA transfer by interrupt */

il (Only software trigger is enabled.) */

Al 0010:INTTMO0O */

Il 0011:INTTMO1 */

Al 0100:INTTMO4 */

Al 0101:INTTMOS5 */

Al 0110:INTSTO/INTCSIO0 */

Al 0111:INTSRO/INTCSIO1 */

Al 1000:INTST1/INTCSI10/INTIIC10 */

Il 1001:INTSR1 */

Al 1010:INTST3 */

Al 1011:INTSR3 */

Al 1100:INTAD */

/||| 4==mmmmme- DWAITO */

| [Pending of DMA transfer] */

Al 0:Executes DMA transfer upon DMA start request (not held pending).

Al 1:Holds DMA start request pending if any. */

[¥||4=mmmmmmmmmee DSO0 */

Al [Specification of transfer data size for DMA transfer] */

Al 0:8bits */

Al 1:16bits */

[¥|Hmmmmmmmmeee DRSO */

/| [Selection of DMA transfer direction] */

/| 0:SFR to internal RAM */

7| 1:Internal RAM to SFR */

[Fpmmmmmnnmeeen STGO */

/ [DMA transfer start software trigger] */

/* 0:No trigger operation */

/ 1:DMA transfer is started when DMA operation is enabled (DENO = 1).

00oooooooooono U20228JJ1V0AN



OOA ODOOODODOODOO

DSTO=1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
}
/* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
I return = :--
*/
/* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1 =1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while('TMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
/* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */
A parameter: --
*/
I return = --
*/
* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,
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and voltage reference */

/™ */
/* Initialization of Voltage reference */
r* */
ADVRC = 0b00001000; /* Analog reference voltage control register */
|||+]++-- : [1]Positive reference voltage supplies selection of A/D and D/A

converters */

AllIn| [2]Operationcontrol of voltage reference */

N [3]Output voltage selection of voltage reference */

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

Al [5]Relationship with the conversion mode used */

FET

|ll']: 000 : [1]JAVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

aliin [3]2.5 V */

allln [4]Stops operation */

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

11|t

Ill']:010:[1]AVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

aliin [3]2.0 V */

Al [4]Enables operation */

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

FET

Il']:100:[1]VREFOUT (voltage reference output) */

N [2]Stops operation (pull-down output) */
N [3]2.5 V ¥/

Ml [4]Stops operation */

iy [51-/

F

MIl']:101:[1]VREFOUT (voltage reference output) */

I [2]Enables operation */

iy [3]2.5 V */

I [4]Enables operation */

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

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

N [2]Stops operation (pull-down output) */
iy [3]2.0 V */

N [4]Enables operation */

iy [51-*/

258 00oooooooooono U20228JJ1V0AN



OOA ODOOODODOODOO

ADVRC.0 = 1;
ADVRC.1 =1;

ADPC =

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

N [2]Enables operation */

T [312.0V */

Ml [4]Enables operation */

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

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

|||t

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

7/

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

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

/* Enables operation */
/* Output 2.0 V */
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 */

Fl:00000:AAAAAAAAAAAAY
Fl:00001:AAAAAAAAAAAD?Y
/l:00010:AAAAAAAAAADDY
/Il:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD ¥
/ll:00110:AAAAAADDDDDD?Y
/Il:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?*
/Il:01001:AAADDDDDDDDD?Y
/l:01010:AADDDDDDDDDD*
/l:01111:ADDDDDDDDDDDY
/l:10000:DDDDDDDDDDDDY
1|

[*tmmmmnnee : Be sure to set 000 */

/* wait for settling time to 17msec */
fn_Wait500usBase(17000/500);

/*

*/
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/* Initialization of operational amplifier

/*

PM2.1 =1;
PM2.0 = 1;
PM2.2 =1;

PM2.4 =1;
PM2.3 = 1;
PM2.5 = 1;

PM2.7 = 1;
PM2.6 = 1;
PM15.0 = 1;

PM11.0 = 1;
ADCEN = 1;
OAC.0=1;
OAC.1=0;

OAC.2=0;

/*

/* Initialization of D/A converter

/*

DACEN = 1;

DAM.O = 1;

output mode */

*/

*/

*/

r* DAM.O = 0;
mode */
DAM.2 = 1;
DAM.6 = 1;
is VREFOUT */
DACSWO0 = aushDacData[99];
/* set D/A chanell */
DAM.1 = 0;
mode */
DAM.3 = 1;
DACSW1 = aushDacData[90];
}
I

260

*/

*/

/* input port mode (AMPOO) */

/* input port mode (AMPO-) */

/* input port mode (AMPO+) */

/* input port mode (AMP10) */

/* input port mode (AMP1-) */

/* input port mode (AMP1+) */

/* input port mode (AMP20) */

/* input port mode (AMP2-) */

/* input port mode (AMP2+) */

/* input port mode (ANOQ) */

/* supplies input clock to OPAmp A/D converter */

/* operational amplifier (AMPO) enable */

/* operational amplifier (AMP1) disable */

/* operational amplifier (AMP2) disable */

*/

/* supplies input clock to D/A converter */
/* [DAMDO] D/A converter operation is Real-time

/* [DAMDO] D/A converter operation is Normal

/* [DARESO]D/A conversion resolution is 12-bit */

/* [DAREF] D/A converter positive reference voltage

/* D/A conversion value setting reigster 0 */

/* [DAMD1] D/A converter operation is Normal

/* [DARES1]D/A conversion resolution is 12-bit */

/* D/A conversion value setting reigster 1 */
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/* Module: main
*/
/* Description: Main process
*/
A parameter: --
*/
I return = :--
*/
* */

void main(void)

{

unsigned short count; /* counter for initializing D/A convert data */

ushCycleCount = 0; /* Cycle counter */

ucCycleStatus = 0; /* Cycle status */

DACE1 =1; /* D/A converter CH1 enable */
DACEO = 1; /* D/A converter CHO enable */

/* */
r* */

r* Main Loop */

r* */

r* */

~

* initialize D/Aconverter data */
for(count = 0; count<100; count++){

ushDacData[count] = aushDacData[count];

!

TSOL.4 = 1; /* start TAUO CH4 */

TMIF04 = 0O; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */

EI(); /* enable all interrupts */

I */
/* if system have nothing to do, go to standby for power-saving */

I */
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while (1){
HALT();
NOP();
}
}
/* */
/* Module: fn_intdma0
*/
/* Description: DMA chO interruput process */
/ parameter: --
*/
r return = --
*/
* */
__interrupt void fn_intdma0(void)
{
TTOL4 =1; /* stop TAUO CH4 */
/* start A/D conversion */
/ DI(); /* disable all interrupts */
ADCS =1; /* A/D converter enable */
ADIF = 0; /* clear A/D interrupt request flag */
ADMK = 0; /* enable A/D interrupt */
HALT(); /* set HALT mode and wait conversion finished */
ADMK = 1; /* disable A/D interrupt */
ADIF = 0; /* clear A/D interrupt request flag */
A El(); /* enable all interrupts */
shVoltage = (short)(ADCR & 0xO0fff); /* get A/D result */

262

shVoltage -= (2048 - 1);
if(shVoltage < 0){

DACSW1 +=1; /* D/A conversion value setting reigster 1 */
}
else if(shVoltage > 2){

DACSW1 -=1; /* D/A conversion value setting reigster 1 */
}
ushCycleCount++; /* Cycle counter */
if(ushCycleCount > 50){ /* Cycle counter */

switch(ucCycleStatus){ /* Cycle status */
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to

to

case 0:
TDRO04 = 2000; /* set interval time
100us(=0.05us * 2000) */
ucCycleStatus = 1; /* Cycle status (100Hz) */
ushCycleCount = 20; /* reset Cycle counter */
break;
case 1
TDRO04 = 200; /¥ set interval time
10us(=0.05us * 200) */
ucCycleStatus = 0; /* Cycle status (1kHz) */
ushCycleCount = 0; /* reset Cycle counter */
break;
}
DACSW1 = ushDacData[90]; /* D/A conversion value setting reigster 1 */
/ ushCycleCount = 0; /* reset Cycle counter */
}
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DSTO=1; /* DMA transfer is started when DMA operation is

enabled (DENO = 1). */

TSOL.4 =1;
TMIFO04 = 0;

/* start TAUO CH4 */
/* reset INTTMO4 interrupt request */
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(5) 00O0OOD0O OO

e main.c

/*
* 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

*/

/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

#pragma interrupt INTDMAO fn_intdmaO RB1

r* */
/* Include files
*/
/* */
/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */
#define CCKO0_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */
/* */
/* Function prototyps
*/
/* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
*/
void fn_InitPort(void); /* Setting of 1/0
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ports */

void fn_InitTauO(void);
array unit 0 */

void fn_InitLvi(void);

Low-voltage detectior */

void fn_InitVr(void);
Voltage reference */
void fn_AdcDaclnit(void);
void fn_Dmalnit(void);
controler */
/* */

/* Extern variables/constants

*/

r* */
I* */
/* Local constants

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

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

*/
/* */
static  short shVoltage;/* voltage (Hex) */
static  unsigned short ushCycleCount; /* Cycle counter */
static  unsigned char ucCycleStatus; /* Cycle status */
/* */
/* Code

*/

/* */
/*

/* Setting of Timer

/ Setting of

/* Setting of

/* Setting of D/A converter */
/* Setting of DMA

D/A output data
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static unsigned short ushDacData[100]; /* D/A data for DMA */
const unsigned short aushDacData[100] = { /* defined D/A data */
/“n sin(0.2pi*n/100) */

r* 2048, /"0 0.100000 */
2061, 1 0.106279 */
2074, /*2 0.112533 */
2086, *3 0.118738 */
2099, /"4 0.124869 */
2111, "5 0.130902 */
2123, I*6 0.136812 */
2135, 7 0.142578 */
2147, /*8 0.148175 */
2158, *9 0.153583 */
2168, /10 0.158779 */
2179, /<11 0.163742 */
2188, 12 0.168455 */
2197, /*13 0.172897 */
2206, /*14 0.177051 */
2214, /*15 0.180902 */
2221, /16 0.184433 */
2227, " 17 0.187631 */
2233, /18 0.190483 */
2238, *19 0.192978 */
2243, /*20 0.195106 */
2246, 21 0.196858 */
2249, /* 22 0.198229 */
2251, /* 283 0.199211 */
2252, I*24 0.199803 */
2253, I*25 0.200000 */
2252, I* 26 0.199803 */
2251, *27 0.199211 */
2249, /* 28 0.198229 */
2246, /*29 0.196858 */
2243, /* 30 0.195106 */
2238, /* 31 0.192978 */
2233, /* 32 0.190483 */
2227, /* 33 0.187631 */
2221, /* 34 0.184433 */
2214, /* 35 0.180902 */
2206, /* 36 0.177051 */
2197, /37 0.172897 */
2188, /*38 0.168455 */
2179, /*39 0.163742 */
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2168,
2158,
2147,
2135,
2123,
2111,
2099,
2086,
2074,
2061,
2048,
2035,
2022,
2010,
1997,
1985,
1973,
1961,
1949,
1938,
1928,
1917,
1908,
1899,
1890,
1882,
1875,
1869,
1863,
1858,
1853,
1850,
1847,
1845,
1844,
1843,
1844,
1845,
1847,
1850,
1853,
1858,
1863,

/* 40
/* 41
/* 42
/43
/* 44
/* 45
/* 46
/* 47
/* 48
/* 49
/* 50
/* 51
/52
/* 53
/* 54
/* 55
/* 56
/¥ 57
/58
/* 59
/* 60
/* 61
/62
/* 63
/- 64
/* 65
/* 66
/* 67
/* 68
/* 69
/*70
71
72
73
/* 74
/¥ 75
/76
77
/78
/79
/* 80
/* 81
/- 82
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0.158779 */
0.153583 */
0.148175 */
0.142578 */
0.136812 */
0.130902 */
0.124869 */
0.118738 */
0.112533 */
0.106279 */
0.100000 */
0.093721 */
0.087467 */
0.081262 */
0.075131 */
0.069098 */
0.063188 */
0.057422 */
0.051825 */
0.046417 */
0.041221 */
0.036258 */
0.031545 */
0.027103 */
0.022949 */
0.019098 */
0.015567 */
0.012369 */
0.009517 */
0.007022 */
0.004894 */
0.003142 */
0.001771 */
0.000789 */
0.000197 */
0.000000 */
0.000197 */
0.000789 */
0.001771 */
0.003142 */
0.004894 */
0.007022 */
0.009517 */
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1869, /* 83 0.012369 */
1875, /* 84 0.015567 */
1882, /* 85 0.019098 */
1890, /* 86 0.022949 */
1899, /* 87 0.027103 */
1908, /* 88 0.031545 */
1917, /* 89 0.036258 */
1928, /* 90 0.041221 */
1938, /* 91 0.046417 */
1949, /* 92 0.051825 */
1961, /* 93 0.057422 */
1973, /* 94 0.063188 */
1985, /* 95 0.069098 */
1997, /* 96 0.075131 */
2010, /97 0.081262 */
2022, /* 98 0.087467 */
2035, /* 99 0.093721 */
2048 /100 0.100000 */
%
I */

/* Hardware initialization
*/
* */
void hdwinit(void)
{

DI(); /* disable all interrupts */
I */

/* Initialization of port */

I */

fn_InitPort();

r* */

I Initialization of clock */

r* */

CMC = 0b01010011; /* Clock Operation Mode Control Register */

[[lIll]+--- : Control of high-speed system clock oscillation frequency */
Il = 0 : 2 MHz <= fMX <= 10 MHz */

=1 2 10 MHz < fMX <= 20 MHz */

NN

/||[]|++---- : XT1 oscillator oscillation mode selection */
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/||| : 0 0 : Low-consumption oscillation */

Il : 0 1 : Normal oscillation */

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

Il x = don't care */

VAl 111

I|||+------ : Be sure to set 0 */

NI

|||4===--- : [1] Subsystem clock pin operation mode */
Al [2] XT1/P123 pin and XT2/P124 pin */

/|| : 0 : [1]Input port mode */

all
||

[2]Input port */

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

all
It

[2]Crystal resonator connection */

Be sure to set 0 */

: [1TJEXCLK OSCSEL High-speed system clock pin operation mode */

[2]X1/P121 pin */
[3]X2/EXCLK/P122 pin */

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

/*
~xl

[2][3]Input port */

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

"

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

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

r~xl

[2][3]Input port */

/*: 11 : [1]External clock input mode */

MSTOP = 0;
XTSTOP = 0;

OSMC = 0b00000001;

P\ ++-=--:
Zlir-=00:
FIr=01:
F=10:
1111

[*|+++++----

[2]Input port */

[3]External clock input */

/* X1 oscillator operating */

/* XT1 oscillator operating */

/* Operation Speed Mode Control Register */
fCLK frequency selection */
Operates at a frequency of 10 MHz or less. */
Operates at a frequency higher than 10 MHz. */

Operates at a frequency of 1 MHz. */

- : Be sure to set 00000 */
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[*pmmmmmnnann : 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 1 : Stops subsystem clock supply to peripheral functions except real-time

counter, */
I* clock output/buzzer output, 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:flH*
/*|1:00x001:flH/2 (default) */
F1]1:00x010:fIH2/2 %/

/| 1:00x011:fIH2r3*
F1]:00x100:flH/2M ¥/
/1:00x101:fIH275*
/1]1:01x000:fMX*/
/1]1:01x001:fMX/2 %
F1]:01x010:fMX/2/2 %/
1:01x011:fMX/2A3 %/
/*1:01x100:fMX/274 %/
F1]1:01x101 : fMX/2/5 */
1:1x0xxx:fSUB*/

M1 x1xxx:fSUB/2*/

/*| | : Other than above : Setting prohibited */
/*|| x=don't care */

|
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[ mmmmmme : 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 */
£l : 000 : 278X */

£l : 001 : 289/X */

2l :010:2M0/MX ¥/

P01 1 284X Y

Il :100: 283X ¥/

101 2M5/4X ¥/

Pl :110:2M7AX Y

Pl 111 2M8AX Y

7

A e : Be sure to set 000000 */
/* */
/* Initialization of timer */
/* i

fn_InitTau0();

/* software to wait for the operation stabilization time */
/* (over 200ms from when XT1 enable) */

fn_Wait500usBase(200000/500);

r* */

/* Initialization of low-voltage detector */

r* */

fn_InitLvi();

r* */

/* Initialization of A/D,D/A,OPAmp */
r* */

fn_AdcDaclnit();
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r* */
/* Initialization of DMA */
/* */
fn_Dmalnit();
El(); /* enable all interrupts */
}
/* */
/* Module: fn_InitPort
*/
/* Description: Setting of I/O ports */
A parameter: --
*/
r* return @ --
*/
r* */
void fn_InitPort(void)
{
/* */
A Ports configuration for digital input and output */
r* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||+++++--- : Analog input (A)/digital I/O (D) switching */
M - ¢ ANI15/AVREFM/P157 */
M - | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

272

Fl:00000:AAAAAAAAAAAAY
/l:00001:AAAAAAAAAAAD?Y
FIl:00010:AAAAAAAAAADD?*
/Il:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD*
/l:00110:AAAAAADDDDDD?Y
/ll:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?¥
/Il:01001:AAADDDDDDDDD?Y
/Il:01010:AADDDDDDDDDD*
/ll:01111:ADDDDDDDDDDD ¥
/l:10000:DDDDDDDDDDDDY
Il

J e : Be sure to set 000 */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*

*/

Setting of Port 0
*/

*/

PO = 0b00000000;
PMO=  0b11111000;

/* Set PO0-P02 Output latch to Low */
/* Set P00-P02 to output port */
/* P0O0-P02:Unused */

*/

Setting of Port 1
*/

*/

P1= 0b00000000;
PM1 = 0b00000000;

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

Setting of Port 2
*/

*/

*/

P2 = 0b00000000;
PM2= Ob11111111;

/* Set P20-P27 Output latch to Low */
/* Set P20-P27 to input port */
/* P20-P27:Unused */

*/

Setting of Port 3
*/

*/

P3 = 0b00001100;

PM3 = 0b11100000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */
/* Set P30-P34 to output port */

/* P30-P34:Unused */

*/

Setting of Port 4
*/

*/

P4 = 0b00000000;
PM4 = 0b11111100;

/* Set P40-P41 Output latch to Low */
/* Set P40-P41 to output port */
/* P40-P41:Unused */

*/
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/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

274

Setting of Port 5
*/

*/

P5 = 0b00000000;
PM5 = 0b11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

*/

Setting of Port 6
*/

*/

P6 = 0b00000000;
PM6=  0b11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7
*/

*/

P7 = 0b00000000;
PM7 = 0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8
*/

*/

P8 = 0b00000000;
PM8 = 0b00000000;

/* Set P80-P88 Output latch to Low */
/* Set P80-P88 to output port */
/* P80-P88:Unused */

Setting of Port 9
*/

*/

P9 = 0b00000000;
PM9 = 0b00000000;

*/

/* Set P90-P97 Output latch to Low */

/* Set P90-P97 to output port */

/* P90-P97:Unused */

Setting of Port 10
*/

*/

*/
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

P10 = 0b00000000;
PM10= 0b11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */
/* P100-P102:Unused */

*/

Setting of Port 11
*/

P11 = 0b00000000;
PM11 = 0b11111100;

*/

/* Set P110-P111 Output latch to Low */

/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12
*/

*/

P12 = 0b00000000;
PM12= 0b11111110;

/* Set P120 Output latch to Low */
/* 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;
PM14 = 0b00000000;

*/

/* Set P140-P147 Output latch to Low */

/* Set P140-P147 to output port */

/* P140-P147:Unused */

*/

Setting of Port 15
*/

*/

P15 = 0b00000000;
PM15=0b11111111;

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */
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r* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit 0 */
A parameter: --
*/
A return @ --
*/
r* */

void fn_InitTauO(void)

TAUOEN = 1; /* supplies input clock to timer array unit 0 */
TPSOL = 0b00000010; /* Timer Clock Select Register 0 */
/*||||++++--- : Selection of operation clock (CKO0O0) */
J : Selection of operation clock (CKO1) */
/20000 : CKOm = fCLK */
/*:0001: CKOm = fCLK/2 */
/*:0010:CKOm = fCLK/2/2 */
/*:0011: CKOm = fCLK/2A3 */
/*:0100: CKOm = fCLK/2/\4 */
/*:0101: CKOm = fCLK/275 */
/*:0110:CKOm = fCLK/2"6 */
/*:0111:CKOm = fCLK/2/7 */
/*:100 0 : CKOm = fCLK/278 */
/*:100 1 : CKOm = fCLK/2A9 */
/*:1010:CKOm = fCLK/2A10 */
/*:1011:CKOm = fCLK/2A11 */
/*:1100: CKOm = fCLK/2AM2 */
/*:1101:CKOm = fCLK/2A13 */
/*:1110:CKOm = fCLK/2A14 */
/*:1111:CKOm = fCLK/2AM5 */

/¥ m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
NN |++++--- : [1]Operation mode of channel 1 */
NN [2]Count operation of TCR */
ZNININ [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
ZINNNI = 000 0 : [1]Interval timer mode */
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[2]Counting down */
[3]Possible */

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

(timer output does not change, either). */
*/
1000 1:[1]Interval timer mode */
[2]Counting down */
[3]Possible */
[4]Timer interrupt is generated when counting is started */
(timer output also changes). */
*/
:0100:[1]Capture mode */
[2]Counting up */
[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). */
*/
:0110:[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. */
*/
:1001:[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is valid during counting operation. */

At that time, interrupt is also generated. */
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*/

valid edge */

register). */

unselected). */

V11111111111

NN 1100 :[1]Capture & one-count mode */

A [2]Counting up */

Y [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

I Start trigger is invalid during counting operation. */
I At that time interrupt is not generated, either. */
V1111111111

NN = Other than above : Setting prohibited */

ZIINIE=7

T : Be sure to set 00 */

v 111111111

P ===mmmee : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTCH1
I (the timer input used with channel 1 is selected by using TISO
NI : 00 : Falling edge */

NI :0 1 : Rising edge */

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

AlITTII: Start trigger: Falling edge, Capture trigger: Rising edge */

NI =1 1 : Both edges (when high-level width is measured) */

ZAI Start trigger: Rising edge, Capture trigger: Falling edge */

v 11111112

P[] 4=mmmmmmmee : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

]| : 0 0 1: Valid edge of TIO1 pin input signal, fSUB/2, {SUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|l - 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

278

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

P

[¥|||A==mmmmmmmm- : Selection of slave/master of channel 1 */

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

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

||l

[*||[+-==mmmmm e : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/||| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1
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Al (the timer input used with channel 1 is selected by using TISO register).
||t

L B : Be sure to set 00 */

7%/

A : Selection of operation clock (MCK) of channel 1 */

/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO0O1 = CCK00_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */

/* CH4:for DMA */

TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
HNIN++++--- : [1]Operation mode of channel 4 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NN : 000 0 : [1]Interval timer mode */
NN [2]Counting down */
T [3]Possible */
NN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
NN : 000 1 : [1]interval timer mode */
NN [2]Counting down */
I [3]Possible */
ZNINIIN [4]Timer interrupt is generated when counting is started */
ZANITI (timer output also changes). */
=
NN : 0 100 : [1]Capture mode */
T [2]Counting up */
T [3]Possible */
ZNINIIN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
ZNINNT: 0 10 1 : [1]Capture mode */
I [2]Counting up */
I [3]Possible */
ZNINNIIN [4]Timer interrupt is generated when counting is started */
NI (timer output also changes). */
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*/

*/

valid edge */

register). */

280

PN

PN = 0 1 1 0 : [1]Event counter mode */

R TITITI [2]Counting down */

ZANITT [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

T 11111111

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

ZANITTT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is invalid during counting operation. */
NI At that time, interrupt is not generated, either. */
PN

ZUIHNII = 1 00 1 2 [1]0One-count mode */

ZANITT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

11111111

ZUIHNII =110 0 : [1]Capture & one-count mode */

ZANITT [2]Counting up */

NI [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHNHINI (timer output does not change, either). */

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
NI

NN = Other than above : Setting prohibited */

PN

T : Be sure to set 00 */

V11111111

P +===mmme- : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 4 is selected by using TISO

NI : 00 : Falling edge */
NI =0 1 : Rising edge */

NI = 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 */
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unselected). */

1111111
|l e — : Setting of start trigger or capture trigger of channel 4 */
Il - 0 0 0 : Only software trigger start is valid (other trigger sources are

|lIl : 0 0 1 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|lll - 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

/*|I|| : Other than above : Setting prohibited */

P

L[| |4=mmmmmmmmm- : Selection of slave/master of channel 4 */

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

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

||

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

/*|| : 0 : 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).
*/
1
Fa B e : Be sure to set 00 */
1%
[ pmmmmmm e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO04 = 2000; /* set interval time to 100us(=0.05us * 2000) */
TMMKO4 = 1; /* disable interrupt */
}
* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
I parameter: --
*/
I return @ --
*/
* */

void fn_InitLvi(void)
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{
unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */
/*|||++++--- : Detection level */
ZIll:0000: VLVIO (4.22V) */
Fl1:0001: VLV (4.07V) ¥/
FIl:0010:VLVI2 (3.92V) ¥/
ZIl:0011:VLVI3 (3.76V) ¥/
Zll:0100:VLVI4 (3.61V) ¥/
ZIl:0101: VLVI5 (3.45V) */
ZIl1:0110:VLVI6 (3.30V) */
F1:0111:VLVIZ (3.15V) ¥/
Zll:1000:VLVI8 (2.99V) */
ZIl: 1001 : VLVIO (2.84V) */
ZlIl:1010:VLVIHO (2.68V) */
£Il:1011:VLVIT (2.53V) */
Fll:1100:VLVI12 (2.38V) */
Al 1101 :VLVII3 (2.22V) */
All:1110:VLVI4 (2.07V) ¥/
A 1111 VLVIH5 (1.91V) */
P
JA : Be sure to set 0000 */
LVIM = 0b10000000; /* Low-Voltage Detection Register */
IIl|+--- : LVIF Low-voltage detection flag */
Il 0:* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */
NN * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
A= 1 = * LVISEL = 0: VDD < VLVI */
2N * LVISEL = 1: EXLVI < VEXLVI */
T 111111
/|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)
*/
Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */
I when VDD drops lower than VLVI (VDD < VLVI) */
N or when VDD becomes VLVI or higher (VDD >= VLVI).
*/
N * LVISEL = 1: Generates an interrupt signal */
NN when EXLVI drops lower than VEXLVI (EXLVI <
VEXLVI) */
N or when EXLVI becomes VEXLVI or higher (EXLVI >=

282
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VEXLVI). */

Ml = 1 : * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

NN and releases the reset signal when VDD >= VLVI. */

NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
VEXLVI */

N and releases the reset signal when EXLVI >= VEXLVI.
*/

111110t

/|I|||+----- : Voltage detection selection(LVISEL) */

/*||ll| : O : Detects level of supply voltage (VDD) */

/||l : 1 : Detects level of input voltage from external input pin (EXLVI) */

P

L B : Be sure to set 0000 */

%

J : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/*:1: Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){

NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
/* */
/* Module: fn_Dmalnit
*/
/* Description: Setting of DMA contoroler */
A parameter: --
*/
I return = --
*/
* */

void fn_Dmalnit(void)
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DENO = 1; /* Enables operation of DMA channel 0 */

DSAO = (unsigned char)&DACSWO0; /* DMA SFR Address Register
0/

DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */

/ DBCO = 100; /* DMA Byte Count Register 0 */
DBCO = 25; /* DMA Byte Count Register 0 */
DMCO = 0b01100100; /* DMA Mode Control Register 0 */

111111100

T ++++---m--- IFC3-IFCO */

Al [Selection of DMA start source] */

Al 0000:Disables DMA transfer by interrupt */

il (Only software trigger is enabled.) */

Al 0010:INTTMOO */

Al 0011:INTTMO1 */

Al 0100:INTTMO04 */

Al 0101:INTTMOS5 */

Al 0110:INTSTO/INTCSIO0 */

Al 0111:INTSRO/INTCSIO1 */

Al 1000:INTST1/INTCSIH0/INTIIC10 */

Al 1001:INTSR1 */

Il 1010:INTST3 ¥/

Al 1011:INTSR3 */

Al 1100:INTAD */

[A|[|4=m=m=mmm- DWAITO */

| [Pending of DMA transfer] */

Al 0:Executes DMA transfer upon DMA start request (not held pending).
*/

Al 1:Holds DMA start request pending if any. */

[*||4=mmmmmmen DSO0 */

Al [Specification of transfer data size for DMA transfer] */

Al 0:8bits */

Al 1:16bits */

[H|4mmmmmmmeeeee DRSO */

/| [Selection of DMA transfer direction] */

A 0:SFR to internal RAM */

/| 1:Internal RAM to SFR */

[Fgpmmmmmnnmeee- STGO */

/ [DMA transfer start software trigger] */

I 0:No trigger operation */

/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
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DSTO =1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
}
r* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
/* return -
*/
/* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1=1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while('TMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 ¥/
}
/* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */
r* parameter: --
*/
I return -
*/
/* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,

and voltage reference */
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/* */
/* Initialization of Voltage reference */
r* */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/||| +]++--- : [1]Positive reference voltage supplies selection of A/D and D/A

converters */

AllIn| [2]Operationcontrol of voltage reference */

Al [3]Output voltage selection of voltage reference */

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

MllIN [5]Relationship with the conversion mode used */

FIEE

/|ll']: 000 : [1]JAVREFP (external voltage reference input) */

M [2]Stops operation (Hi-Z) */

iy [3]12.5 V */

allln [4]Stops operation */

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

FIEE

Ill']:010:[1]AVREFP (external voltage reference input) */

M [2]Stops operation (Hi-Z) */

iy [3]12.0 V ¥/

Al [4]Enables operation */

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

FIET

ll']:100:[1]VREFOUT (voltage reference output) */

Al [2]Stops operation (pull-down output) */
N [3]2.5V ¥/

Ml [4]Stops operation */

T [51-*/

11N

Mll']:101:[1]VREFOUT (voltage reference output) */

Al [2]Enables operation */

AllIN [3]125V ¥/

Ml [4]Enables operation */

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

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

Al [2]Stops operation (pull-down output) */
alllg: [3]12.0V*/

I [4]Enables operation */

iy [51-*/

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

Al

[2]Enables operation */

I [3]12.0V*/

N [4]Enables operation */

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

P

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

P

[H |+t mee- : Be sure to set 0000 */

%/

e : Reference voltage supply (negative side) of A/D converter selection */
/*:0: AVSS ¥/

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

ADVRC.0 = 1;
ADVRC.1 = 1;

ADPC = 0b00000000;
/*|||+++++--- : Analog input (A)/digital I/O (D) switching */

alle
alle
AllE

||

/* Enables operation */
/* Qutput 2.0 V */

/* A/D Port Configuration Register */

ANI15/AVREFM/P157 */
| +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */

[ ]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/*|ll:00000:AAAAAAAAAAAAY
/*lIl:00001:AAAAAAAAAAADY
/*|]|]:00010:AAAAAAAAAADD?Y
/l|:00011:AAAAAAAAADDD?Y
/*ll:00100: AAAAAAAADDDDY
/lIl:00101:AAAAAAADDDDD?Y
/*lIl:00110:AAAAAADDDDDD?Y
/Il:00111:AAAAADDDDDDD?¥
/*|I|]:01000:AAAADDDDDDDD?
/lIl:01001:AAADDDDDDDDD?¥
/l|:01010: AADDDDDDDDDD*
Il:01111:ADDDDDDDDDDD*
/*ll:10000:DDDDDDDDDDDD*

----- : Be sure to set 000 */

/* wait for settling time to 17msec */
fn_Wait500usBase(17000/500);

/*
/*

*/

Initialization of operational amplifier */
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r* */
PM2.1 = 1; /* input port mode (AMPOO) */
PM2.0 = 1; /* input port mode (AMPO-) */
PM2.2 = 1; /* input port mode (AMPO+) */
PM2.4 = 1; /* input port mode (AMP10) */
PM2.3 = 1; /* input port mode (AMP1-) */
PM2.5 = 1; /* input port mode (AMP1+) */
PM2.7 = 1; /* input port mode (AMP20) */
PM2.6 = 1; /* input port mode (AMP2-) */
PM15.0 = 1; /* input port mode (AMP2+) */
PM11.0 = 1; /* input port mode (ANOO) */
ADCEN = 1; /* supplies input clock to OPAmp A/D converter */
OAC.0=1; /* operational amplifier (AMPO) enable */
OAC.1=0; /* operational amplifier (AMP1) disable */
OAC.2 =0; /* operational amplifier (AMP2) disable */
/* */
r* Initialization of D/A converter */
r* */
DACEN = 1; /* supplies input clock to D/A converter */
DAM.O = 1; /* [DAMDO] D/A converter operation is Real-time
output mode */
DAM.2 = 1; /* [DARESOQ]D/A conversion resolution is 12-bit */
DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage
is VREFOUT */
DACSWO = aushDacData[99]; /* D/A conversion value setting reigster 0 */
}
r* */
/* Module: main
*/
/* Description: Main process
*/
I parameter: --
*/
/ return = --
*/
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/* */
void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
A ushCycleCount = 0; /* Cycle counter */
ucCycleStatus = 0; /* Cycle status */
/* DACE1 = 1; /* D/A converter CH1 enable */
DACEO = 1; /* D/A converter CHO enable */
r* */
/* */
I* Main Loop */
r* */
r* */
/* initialize D/Aconverter data */

for(count = 0; count<100; count++){

ushDacData[count] = aushDacData[count];

TSOL.4 = 1; /* start TAUO CH4 */
TMIF04 = 0; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */
El(); /* enable all interrupts */
r* */
/* if system have nothing to do, go to standby for power-saving */
r* */
while (1){

HALT();

NOP();

/*

*/

00oooooooooono U20228JJ1V0AN

289



OOA ODOOODODOODOO

/* Module: fn_intdma0

/* Description:

*/

DMA chO interruput process

r* parameter: --
*/
A return -
*/
I* */

__interrupt void fn_intdmaO(void)

{
TTOLA4 = 1;

switch(ucCycleStatus){

case 0:

1000us(=0.05us * 20000) */

/*
Address Register 0 */

Register 0 */

case 1:

10us(=0.05us * 200) */

*/

case 2:

1000us(=0.05us * 20000) */

Register 0 */

case 3:

10us(=0.05us * 200) */

290

/* stop TAUO CH4 */

*/

/* Cycle status */

TDRO04 = 20000;

ucCycleStatus = 1;

/¥ set interval time to

/* Cycle status (Flat) */

DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM

DBCO = 1;

break;

TDRO04 = 200;

ucCycleStatus = 2;
DBCO=50- 1;

break;

TDRO04 = 20000;

ucCycleStatus = 3;
DBCO = 1;

break;

TDRO04 = 200;

/* DMA Byte Count

/* set interval time to

/* Cycle status (2/4,3/4 sign) */
/* DMA Byte Count Register 0

/¥ set interval time to

/* Cycle status (Flat) */
/* DMA Byte Count

/¥ set interval time to
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*/

case 4:

Address Register 0 */

setting reigster 0 */

1000us(=0.05us * 20000) */

Register 0 */

case 5:

Address Register 0 */

setting reigster 0 */

10us(=0.05us * 200) */

Byte Count Register 0 */

r* DBCO = 100;

DSTO=1;
enabled (DENO = 1). */

TSOL.4 = 1;
TMIFO04 = 0;

ucCycleStatus = 4; /* Cycle status (1kHz) */

DBCO=25-1; /* DMA Byte Count Register 0
break;

DRAO = (unsigned short)&ushDacData[0]; I* DMA RAM
DACSWO0 = ushDacData[99]; /* DI/A conversion value
TMRO04 = 0b0000000000000000; /* Timer Mode Register 04 */
TDRO04 = 20000; /* set interval time to
ucCycleStatus = 5; /* Cycle status (10Hz) */

DBCO0 = 50; /* DMA Byte Count
break;

DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM
DACSWO = ushDacData[99]; /* DIA conversion value
TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
TDRO04 = 200; /* set interval time to
ucCycleStatus = 0; /* Cycle status (1kHz) */

DBCO = 25; /* DMA
break;

/* DMA Byte Count Register 0 */

/* DMA transfer is started when DMA operation is

/* start TAUO CH4 */
/* reset INTTMO4 interrupt request */
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(6) DOODDOO OO

e main.c

/*
* 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

*/

/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

#pragma interrupt INTDMAO fn_intdmaO RB1

r* */
/* Include files
*/
/* */
/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */
#define CCKO0_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */
/* */
/* Function prototyps
*/
/* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
*/
void fn_InitPort(void); /* Setting of 1/0
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ports */

void fn_InitTauO(void);
array unit 0 */

void fn_InitLvi(void);

Low-voltage detectior */

void fn_InitVr(void);
Voltage reference */
void fn_AdcDaclnit(void);
void fn_Dmalnit(void);
controler */
/* */

/* Extern variables/constants

*/

r* */
I* */
/* Local constants

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

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

*/
/* */
static  short shVoltage;/* voltage (Hex) */
static  unsigned short ushCycleCount; /* Cycle counter */
static  unsigned char ucCycleStatus; /* Cycle status */
/* */
/* Code

*/

/* */
/*

/* Setting of Timer

/ Setting of

/* Setting of

/* Setting of D/A converter */
/* Setting of DMA

D/A output data
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static unsigned short ushDacData[100]; /* D/A data for DMA */
const unsigned short aushDacData[100] = { /* defined D/A data */
/“n sin(0.2pi*n/100) */

r* 2048, /"0 0.100000 */
2061, 1 0.106279 */
2074, /*2 0.112533 */
2086, *3 0.118738 */
2099, /"4 0.124869 */
2111, "5 0.130902 */
2123, I*6 0.136812 */
2135, 7 0.142578 */
2147, /*8 0.148175 */
2158, *9 0.153583 */
2168, /10 0.158779 */
2179, /<11 0.163742 */
2188, 12 0.168455 */
2197, /*13 0.172897 */
2206, /*14 0.177051 */
2214, /*15 0.180902 */
2221, /16 0.184433 */
2227, " 17 0.187631 */
2233, /18 0.190483 */
2238, *19 0.192978 */
2243, /*20 0.195106 */
2246, 21 0.196858 */
2249, /* 22 0.198229 */
2251, /* 283 0.199211 */
2252, I*24 0.199803 */
2253, I*25 0.200000 */
2252, I* 26 0.199803 */
2251, *27 0.199211 */
2249, /* 28 0.198229 */
2246, /*29 0.196858 */
2243, /* 30 0.195106 */
2238, /* 31 0.192978 */
2233, /* 32 0.190483 */
2227, /* 33 0.187631 */
2221, /* 34 0.184433 */
2214, /* 35 0.180902 */
2206, /* 36 0.177051 */
2197, /37 0.172897 */
2188, /*38 0.168455 */
2179, /*39 0.163742 */
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2168,
2158,
2147,
2135,
2123,
2111,
2099,
2086,
2074,
2061,
2048,
2035,
2022,
2010,
1997,
1985,
1973,
1961,
1949,
1938,
1928,
1917,
1908,
1899,
1890,
1882,
1875,
1869,
1863,
1858,
1853,
1850,
1847,
1845,
1844,
1843,
1844,
1845,
1847,
1850,
1853,
1858,
1863,

/* 40
/* 41
/* 42
/43
/* 44
/* 45
/* 46
/* 47
/* 48
/* 49
/* 50
/* 51
/52
/* 53
/* 54
/* 55
/* 56
/¥ 57
/58
/* 59
/* 60
/* 61
/62
/* 63
/- 64
/* 65
/* 66
/* 67
/* 68
/* 69
/*70
71
72
73
/* 74
/¥ 75
/76
77
/78
/79
/* 80
/* 81
/- 82

00oooooooooono U20228JJ1V0AN

0.158779 */
0.153583 */
0.148175 */
0.142578 */
0.136812 */
0.130902 */
0.124869 */
0.118738 */
0.112533 */
0.106279 */
0.100000 */
0.093721 */
0.087467 */
0.081262 */
0.075131 */
0.069098 */
0.063188 */
0.057422 */
0.051825 */
0.046417 */
0.041221 */
0.036258 */
0.031545 */
0.027103 */
0.022949 */
0.019098 */
0.015567 */
0.012369 */
0.009517 */
0.007022 */
0.004894 */
0.003142 */
0.001771 */
0.000789 */
0.000197 */
0.000000 */
0.000197 */
0.000789 */
0.001771 */
0.003142 */
0.004894 */
0.007022 */
0.009517 */
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1869, /* 83 0.012369 */
1875, /* 84 0.015567 */
1882, /* 85 0.019098 */
1890, /* 86 0.022949 */
1899, /* 87 0.027103 */
1908, /* 88 0.031545 */
1917, /* 89 0.036258 */
1928, /* 90 0.041221 */
1938, /* 91 0.046417 */
1949, /* 92 0.051825 */
1961, /* 93 0.057422 */
1973, /* 94 0.063188 */
1985, /* 95 0.069098 */
1997, /* 96 0.075131 */
2010, /97 0.081262 */
2022, /* 98 0.087467 */
2035, /* 99 0.093721 */
2048 /100 0.100000 */
%
I */

/* Hardware initialization
*/
* */
void hdwinit(void)
{

DI(); /* disable all interrupts */
I */

/* Initialization of port */

I */

fn_InitPort();

r* */

I Initialization of clock */

r* */

CMC = 0b01010011; /* Clock Operation Mode Control Register */

[[lIll]+--- : Control of high-speed system clock oscillation frequency */
Il = 0 : 2 MHz <= fMX <= 10 MHz */

=1 2 10 MHz < fMX <= 20 MHz */

NN

/||[]|++---- : XT1 oscillator oscillation mode selection */
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/||| : 0 0 : Low-consumption oscillation */

Il : 0 1 : Normal oscillation */

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

Il x = don't care */

VAl 111

I|||+------ : Be sure to set 0 */

NI

|||4===--- : [1] Subsystem clock pin operation mode */
Al [2] XT1/P123 pin and XT2/P124 pin */

/|| : 0 : [1]Input port mode */

all
||

[2]Input port */

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

all
It

[2]Crystal resonator connection */

Be sure to set 0 */

: [1TJEXCLK OSCSEL High-speed system clock pin operation mode */

[2]X1/P121 pin */
[3]X2/EXCLK/P122 pin */

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

/*
~xl

[2][3]Input port */

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

"

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

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

r~xl

[2][3]Input port */

/*: 11 : [1]External clock input mode */

MSTOP = 0;
XTSTOP = 0;

OSMC = 0b00000001;

P\ ++-=--:
Zlir-=00:
FIr=01:
F=10:
1111

[*|+++++----

[2]Input port */

[3]External clock input */

/* X1 oscillator operating */

/* XT1 oscillator operating */

/* Operation Speed Mode Control Register */
fCLK frequency selection */
Operates at a frequency of 10 MHz or less. */
Operates at a frequency higher than 10 MHz. */

Operates at a frequency of 1 MHz. */

- : Be sure to set 00000 */

00oooooooooono U20228JJ1V0AN
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[*pmmmmmnnann : 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 1 : Stops subsystem clock supply to peripheral functions except real-time

counter, */
I* clock output/buzzer output, 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:flH*
/*|1:00x001:flH/2 (default) */
F1]1:00x010:fIH2/2 %/

/| 1:00x011:fIH2r3*
F1]:00x100:flH/2M ¥/
/1:00x101:fIH275*
/1]1:01x000:fMX*/
/1]1:01x001:fMX/2 %
F1]:01x010:fMX/2/2 %/
1:01x011:fMX/2A3 %/
/*1:01x100:fMX/274 %/
F1]1:01x101 : fMX/2/5 */
1:1x0xxx:fSUB*/

M1 x1xxx:fSUB/2*/

/*| | : Other than above : Setting prohibited */
/*|| x=don't care */

|
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[ mmmmmme : 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 */
£l : 000 : 278X */

£l : 001 : 289/X */

2l :010:2M0/MX ¥/

P01 1 284X Y

Il :100: 283X ¥/

101 2M5/4X ¥/

Pl :110:2M7AX Y

Pl 111 2M8AX Y

7

A e : Be sure to set 000000 */
/* */
/* Initialization of timer */
/* i

fn_InitTau0();

/* software to wait for the operation stabilization time */
/* (over 200ms from when XT1 enable) */

fn_Wait500usBase(200000/500);

r* */

/* Initialization of low-voltage detector */

r* */

fn_InitLvi();

r* */

/* Initialization of A/D,D/A,OPAmp */
r* */

fn_AdcDaclnit();
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r* */
/* Initialization of DMA */
/* */
fn_Dmalnit();
El(); /* enable all interrupts */
}
/* */
/* Module: fn_InitPort
*/
/* Description: Setting of I/O ports */
A parameter: --
*/
r* return @ --
*/
r* */
void fn_InitPort(void)
{
/* */
A Ports configuration for digital input and output */
r* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||+++++--- : Analog input (A)/digital I/O (D) switching */
M - ¢ ANI15/AVREFM/P157 */
M - | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

300

Fl:00000:AAAAAAAAAAAAY
/l:00001:AAAAAAAAAAAD?Y
FIl:00010:AAAAAAAAAADD?*
/Il:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD*
/l:00110:AAAAAADDDDDD?Y
/ll:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?¥
/Il:01001:AAADDDDDDDDD?Y
/Il:01010:AADDDDDDDDDD*
/ll:01111:ADDDDDDDDDDD ¥
/l:10000:DDDDDDDDDDDDY
Il

J e : Be sure to set 000 */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*

*/

Setting of Port 0
*/

*/

PO = 0b00000000;
PMO=  0b11111000;

/* Set PO0-P02 Output latch to Low */
/* Set P00-P02 to output port */
/* P0O0-P02:Unused */

*/

Setting of Port 1
*/

*/

P1= 0b00000000;
PM1 = 0b00000000;

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

Setting of Port 2
*/

*/

*/

P2 = 0b00000000;
PM2= Ob11111111;

/* Set P20-P27 Output latch to Low */
/* Set P20-P27 to input port */
/* P20-P27:Unused */

*/

Setting of Port 3
*/

*/

P3 = 0b00001100;

PM3 = 0b11100000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */
/* Set P30-P34 to output port */

/* P30-P34:Unused */

*/

Setting of Port 4
*/

*/

P4 = 0b00000000;
PM4 = 0b11111100;

/* Set P40-P41 Output latch to Low */
/* Set P40-P41 to output port */
/* P40-P41:Unused */

*/
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/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

302

Setting of Port 5
*/

*/

P5 = 0b00000000;
PM5 = 0b11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

*/

Setting of Port 6
*/

*/

P6 = 0b00000000;
PM6=  0b11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7
*/

*/

P7 = 0b00000000;
PM7 = 0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8
*/

*/

P8 = 0b00000000;
PM8 = 0b00000000;

/* Set P80-P88 Output latch to Low */
/* Set P80-P88 to output port */
/* P80-P88:Unused */

Setting of Port 9
*/

*/

P9 = 0b00000000;
PM9 = 0b00000000;

*/

/* Set P90-P97 Output latch to Low */

/* Set P90-P97 to output port */

/* P90-P97:Unused */

Setting of Port 10
*/

*/

*/
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

P10 = 0b00000000;
PM10= 0b11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */
/* P100-P102:Unused */

*/

Setting of Port 11
*/

P11 = 0b00000000;
PM11 = 0b11111100;

*/

/* Set P110-P111 Output latch to Low */

/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12
*/

*/

P12 = 0b00000000;
PM12= 0b11111110;

/* Set P120 Output latch to Low */
/* 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;
PM14 = 0b00000000;

*/

/* Set P140-P147 Output latch to Low */

/* Set P140-P147 to output port */

/* P140-P147:Unused */

*/

Setting of Port 15
*/

*/

P15 = 0b00000000;
PM15=0b11111111;

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */
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r* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit 0 */
A parameter: --
*/
A return @ --
*/
r* */

void fn_InitTauO(void)

TAUOEN = 1; /* supplies input clock to timer array unit 0 */
TPSOL = 0b00000010; /* Timer Clock Select Register 0 */
/*||||++++--- : Selection of operation clock (CKO0O0) */
J : Selection of operation clock (CKO1) */
/20000 : CKOm = fCLK */
/*:0001: CKOm = fCLK/2 */
/*:0010:CKOm = fCLK/2/2 */
/*:0011: CKOm = fCLK/2A3 */
/*:0100: CKOm = fCLK/2/\4 */
/*:0101: CKOm = fCLK/275 */
/*:0110:CKOm = fCLK/2"6 */
/*:0111:CKOm = fCLK/2/7 */
/*:100 0 : CKOm = fCLK/278 */
/*:100 1 : CKOm = fCLK/2A9 */
/*:1010:CKOm = fCLK/2A10 */
/*:1011:CKOm = fCLK/2A11 */
/*:1100: CKOm = fCLK/2AM2 */
/*:1101:CKOm = fCLK/2A13 */
/*:1110:CKOm = fCLK/2A14 */
/*:1111:CKOm = fCLK/2AM5 */

/¥ m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
NN |++++--- : [1]Operation mode of channel 1 */
NN [2]Count operation of TCR */
ZNININ [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
ZINNNI = 000 0 : [1]Interval timer mode */
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*/

*/
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[2]Counting down */
[3]Possible */

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

(timer output does not change, either). */
*/
1000 1:[1]Interval timer mode */
[2]Counting down */
[3]Possible */
[4]Timer interrupt is generated when counting is started */
(timer output also changes). */
*/
:0100:[1]Capture mode */
[2]Counting up */
[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). */
*/
:0110:[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. */
*/
:1001:[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is valid during counting operation. */

At that time, interrupt is also generated. */
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*/

valid edge */

register). */

unselected). */

V11111111111

NN 1100 :[1]Capture & one-count mode */

A [2]Counting up */

Y [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

I Start trigger is invalid during counting operation. */
I At that time interrupt is not generated, either. */
V1111111111

NN = Other than above : Setting prohibited */

ZIINIE=7

T : Be sure to set 00 */

v 111111111

P ===mmmee : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTCH1
I (the timer input used with channel 1 is selected by using TISO
NI : 00 : Falling edge */

NI :0 1 : Rising edge */

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

AlITTII: Start trigger: Falling edge, Capture trigger: Rising edge */

NI =1 1 : Both edges (when high-level width is measured) */

ZAI Start trigger: Rising edge, Capture trigger: Falling edge */

v 11111112

P[] 4=mmmmmmmee : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

]| : 0 0 1: Valid edge of TIO1 pin input signal, fSUB/2, {SUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|l - 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

306

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

P

[¥|||A==mmmmmmmm- : Selection of slave/master of channel 1 */

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

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

||l

[*||[+-==mmmmm e : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/||| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1
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Al (the timer input used with channel 1 is selected by using TISO register).
||t

L B : Be sure to set 00 */

7%/

A : Selection of operation clock (MCK) of channel 1 */

/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO0O1 = CCK00_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */

/* CH4:for DMA */

TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
HNIN++++--- : [1]Operation mode of channel 4 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NN : 000 0 : [1]Interval timer mode */
NN [2]Counting down */
T [3]Possible */
NN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
NN : 000 1 : [1]interval timer mode */
NN [2]Counting down */
I [3]Possible */
ZNINIIN [4]Timer interrupt is generated when counting is started */
ZANITI (timer output also changes). */
=
NN : 0 100 : [1]Capture mode */
T [2]Counting up */
T [3]Possible */
ZNINIIN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
=
ZNINNT: 0 10 1 : [1]Capture mode */
I [2]Counting up */
I [3]Possible */
ZNINNIIN [4]Timer interrupt is generated when counting is started */
NI (timer output also changes). */

00oooooooooono U20228JJ1V0AN 307



OOA ODOOODODOODOO

*/

*/

valid edge */

register). */

308

PN

PN = 0 1 1 0 : [1]Event counter mode */

R TITITI [2]Counting down */

ZANITT [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

T 11111111

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

ZANITTT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is invalid during counting operation. */
NI At that time, interrupt is not generated, either. */
PN

ZUIHNII = 1 00 1 2 [1]0One-count mode */

ZANITT [2]Counting down */

NI [3]impossible */

ZNININ [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

11111111

ZUIHNII =110 0 : [1]Capture & one-count mode */

ZANITT [2]Counting up */

NI [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHNHINI (timer output does not change, either). */

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
NI

NN = Other than above : Setting prohibited */

PN

T : Be sure to set 00 */

V11111111

P +===mmme- : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 4 is selected by using TISO

NI : 00 : Falling edge */
NI =0 1 : Rising edge */

NI = 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 */
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unselected). */

1111111
|l e — : Setting of start trigger or capture trigger of channel 4 */
Il - 0 0 0 : Only software trigger start is valid (other trigger sources are

|lIl : 0 0 1 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|lll - 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

/*|I|| : Other than above : Setting prohibited */

P

L[| |4=mmmmmmmmm- : Selection of slave/master of channel 4 */

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

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

||

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

/*|| : 0 : 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).
*/
1
Fa B e : Be sure to set 00 */
1%
[ pmmmmmm e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO04 = 2000; /* set interval time to 100us(=0.05us * 2000) */
TMMKO4 = 1; /* disable interrupt */
}
* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
I parameter: --
*/
I return @ --
*/
* */

void fn_InitLvi(void)
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{
unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */
/*|||++++--- : Detection level */
ZIll:0000: VLVIO (4.22V) */
Fl1:0001: VLV (4.07V) ¥/
FIl:0010:VLVI2 (3.92V) ¥/
ZIl:0011:VLVI3 (3.76V) ¥/
Zll:0100:VLVI4 (3.61V) ¥/
ZIl:0101: VLVI5 (3.45V) */
ZIl1:0110:VLVI6 (3.30V) */
F1:0111:VLVIZ (3.15V) ¥/
Zll:1000:VLVI8 (2.99V) */
ZIl: 1001 : VLVIO (2.84V) */
ZlIl:1010:VLVIHO (2.68V) */
£Il:1011:VLVIT (2.53V) */
Fll:1100:VLVI12 (2.38V) */
Al 1101 :VLVII3 (2.22V) */
All:1110:VLVI4 (2.07V) ¥/
A 1111 VLVIH5 (1.91V) */
P
JA : Be sure to set 0000 */
LVIM = 0b10000000; /* Low-Voltage Detection Register */
IIl|+--- : LVIF Low-voltage detection flag */
Il 0:* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */
NN * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
A= 1 = * LVISEL = 0: VDD < VLVI */
2N * LVISEL = 1: EXLVI < VEXLVI */
T 111111
/|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)
*/
Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */
I when VDD drops lower than VLVI (VDD < VLVI) */
N or when VDD becomes VLVI or higher (VDD >= VLVI).
*/
N * LVISEL = 1: Generates an interrupt signal */
NN when EXLVI drops lower than VEXLVI (EXLVI <
VEXLVI) */
N or when EXLVI becomes VEXLVI or higher (EXLVI >=
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VEXLVI). */

Ml = 1 : * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

NN and releases the reset signal when VDD >= VLVI. */

NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
VEXLVI */

N and releases the reset signal when EXLVI >= VEXLVI.
*/

111110t

/|I|||+----- : Voltage detection selection(LVISEL) */

/*||ll| : O : Detects level of supply voltage (VDD) */

/||l : 1 : Detects level of input voltage from external input pin (EXLVI) */

P

L B : Be sure to set 0000 */

%

J : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/*:1: Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){

NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
/* */
/* Module: fn_Dmalnit
*/
/* Description: Setting of DMA contoroler */
A parameter: --
*/
I return = --
*/
* */

void fn_Dmalnit(void)
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*/

*/

312

DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO0; /* DMA SFR Address Register
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 25; /* DMA Byte Count Register 0 */
DMCO = 0b01100100; /* DMA Mode Control Register 0 */
11111110
F|||+++4m=mm-- IFC3-IFCO */
Al [Selection of DMA start source] */
Al 0000:Disables DMA transfer by interrupt */
Al (Only software trigger is enabled.) */
Al 0010:INTTMOO */
Al 0011:INTTMO1 */
Al 0100:INTTMO04 */
Il 0101:INTTMO5 */
Al 0110:INTSTO/INTCSIO0 */
Al 0111:INTSRO/INTCSIO1 */
Al 1000:INTST1/INTCSI10/INTIIC10 */
Al 1001:INTSR1 */
Al 1010:INTST3 */
Il 1011:INTSR3 */
Al 1100:INTAD */
/||| 4--=m------ DWAITO */
Al [Pending of DMA transfer] */
Al 0:Executes DMA transfer upon DMA start request (not held pending).
Al 1:Holds DMA start request pending if any. */
[¥||4=mmmmmmee DSO0 */
Al [Specification of transfer data size for DMA transfer] */
Al 0:8bits */
Al 1:16bits */
[H|mmmmmmmeneen DRSO */
A [Selection of DMA transfer direction] */
A 0:SFR to internal RAM */
A 1:Internal RAM to SFR */
[Fpmmmmmmnnmnee STGO */
/ [DMA transfer start software trigger] */
/ 0:No trigger operation */
/ 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
DSTO=1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
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}
r* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
A return -
*/
* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1 =1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while('TMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
r* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */
r* parameter: --
*/
A return = :--
*/
/* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,

and voltage reference */
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* */
/* Initialization of Voltage reference */
/™ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/||| +]++--- : [1]Positive reference voltage supplies selection of A/D and D/A

converters */

AllIn| [2]Operationcontrol of voltage reference */

N [3]Output voltage selection of voltage reference */

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

AN [5]Relationship with the conversion mode used */

P

Ill']: 000 : [1]JAVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

I [3]12.5V ™/

Ml [4]Stops operation */

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

P

Ill']:010:[1]AVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

T [3]12.0V*/

Al [4]Enables operation */

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

P

ll']:100:[1]VREFOUT (voltage reference output) */

MllIn| [2]Stops operation (pull-down output) */

T [3]12.5V*/

N [4]Stops operation */

aliiy [51-*/

P

Il']:101:[1]VREFOUT (voltage reference output) */

N [2]Enables operation */

I [8]12.5V ™/

I [4]Enables operation */

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

P

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

AllIn| [2]Stops operation (pull-down output) */

lllR: [3]12.0V*/

I [4]Enables operation */

iy [51-*/

P

M| :111:[1]VREFOUT (voltage reference output) */
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Al
iy
Al

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

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

P

L B : Be sure to set 0000 */

%

[*pmmmeen

/*:0:AVSS */

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

ADVRC.0 = 1;
ADVRC.1 =1;

ADPC = 0b00000000;

/*|||[+++++--- : Analog input (A)/digital I/O (D) switching */
+ ANI15/AVREFM/P157 */
| +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */

|

|

|
/*||:00000:
/l]:00001:
/lI]:00010:
Fl:00011:
Fl:00100:
/||:00101:
/l]:00110:
F:00111;:
/l:01000:
Fl:01001:
/l|:01010:
All01111:
/*||:10000:
1

e

[2]Enables operation */
[B]2.0 V ¥/

[4]Enables operation */

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

/* Enables operation */
/* Output 2.0 V */

/* A/D Port Configuration Register */

/* wait for settling time to 17msec */

fn_Wait500usBase(17000/500);

/*
/*
/*

*/

||| | +-+-+-+-t-+-+-+--- ANIZ/AMP20/P27 - ANIO/AMPO-/P20 */

AAAAAAAAAAAAY
AAAAAAAAAAADY
AAAAAAAAAADD?Y
AAAAAAAAADDD™Y
AAAAAAAADDDD?Y
AAAAAAADDDDD?Y
AAAAAADDDDDD?Y
AAAAADDDDDDD?Y
AAAADDDDDDDD™
AAADDDDDDDDDY
AADDDDDDDDDD?*
ADDDDDDDDDDD ¥
DDDDDDDDDDDD ¥

: Be sure to set 000 */

Initialization of operational amplifier */

*/
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PM2.1 =1;
PM2.0 = 1;
PM2.2 = 1;

PM2.4 = 1;
PM2.3 = 1;
PM2.5 = 1;

PM2.7 = 1;
PM2.6 = 1;
PM15.0 = 1;

PM11.0 = 1;

ADCEN = 1;
OAC.0=1;
OAC.1=0;
OAC.2 = 0;

/*

/* Initialization of D/A converter

/*

DACEN = 1;

DAM.O = 1;

output mode */

DAM.2 = 1;
DAM.6 = 1;

is VREFOUT */

mode */

/*

DACSWO = aushDacData[99];

/* set D/A chanel1 */

DAM.1 =0;

DAM.3 = 1;

DACSW1 = aushDacData[99];

*/

*/

/* Module:

/* Description:

316

main

Main process

/* input port mode (AMPOO) */

/* input port mode (AMPO-) */

/* input port mode (AMPO+) */

/* input port mode (AMP10) */

/* input port mode (AMP1-) */

/* input port mode (AMP1+) */

/* input port mode (AMP20) */

/* input port mode (AMP2-) */

/* input port mode (AMP2+) */

/* input port mode (ANOO) */

/* supplies input clock to OPAmp A/D converter */
/* operational amplifier (AMPQ) enable */

/* operational amplifier (AMP1) disable */
/* operational amplifier (AMP2) disable */

*/

/* supplies input clock to D/A converter */

/* [DAMDO] D/A converter operation is Real-time

/* [DARESO]D/A conversion resolution is 12-bit */

/* [DAREF] D/A converter positive reference voltage

/* D/A conversion value setting reigster 0 */

/* [DAMD1] D/A converter operation is Normal

/* [IDARES1]D/A conversion resolution is 12-bit */

/* D/A conversion value setting reigster 1 */
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*/
A parameter: --
*/
r* return = :--
*/
r* */
void main(void)
{
unsigned short count; /* counter for initializing D/A convert data */
A ushCycleCount = 0; /* Cycle counter */
ucCycleStatus = 0; /* Cycle status */
DACE1 =1; /* D/A converter CH1 enable */
DACEO = 1; /* D/A converter CHO enable */
r* */
r* */
/ Main Loop */
/* */
r* */
/* initialize D/Aconverter data */

for(count = 0; count<100; count++){

ushDacData[count] = aushDacData[count];

}
TSOL.4 = 1; /* start TAUO CH4 */
TMIFO4 = 0; /* reset INTTMO4 interrupt request */
DMAMKO = 0; /* enable DMA CHO interrupt */
El(); /* enable all interrupts */
r* */
/* if system have nothing to do, go to standby for power-saving */
r* */
while (1){

HALT();

NOP();
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r* */

/* Module: fn_intdma0
*/

/* Description: DMA chO interruput process */

A parameter: --
*/

A return -
*/

* */

__interrupt void fn_intdmaO(void)

{

TTOLA4 =1; /* stop TAUO CH4 */
switch(ucCycleStatus){ /* Cycle status */
case 0:
TDRO04 = 20000; /¥ set interval time to
1000us(=0.05us * 20000) */

ucCycleStatus = 1; /* Cycle status (Flat) */

/ DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM

Address Register 0 */

DBCO = 1; /* DMA Byte Count

Register 0 */

case 1:

10us(=0.05us * 200) */

Byte Count Register 0 */

case 2:

Address Register 0 */

setting reigster 0 */

318

break;

TDRO04 = 200; /* set interval time to
ucCycleStatus = 2; /* Cycle status (2/4 sign) */

DBCO = 25; /* DMA
break;

DRAO = (unsigned short)&ushDacData[0]; r* DMA RAM
DACSWO = ushDacData[99]; /* DI/A conversion value

TMRO04 = 0b0000000000000000; /* Timer Mode Register 04 */

00oooooooooono U20228JJ1V0AN



OOA ODOOODODOODOO

TDRO04 = 20000; /* set interval time to
1000us(=0.05us * 20000) */
ucCycleStatus = 3; /* Cycle status (slow) */
DBCO = 50; /* DMA
Byte Count Register 0 */
break;
case 3:
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM
Address Register 0 */
DACSWO = ushDacData[99]; /* DI/A conversion value
setting reigster 0 */
TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
TDRO04 = 200; /* set interval time to
10us(=0.05us * 200) */
ucCycleStatus = 0; /* Cycle status (1kHz) */
DBCO = 25; /* DMA
Byte Count Register 0 */
break;
}
I DBCO = 100; /* DMA Byte Count Register 0 */
DSTO=1; /* DMA transfer is started when DMA operation is
enabled (DENO = 1). */
TSOL.4 =1; /* start TAUO CH4 */
TMIF04 = 0O; /* reset INTTMO4 interrupt request */
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(yOooooooooooooOOoOOo

e main.c

/*

* 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

*/
/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP
#pragma interrupt INTRTC fn_intric RB1
r* */
/* Include files

*/

/* */

/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */

#define CCKO00_500USEC

(2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */

/* TAU:TDRON value operation by CKO1 (fCLK = 20MHz) */

#define CCKO1_PLAY

(0.05[us/clk] * 2500[count]) */

#define CDACO0_50V
#define CDACO0_52V
#define CDACO0_54V

320

(2500 - 1) /* 0.125ms = about 8kHz for play */
/*

(1024)
(1065)
(1105)
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r* */

/* Function prototyps

*/
r* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
*/
void fn_InitPort(void); /* Setting of 1/O
ports */
void fn_InitTauO(void); /* Setting of Timer
array unit 0 */
void fn_InitLvi(void); [ Setting of
Low-voltage detectior */
void fn_InitVr(void); / Setting of
Voltage reference */
void fn_InitRtc(void); / Setting of
Real-time counter */
void fn_AdcDaclnit(void); /* Setting of D/A converter */
/* */
/* Extern variables/constants
*/
r* */
/* */
/* Local constants
*/
r* */
r* */
/* Global variables
*/
/* */
r* */
/* Local variables
*/
/* */
* */
/* Code
*/
* */
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r* */

/* Hardware initialization

*/
r* */
void hdwinit(void)
{
DI(); /* disable all interrupts */
/* */
r* Initialization of port */
r* */
fn_InitPort();
/* */
/ Initialization of clock */
r* */
CMC= 0b01010011; /* Clock Operation Mode Control Register */

||IIll|+--- : Control of high-speed system clock oscillation frequency */
NI = 022 MHz <= fMX <= 10 MHz */

I 1 10 MHz < fMX <= 20 MHz */

7

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

/|I|| : 0 0 : Low-consumption oscillation */

/||l : 0 1 : Normal oscillation */

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

Ml x =don't care */

1111

F|]]+=----- : Be sure to set 0 */

P

/|| 4------- : [1] Subsystem clock pin operation mode */
Pl [2] XT1/P123 pin and XT2/P124 pin */
/|| : 0 : [1]input port mode */

Al [2]Input port */

|t

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

Al [2]Crystal resonator connection */

P

PAl | PR : Be sure to set 0 */

s

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

I [3]X2/EXCLK/P122 pin */

/*:00 : [1]Input port mode */
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I* [2][3]Input port */
/¥
/*:01 :[1]X1 oscillation mode */

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

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

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

=

/* 11 :[1]External clock input mode */

/ [2]Input port */
/ [3]External clock input */
MSTOP = 0; /* X1 oscillator operating */
XTSTOP = 0; /* XT1 oscillator operating */
OSMC = 0b00000001; /* Operation Speed Mode Control Register */

|I|||++--- : fCLK frequency selection */

/||llll : 0 0 : Operates at a frequency of 10 MHz or less. */
Il : 0 1 : Operates at a frequency higher than 10 MHz. */
Il : 1 0 : Operates at a frequency of 1 MHz. */

111/

[+ : Be sure to set 00000 */

7%/

[*mmmmnmmee- : 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) */
/ 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. */
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. */

r* */

NOP();

NOP();

CKC =  0b00010000; /* System Clock Control Register */
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/*|+|+++++--- : Selection of CPU/peripheral hardware clock (fCLK) */
/|]:00x000:flH*

/*|1:00x00 1 :flH/2 (default) */
F1:00x010:fIH2/2 %/
F1]1:00x011:flH2A3 %/
F1]:00x100:flH/2r */

F1]1:00x 101 :fIH/27 */
F1:01x000:fMX */
1:01x001:fMX/2*/
/1]1:01x010:fMX/2/2 ¥/
P1]1:01x011:fMX/273 %/
F11:01x100: fMX/274 */
F1]1:01x101: fMX/275 */

M :1x0xxx:fSUB*/

M1 x 1 xxx:fSUB/2 ¥/

/*| | : Other than above : Setting prohibited */
/*|| x=don't care */

)

[¥mmmmnmeee- : 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 */

/]l : 000 : 278/fX */

Ml 001 : 279/ */

Il :010:2M0/MX %/

Ml 011 2M1/4X %/

|l 100 :2M3/X */

P =101 :2M5/4X %/
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P 11028 7/4X
P 111 2n180X ¥

]|

J : Be sure to set 000000 */
/* */
/* Initialization of timer */
/* */

fn_InitTau0();

/* software to wait for the operation stabilization time */

/* (over 500ms from when XT1 enable) */

fn_Wait500usBase(500000/500);

r* */

/* Initialization of low-voltage detector */
r* */
fn_InitLvi();

/* */

/* Initialization of real-time counter  */

I */

fn_InitRtc();

I/ */

/* Initialization of A/D,D/A,OPAmMp */
I/ */

fn_AdcDaclnit();

/* CPU is operating on a High-speed system clock */

CKC =  0b01000000;

while(CLS 1= 1){

NOP();
}
HIOSTOP = 1;
MSTOP = 1;
EI0);

/* CPU/peripheral hardware clock by fSUB*/

/* internal high-speed oscillation stopped */

/* X1 oscillator stopped */

/* enable all interrupts */
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/* */
/* Module: fn_InitPort
*/
/* Description: Setting of 1/0O ports */
/ parameter: --
*/
I return = --
*/
/* */
void fn_InitPort(void)
{
* */
I/ Ports configuration for digital input and output */
/* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||[+++++--- : Analog input (A)/digital I/O (D) switching */
- + ANI15/AVREFM/P157 */
M | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]| +-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/*l:00000:AAAAAAAAAAAAY
/*]l:00001:AAAAAAAAAAADY
/*|l:00010:AAAAAAAAAADDY
/*l|l:00011:AAAAAAAAADDDY
/*lIl:00100: AAAAAAAADDDDY
/"|l:00101:AAAAAAADDDDD?¥
/*||:00110:AAAAAADDDDDDY
/"||:00111:AAAAADDDDDDD?¥
/*ll:01000:AAAADDDDDDDD ¥
/*ll:01001:AAADDDDDDDDD?¥
/lIl:01010:AADDDDDDDDDD ¥
/"||:01111:ADDDDDDDDDDD*¥
/*|l:10000:DDDDDDDDDDDD¥
|t
[ : Be sure to set 000 */
/* */
I Setting of Port 0
*/
* */
PO = 0b00000000; /* Set PO0-P02 Output latch to Low */
PMO=  0b11111000; /* Set PO0-P02 to output port */
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/* P00-P02:Unused */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*

*/

Setting of Port 1
*/

*/

P1= 0b00000000;
PM1 = 0b00000000;

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

*/

Setting of Port 2
*/

*/

P2 = 0b00000000;
PM2=  Ob11111111;

/* Set P20-P27 Output latch to Low */
/* Set P20-P27 to input port */
/* P20-P27:AMPOQ-2 */

Setting of Port 3
*/

*/

*/

P3 = 0b00001100;

PM3 = 0b11100000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */

/* Set P30-P34 to output port */
/* P30-P34:Unused */

*/

Setting of Port 4
*/

P4 = 0b00000000;
PM4 = 0b11111100;

*/

/* Set P40-P41 Output latch to Low */

/* Set P40-P41 to output port */

/* P40-P41:Unused */

*/

Setting of Port 5
*/

*/

P5 = 0b00000000;
PM5=  0b11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

*/
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/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

328

Setting of Port 6
*/

*/

P6 = 0b00000000;
PM6=  0b11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7
*/

*/

P7 = 0b00000000;
PM7 = 0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8
*/

*/

P8 = 0b00000000;
PM8 = 0b00000000;

/* Set P80-P88 Output latch to Low */
/* Set P80-P88 to output port */
/* P80-P88:Unused */

*/

Setting of Port 9
*/

*/

P9 = 0b00000000;
PM9 = 0b00000000;

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

Setting of Port 10
*/

*/

P10 = 0b00000000;
PM10= 0b11111000;

*/

/* Set P100-P102 Output latch to Low */

/* Set P100-P102 to output port */

/* P100-P102:Unused */

Setting of Port 11
*/

*/

*/
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P11 = 0b00000000; /* Set P110-P111 Output latch to Low */
PM11 = 0b11111100; /* Set P110-P111 to output port */
/*P110-P111:Unused */

r* */
A Setting of Port 12
*/
/* */
P12 = 0b00000000; /* Set P120 Output latch to Low */
PM12= 0b11111110; /* Set P120 to output port */
/* P120-P124:Unused */
/**P121-P124:Input port */
/* */
A Setting of Port 13
*/
r* */
P13 = 0b00000000; /* Set P130 Output latch to Low */
/* P130:Unused */
/* */
I Setting of Port 14
*/
r* */
P14 = 0b00000000; /* Set P140-P147 Output latch to Low */
PM14 = 0b0000000O; /* Set P140-P147 to output port */
/* P140-P147:Unused */
r* */
/ Setting of Port 15
*/
/* */
P15 = 0b00000000; /* Set P150-P152,P157 Output latch to Low */
PM15=0b11111111; /* Set P150-P152,P157 to input port */
/* P150:AMP2 */
/* P151,P152,P157:Unused */
}
* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit 0
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/[ parameter: --
*/
I return = :--
*/
r* */
void fn_InitTauO(void)
{
TAUOEN = 1; /* supplies input clock to timer array unit 0 */
TPSOL = 0b00000010; /* Timer Clock Select Register 0 */

*/

330

/*||||++++--- : Selection of operation clock (CK00) */
A : Selection of operation clock (CKO1) */
/20000 : CKOm = fCLK */
/*:0001:CKOm = fCLK/2 */

/:0010:CKOm = fCLK/2"2 */
/*:0011:CKOm = fCLK/2/3 */

/*:0100: CKOm = fCLK/2"\4 */
/*:0101:CKOm = fCLK/2"5 */
/*:0110:CKOm = fCLK/2"6 */
/*:0111:CKOm = fCLK/2/7 */

/*:1000 : CKOm = fCLK/2"8 */

/*:1001: CKOm = fCLK/2/9 */
/*:1010:CKOm = fCLK/2M0 */
/*:1011:CKOm = fCLK/2M1 ¥/
/*:1100:CKOm = fCLK/2M2 ¥/
/*:1101:CKOm = fCLK/2AM3 */
/*:1110:CKOm = fCLK/2M4 */
/*:1111:CKOm = fCLK/2M5 */

/f m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
HINNI++++--- : [1]Operation mode of channel 1 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
PN = 000 0 : [1]Interval timer mode */
ZII [2]Counting down */
T [3]Possible */
ZUINNNN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */
ZIINE=7
SN = 000 1 : [1]Interval timer mode */
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*/

*/

*/
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I

[2]Counting down */
[3]Possible */
[4]Timer interrupt is generated when counting is started */
(timer output also changes). */
*/
20100 :[1]Capture mode */
[2]Counting up */
[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). */
*/
:0110:[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. */
*/
:1001:[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is valid during counting operation. */
At that time, interrupt is also generated. */
*/
11100 :[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). */
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valid edge */

register). */

unselected). */

NN Start trigger is invalid during counting operation. */
I At that time interrupt is not generated, either. */
L=

NN = Other than above : Setting prohibited */

ZINIE=7

T S : Be sure to set 00 */

111111117

PIIN==emmeees : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 1 is selected by using TISO

NIl : 00 : Falling edge */

NI =0 1 : Rising edge */

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

I Start trigger: Falling edge, Capture trigger: Rising edge */

I = 11 : Both edges (when high-level width is measured) */

I Start trigger: Rising edge, Capture trigger: Falling edge */

FINE

e : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 0 1 : Valid edge of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

||ll] : 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

*/

*/

332

/*|IIl] : Other than above : Setting prohibited */

P

F*||||4--m-mmmm e : Selection of slave/master of channel 1 */

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

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

||

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

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/*|| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1

Al (the timer input used with channel 1 is selected by using TISO register).
|t

[*|4mmmmmmmm e : Be sure to set 00 */

%/

A e : Selection of operation clock (MCK) of channel 1 */
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/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */

TDRO0O1 = CCK00_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */
}
/* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
/ parameter: --
*/
r return = --
*/
* */
void fn_InitLvi(void)
{

unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */

/*||||++++--- : Detection level */
Il 0000: VLVIO (4.22V) */
M|ll:0001:VLVI1 (4.07V) */
|l :0010:VLVI2 (3.92V) */
FIl:0011:VLVI3 (3.76V) */
|ll:0100:VLVI4 (3.61V) */
|l 0101 :VLVI5 (3.45V) */
Il :0110:VLVI6 (3.30V) */
Ml :0111:VLVI7 (3.15V) */
|l 1000 :VLVI8 (2.99V) */
Fll:1001:VLVIO (2.84V) ¥/
|l :1010:VLVI0 (2.68V) */
Ml :1011: VLV (2.53V) */
Zl:1100:VLVI12 (2.38V) */
Ml :1101:VLVII3 (2.22V) */
Ml :1110:VLVI4 (2.07V) ¥/
Az 1111 VLVISE (1.91V) ¥/
P

[* - : Be sure to set 0000 */
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LVIM =
*/
*/
VEXLVI) */
VEXLVI). */
VEXLVI ¥/
*/

0b10000000; /* Low-Voltage Detection Register */

lII|+--- : LVIF Low-voltage detection flag */
I = 0:* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */

N * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
N1 * LVISEL = 0: VDD < VLVI ¥/

NN * LVISEL = 1: EXLVI < VEXLVI */

111111

|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)

Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */

NN when VDD drops lower than VLVI (VDD < VLVI) */
NN or when VDD becomes VLVI or higher (VDD >= VLVI).
NN * LVISEL = 1: Generates an interrupt signal */

NN when EXLVI drops lower than VEXLVI (EXLVI <
NN or when EXLVI becomes VEXLVI or higher (EXLVI >=

I = 1 2 * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

N and releases the reset signal when VDD >= VLVI. */
NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
il and releases the reset signal when EXLVI >= VEXLVI.
111110

|||+ : Voltage detection selection(LVISEL) */

/*||ll| : O : Detects level of supply voltage (VDD) */

/|ll| : 1 : Detects level of input voltage from external input pin (EXLVI) */
P

[*|+++4------ : Be sure to set 0000 */
%
J e : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/*:1: Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){

}

/* wait until VLVIO VDD */

while( LVIF ){

334
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LVIIF = 0; /* clear LVI interrupt request flag */
}
r* */
/* Module: fn_InitRtc
*/
/* Description: Setting of Real-time counter */
r* parameter: --
*/
/* return -
*/
/* */
void fn_InitRtc(void)
{
RTCEN = 1; /* supplies operational real-time counter (RTC) input clock. */
RTCCO = 0b00001010; /* Real-Time Counter Control Register 0 */

/*|I|l|+++--- : Constant-period interrupt (INTRTC) selection */
/*|||]l : 0 0 0 : Does not use constant-period interrupt function. */
Il : 001 :Once per0.5s*/

/|IIll:010:0Once per1s*

|l : 011 :Onceper1m?*

Il : 1 00 : Once per 1 hour */

|lll: 101 :Once per 1day */

Il : 11 x: Once per 1 month */

Ml x =don't care */
P
/|| +------ : Selection of 12-/24-hour system */

|l = 0 : 12-hour system */

| = 1 : 24-hour system */

||

[*||4------- : RTCCL pin output control */

/*||| : O : Disables output of RTCCL pin (32 kHz). */
/*||| : 1 : Enables output of RTCCL pin (32 kHz). */
P

PAl | PR : RTC1HZ pin output control */

/*]| : 0 : Disables output of RTC1HZ pin (1 Hz). */
/*|| - 1 : Enables output of RTC1HZ pin (1 Hz). */
|l

e : Be sure to set 0 */
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: Real-time counter operation control */

/*: 0 : Stops counter operation. */

/* 1 : Starts counter operation. */

RTCMK = 1; /* disable RTC interrupt */
RTCIF = 0; /* clear RTC interrupt request flag */
/* RTCE =1; /* starts counter operation */
}
r* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
A return -
*/
* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1 =1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while('TMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */

r* parameter: --

/* return -

336
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I */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,

and voltage reference */

* */
/* Initialization of Voltage reference */
™ */
ADVRC = 0b00001000; /* Analog reference voltage control register */
/||| +]++--- : [1]Positive reference voltage supplies selection of A/D and D/A

converters */

AllIn| [2]Operationcontrol of voltage reference */

Al [3]Output voltage selection of voltage reference */

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

AllIN [5]Relationship with the conversion mode used */

P

/Ill']: 000 : [1]AVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

T [3]12.5V*/

N [4]Stops operation */

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

P

Ill']:010:[1]AVREFP (external voltage reference input) */

Al [2]Stops operation (Hi-Z) */

T [3]12.0V*/

N [4]Enables operation */

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

P

ll']:100:[1]VREFOUT (voltage reference output) */

MllIn| [2]Stops operation (pull-down output) */

I [8]12.5V ™/

I [4]Stops operation */

iy [51-*/

P

I |:101:[1]VREFOUT (voltage reference output) */

Al [2]Enables operation */

lllR: [3]12.5 V™

I [4]Enables operation */

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

P

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

00oooooooooono U20228JJ1V0AN 337



OOA ODOOODODOODOO

338

MllIn| [2]Stops operation (pull-down output) */
T [3]12.0V*/

N [4]Enables operation */

T [51-*/

P

] :111:[1]VREFOUT (voltage reference output) */
Al [2]Enables operation */

T [3]12.0V*/

N [4]Enables operation */

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

/*|I] | : Other than the above : Setting prohibited */

P

L B : Be sure to set 0000 */

%

YA : 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 */
ADPC = 0b00000000; /* A/D Port Configuration Register */
/*|||[+++++--- : Analog input (A)/digital I/O (D) switching */
A - + ANI15/AVREFM/P157 */
M | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M - [ ]| +-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

Fl:00000:AAAAAAAAAAAAY
Fl:00001:AAAAAAAAAAADY
Fl:00010:AAAAAAAAAADDY
FIl:00011:AAAAAAAAADDD?"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD ™
/Il:00110:AAAAAADDDDDD?Y
/l:00111:AAAAADDDDDDD?*
/l:01000:AAAADDDDDDDD?*
/Il:01001:AAADDDDDDDDDY
/Il:01010:AADDDDDDDDDD?*
/Il:01111:ADDDDDDDDDDD¥
/Il:10000:DDDDDDDDDDDDY
Il

J A : Be sure to set 000 */
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/* wait for settling time to 17msec */

fn_Wait500usBase(17000/500);

r* */

/* Initialization of operational amplifier */

r* */

PM2.1 = 1; /* input port mode (AMPOO) */

PM2.0 = 1; /* input port mode (AMPO-) */

PM2.2 = 1; /* input port mode (AMPO+) */

PM2.4 = 1; /* input port mode (AMP10) */

PM2.3 =1; /* input port mode (AMP1-) */

PM2.5 = 1; /* input port mode (AMP1+) */

PM2.7 = 1; /* input port mode (AMP20) */

PM2.6 = 1; /* input port mode (AMP2-) */

PM15.0 = 1; /* input port mode (AMP2+) */

PM11.0 = 1; /* input port mode (ANOO) */

OAC.0=1; /* operational amplifier (AMPOQ) enable */

OAC.1=1; /* operational amplifier (AMP1) enable */

OAC.2=1; /* operational amplifier (AMP2) enable */

r* */

I Initialization of D/A converter */

/* */

DACEN = 1; /* supplies input clock to D/A converter */

I DAMDO = 1; /* [DAMDO] D/A converter operation is Real-time

output mode */

DAM.0 = 0; /* [DAMDO] D/A converter operation is Normal
mode */

DAM.2 = 1; /* [DARESOQ]D/A conversion resolution is 12-bit */

DAM.6 = 1; /* [DAREF] D/A converter positive reference voltage
is VREFOUT */

DACSWO0 = CDACO0_52V; /* D/A conversion value setting reigster 0 */

/* set D/A chanel1 */

DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal
mode */

DAM.3 = 1; /* [IDARES1]D/A conversion resolution is 12-bit */

DACSW1 = CDACO0_50V; /* D/A conversion value setting reigster 1 */
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}
r* */
/* Module: main
*/
/* Description: Main process
*/
A parameter: --
*/
A return -
*/
/* */
void main(void)
{
DACE1 = 1; /* D/A converter CH1 enable */
DACEO = 1; /* D/A converter CHO enable */
/* */
/* */
I Main Loop */
r* */
r* */
RTCIF = 0; /* reset RCT interrupt request */
RTCMK = 0; /* enable RTC interrupt */
RTCE =1; /* starts counter operation */
El(); /* enable all interrupts */
r* */
/* if system have nothing to do, go to standby for power-saving */
r* */
while (1)
{
HALT();
NOP();
}
}
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/* */
/* Module: fn_intrtc
*/
/* Description: RTC interruput process
*/

/ parameter: --

*/
I return = --

*/
/* */

__interrupt void fn_intrtc(void)

{

switch(DACSWO0)
{
case CDACO0_52V: /* DACO output voltage : 0.52V */
DACSWO0 = CDACO0_54V, /* DACO output voltage : 0.52V -> 0.54V
break;
case CDACO0_54V: /* DACO output voltage : 0.54V */
default:
DACSWO0 = CDACO0_52V; /* DACO output voltage : 0.54V -> 0.52V
break;
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(8) 000D

e main.c

/*
* 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

*/

/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

#pragma interrupt INTDMAOQO fn_intdma0O RB1

#pragma interrupt INTPO fn_intp0 RB2
r* */
/* Include files
*/
/* */
/* TAU:TDROnN value operation by CKO0O (fCLK/2/3 = 5MHz) */
#define CCKO0_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */
/* */
/* Function prototyps
*/
r* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)

*/
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void fn_InitPort(void);
ports */

void fn_InitTauO(void);
array unit 0 */

void fn_InitLvi(void);

Low-voltage detectior */

void fn_InitVr(void);
Voltage reference */

void fn_AdcDaclnit(void);

void fn_Dmalnit(void);

controler */

/* */
/* Extern variables/constants
*/

r* */
* */
/* Local constants

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

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

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

*/

* */
/

~

* Setting of 1/0

~

* Setting of Timer

*

~

Setting of

/ Setting of

/* Setting of D/A converter */
/* Setting of DMA

D/A output data

*/

static unsigned short ushDacData[100];

const unsigned short aushDacData[100] = {

/* D/A data for DMA */
/* defined D/A data */
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/*n sin(0.2pi*n/100) */
r* 2048, /"0 0.100000 */
2061, /"1 0.106279 */
2074, /*2 0.112533 */
2086, /*3 0.118738 */
2099, /*4 0.124869 */
2111, /*5 0.130902 */
2123, /"6 0.136812 */
2135, <7 0.142578 */
2147, /*8 0.148175 */
2158, *9 0.153583 */
2168, /*10 0.158779 */
2179, /11 0.163742 */
2188, /*12 0.168455 */
2197, /18 0.172897 */
2206, /*14 0.177051 */
2214, /*15 0.180902 */
2221, /*16 0.184433 */
2227, 17 0.187631 */
2233, /*18 0.190483 */
2238, /19 0.192978 */
2243, /*20 0.195106 */
22486, 21 0.196858 */
2249, /* 22 0.198229 */
2251, /*23 0.199211 */
2252, /*24 0.199803 */
2253, /*25 0.200000 */
2252, I* 26 0.199803 */
2251, /*27 0.199211 */
2249, /* 28 0.198229 */
2246, /*29 0.196858 */
2243, /* 30 0.195106 */
2238, /* 31 0.192978 */
2233, /* 32 0.190483 */
2227, /* 33 0.187631 */
2221, /* 34 0.184433 */
2214, /* 35 0.180902 */
2206, /* 36 0.177051 */
2197, /37 0.172897 */
2188, /* 38 0.168455 */
2179, /*39 0.163742 */
2168, /* 40 0.158779 */
2158, /* 41 0.153583 */
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2147,
2135,
2123,
2111,
2099,
2086,
2074,
2061,
2048,
2035,
2022,
2010,
1997,
1985,
1973,
1961,
1949,
1938,
1928,
1917,
1908,
1899,
1890,
1882,
1875,
1869,
1863,
1858,
1853,
1850,
1847,
1845,
1844,
1843,
1844,
1845,
1847,
1850,
1853,
1858,
1863,
1869,
1875,

/42
/* 43
/* 44
/* 45
/* 46
/* 47
/* 48
/* 49
/* 50
/* 51
/* 52
/* 53
/* 54
/* 55
/* 56
/* 57
/* 58
/* 59
/* 60
/* 61
/* 62
/* 63
/* 64
/* 65
/* 66
/* 67
/* 68
/* 69
/* 70
71
72
73
/74
/*75
/* 76
77
/<78
/79
/* 80
/* 81
/* 82
/* 83
/* 84
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0.148175 */
0.142578 */
0.136812 */
0.130902 */
0.124869 */
0.118738 */
0.112533 */
0.106279 */
0.100000 */
0.093721 */
0.087467 */
0.081262 */
0.075131 */
0.069098 */
0.063188 */
0.057422 */
0.051825 */
0.046417 */
0.041221 */
0.036258 */
0.031545 */
0.027103 */
0.022949 */
0.019098 */
0.015567 */
0.012369 */
0.009517 */
0.007022 */
0.004894 */
0.003142 */
0.001771 */
0.000789 */
0.000197 */
0.000000 */
0.000197 */
0.000789 */
0.001771 */
0.003142 */
0.004894 */
0.007022 */
0.009517 */
0.012369 */
0.015567 */
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1882, /* 85 0.019098 */
1890, /* 86 0.022949 */
1899, /87 0.027103 */
1908, /* 88 0.031545 */
1917, /* 89 0.036258 */
1928, /* 90 0.041221 ¥/
1938, /* 91 0.046417 */
1949, /* 92 0.051825 */
1961, /* 93 0.057422 */
1973, /* 94 0.063188 */
1985, /* 95 0.069098 */
1997, /* 96 0.075131 */
2010, /* 97 0.081262 */
2022, /98 0.087467 */
2035, /* 99 0.093721 */
2048 /100  0.100000 */

|3

I */

/* Hardware initialization

*/
r* */
void hdwinit(void)
{
DI(); /* disable all interrupts */
r* */
r* Initialization of port */
r* */
fn_InitPort();
r* */
r* Initialization of clock */
r* */
CMC= 0b01010011; /* Clock Operation Mode Control Register */

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

NI =12 10 MHz < fMX <= 20 MHz */

Tl

/*|[l||++---- : XT1 oscillator oscillation mode selection */

/Il : 0 0 : Low-consumption oscillation */

]| : 0 1 : Normal oscillation */
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|l = 1 x : Super-low-consumption oscillation */

Ml x =don't care */

1111

|| +------ : Be sure to set 0 */

P

/|| 4------- : [1] Subsystem clock pin operation mode */
Jall [2] XT1/P123 pin and XT2/P124 pin */
/|| : 0 : [1]Input port mode */

Al [2]Input port */

|t

/|| = 1 : [1]XT1 oscillation mode */

Al [2]Crystal resonator connection */

||

PAl | R : Be sure to set 0 */

s

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

I [3]X2/EXCLK/P122 pin */

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

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

Tl

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

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

/*:1 0 :[1]Input port mode */

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

**

/*: 11 :[1]External clock input mode */

[ [2]Input port */
/ [3]External clock input */
MSTOP = 0; /* X1 oscillator operating */
OSMC = 0b00000001; /* Operation Speed Mode Control Register */

|I|||++--- : fCLK frequency selection */

/|IlIll : 0 0 : Operates at a frequency of 10 MHz or less. */
||| : 0 1 : Operates at a frequency higher than 10 MHz. */
Il : 1 0 : Operates at a frequency of 1 MHz. */

1111

[+ : Be sure to set 00000 */

7%/

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

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

/* 1 1 : Stops subsystem clock supply to peripheral functions except real-time

counter, */
/ clock output/buzzer output, 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) */
/*|]:00x000:fHY

/*|1:00x00 1 :flH/2 (default) */
F1:00x010:fIH2/2 %/
F1]1:00x011:fIH2A3 %/
F1]1:00x100:flH/2/ */

F1]1:00x 101 :fIH/2° */
F1:01x000:fMX */
1:01x001:fMX/2*
/1]1:01x010:fMX/2/2 ¥/
Fl1:01x011:fMX/23 ¥/
£11:01x100:fMX/274 ¥/
F1]:01x101: fMX/275 */

M ]:1x0xxx:fSUB*/

M1 x 1 xxx:fSUB/2 ¥/

/*| | - Other than above : Setting prohibited */
/*|| x=don't care */

|

[* e : Status of CPU/peripheral hardware clock (fCLK) */
/*: 0 : Main system clock (fMAIN) */
/*: 1 : Subsystem clock (fSUB) */
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/* Confirming the CPU clock status */
while((CLS = 0)[|(MCS != 1)){

NOP();
1
/* 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/X */

] : 001 :279/X */

] :010:2MO0/fX ¥/

P01 1 2M14X Y

Al :100:2M3/X ¥/

P =101 :2M5/4X %/

P 1 10:2M7/4X %/

P11 1 2M8/4X ¥/

Tl |

[ - : Be sure to set 000000 */
/* */
/* Initialization of timer */
/* */

fn_InitTau0();

/* software to wait for the operation stabilization time */
/* (over 200ms from when XT1 enable) */
fn_Wait500usBase(200000/500);

I */

/* Initialization of low-voltage detector */

I */

fn_InitLvi();

r* */

/* Initialization of A/D,D/A,OPAmMp */
I */

fn_AdcDaclnit();

I */
/* Initialization of DMA */
/* */
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fn_Dmalnit();
EIl(); /* enable all interrupts */
}
/* */
/* Module: fn_InitPort
*/
/* Description: Setting of 1/0O ports */
A parameter: --
*/
I return = :--
*/
/* */
void fn_InitPort(void)
{
r* */
I Ports configuration for digital input and output */
I* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||[+++++--- : Analog input (A)/digital I/O (D) switching */
M - + ANI15/AVREFM/P157 */
| | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
A []]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
/*l:00000:AAAAAAAAAAAAY
/*|l:00001:AAAAAAAAAAADY
/*l:00010:AAAAAAAAAADDY
/*l||:00011:AAAAAAAAADDDY
/*|l:00100:AAAAAAAADDDDY
/Il:00101:AAAAAAADDDDD?Y
/*|l:00110:AAAAAADDDDDDY
/"||:00111:AAAAADDDDDDD?¥
/*l:01000:AAAADDDDDDDD Y
/*l|l:01001:AAADDDDDDDDD?¥
/*|l:01010:AADDDDDDDDDD ¥
/||:01111:ADDDDDDDDDDD*
/*|l:10000:DDDDDDDDDDDD¥
||l
A : Be sure to set 000 */
* */

/*

350
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/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

*/

*/

PO =
PMO =

0b00000000;
Ob11111000;

/* Set P0O0-P02 Output latch to Low */
/* Set PO0-P02 to output port */
/* PO0-P02:Unused */

*/

Setting of Port 1

*/

*/

P1=
PM1 =

0b00000000;
0b00000000;

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

*/

Setting of Port 2

*/

*/

P2 =
PM2 =

0b00000000;
Ob11111111;

/* Set P20-P27 Output latch to Low */
/* Set P20-P27 to input port */
/* P20-P27:Unused */

*/

Setting of Port 3

*/

*/

P3 =

PM3 =

0b00001100;

Ob11100000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */

/* Set P30-P34 to output port */
/* P30-P34:Unused */

Setting of Port 4

*/

*/

P4 =
PM4 =

0b00000000;
Ob11111100;

*/

/* Set P40-P41 Output latch to Low */

/* Set P40-P41 to output port */

/* P40-P41:Unused */

Setting of Port 5

*/

*/

*/
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

352

P5 =
PMS5 =

0b00000000;
Ob11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

*/

Setting of Port 6

*/

P6 =
PM6 =

0b00000000;
Ob11111100;

*/

/* Set P60-P61 Output latch to Low */

/* Set P60-P61 to output port */

/* P60-P61:Unused */

*/

Setting of Port 7

*/

*/

P7 =
PM7 =

0b00000000;
0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8

*/

*/

P8 =
PM8 =

0b00000000;
0b00000000;

/* Set P80-P88 Output latch to Low */
/* Set P80-P88 to output port */
/* P80-P88:Unused */

*/

Setting of Port 9

*/

P9 =
PM9 =

0b00000000;
0b00000000;

*/

/* Set P90-P97 Output latch to Low */

/* Set P90-P97 to output port */

/* P90-P97:Unused */

*/

Setting of Port 10

*/

*/

P10 =
PM10 =

0b00000000;
Ob11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */
/* P100-P102:Unused */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

*/

Setting of Port 11
*/

*/

P11 = 0b00000000;
PM11 = 0b11111100;

/* Set P110-P111 Output latch to Low */
/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12
*/

*/

P12 = 0b00000000;
PM12=0b11111110;

/* Set P120 Output latch to Low */

/* 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;
PM14 = 0b00000000;

/* Set P140-P147 Output latch to Low */
/* Set P140-P147 to output port */
/* P140-P147:Unused */

*/

Setting of Port 15
*/

*/

P15 = 0b00000000;
PM15=0b11111111;

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */
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/* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit 0 */
A parameter: --
*/
I return = :--
*/
/* */
void fn_InitTauO(void)
{
TAUOEN = 1; /* supplies input clock to timer array unit 0 */
TPSOL = 0b00000010; /* Timer Clock Select Register 0 */

/*||||++++--- : Selection of operation clock (CK00) */
[ 44+------ : Selection of operation clock (CKO1) */
/*:0000 : CKOm = fCLK */

/*:0001: CKOm = fCLK/2 */

/*:0010:CKOm = fCLK/2/2 */

/*:0011: CKOm = fCLK/2A3 */

/*:0100: CKOm = fCLK/2/\4 */
/*:0101:CKOm = fCLK/275 */

/*:0110: CKOm = fCLK/276 */
/*:0111:CKOm = fCLK/2/7 */

/*:1000 : CKOm = fCLK/278 */

/*:100 1 : CKOm = fCLK/2A9 */
/*:1010:CKOm = fCLK/2AM0 */
/*:1011:CKOm = fCLK/2AM11 ¥/

/*:1100: CKOm = fCLK/2M2 */
/*:1101:CKOm = fCLK/2A13 */
/*:1110:CKOm = fCLK/2A14 */
/*:1111:CKOm = fCLK/2M 5 */

/* m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
ZUINNII++++--- : [1]Operation mode of channel 1 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
ZUINNNI = 000 0 : [1]Interval timer mode */
I [2]Counting down */
ZHIN [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
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*/

*/

*/

NN (timer output does not change, either). */

I =

ZUINNNI = 000 1 : [1]Interval timer mode */

I [2]Counting down */

ZIIN [3]Possible */

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

=

I = 010 0 : [1]Capture mode */

ZIINH [2]Counting up */

ZIN [3]Possible */

SN0 [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */

=

NN = 0 1 0 1 [1]Capture mode */

I [2]Counting up */

I [3]Possible */

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

=

NI = 0 11 0 : [1]Event counter mode */

ZINH [2]Counting down */

I [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
0N (timer output does not change, either). */

1111111

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

I [2]Counting down */

T [3]impossible */

NN [4]Start trigger is invalid during counting operation. */
ZHINNNN At that time, interrupt is not generated, either. */
111111

NI = 1 00 1 : [1]0One-count mode */

ZINH [2]Counting down */

I [3]impossible */

NN [4]Start trigger is valid during counting operation. */
ZHINNNN At that time, interrupt is also generated. */

111111

NN =1 100 : [1]Capture & one-count mode */

PN [2]Counting up */
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*/

valid edge */

register). */

unselected). */

ZHINITTE [3]Possible */

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

ZNININ Start trigger is invalid during counting operation. */
T At that time interrupt is not generated, either. */
ZHINITT/

NI = Other than above : Setting prohibited */

ZHINITT

T : Be sure to set 00 */

V11111111

Tl R — : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTCH
NI (the timer input used with channel 1 is selected by using TISO

I : 00 : Falling edge */
NI : 0 1 : Rising edge */

NI = 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 */

1111111t

F||]|+++=--=m-- : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 01 : Valid edge of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

|lll : 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

| = 1 00 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

*/

*/

356

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

T 1111

L] #==mmmmmmmmmme : Selection of slave/master of channel 1 */

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

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

P

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

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/*|| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1

Al (the timer input used with channel 1 is selected by using TISO register).
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*/

*/

|

B : Be sure to set 00 */

%

[ pmmmmm e : Selection of operation clock (MCK) of channel 1 */

/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO1 = CCKO00_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */

/* CH4:for DMA */

TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
ZIINNII++++--- : [1]Operation mode of channel 4 */
0NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NN = 000 0 : [1]Interval timer mode */
ZIN [2]Counting down */
ZIIN [3]Possible */
0NN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */
I =
PN = 000 1 : [1]Interval timer mode */
ZHN [2]Counting down */
I [3]Possible */
0NN [4]Timer interrupt is generated when counting is started */
ZNNHINI (timer output also changes). */
I =7
NN = 01 00 : [1]Capture mode */
N [2]Counting up */
I [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
SN0 (timer output does not change, either). */
ZIINIE=7
NN = 0 1 0 1 : [1]Capture mode */
NI [2]Counting up */
I [3]Possible */
NN [4]Timer interrupt is generated when counting is started */
NI (timer output also changes). */
11111
NI = 011 0 : [1]Event counter mode */
ZINHI [2]Counting down */
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*/

*/

valid edge */

register). */

358

I [3]Possible */

ZNNIITH [4]Timer interrupt is not generated when counting is started
0NN (timer output does not change, either). */

ZINIE=7

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

I [2]Counting down */

T [3]impossible */

ZHNHIN [4]Start trigger is invalid during counting operation. */
ZUINNNN At that time, interrupt is not generated, either. */
ZITNE=7

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

I [2]Counting down */

T [3]impossible */

NN [4]Start trigger is valid during counting operation. */

NN At that time, interrupt is also generated. */

ZINIE=7

ZUINNII = 1100 : [1]Capture & one-count mode */

NI [2]Counting up */

I [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */

ZNININ Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */

I =

NN = Other than above : Setting prohibited */

=

T : Be sure to set 00 */

ZIIE

T : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTCH1
NN (the timer input used with channel 4 is selected by using TISO
NI : 00 : Falling edge */

NNl : 0 1 : Rising edge */

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

AITTII: Start trigger: Falling edge, Capture trigger: Rising edge */

NI = 1 1 : Both edges (when high-level width is measured) */

NI Start trigger: Rising edge, Capture trigger: Falling edge */

111111

P[44 : Setting of start trigger or capture trigger of channel 4 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are
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unselected). */

Il : 0 01 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is
used as both the start trigger and capture trigger. */

/Il : 0 1 0 : Both the edges of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTCA
are used as a start trigger and a capture trigger. */

/IIIl : 1 0 0 : Interrupt signal of the master channel is used (when the channel is
used as a slave channel with the combination operation function). */

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

1111

FI|4-==mmmmm - : Selection of slave/master of channel 4 */

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

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

||

[*]||[4=m=mmmmmmmmmee : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : Operation clock MCK specified by CKS04 bit */

/*|| : 1 : Valid edge of input signal input from T104 pin, fSUB/2, fSUB/4, or INTRTC1

*/
Al (the timer input used with channel 4 is selected by using TISO register).
*/
||t
B : Be sure to set 00 */
7%/
A e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO04 = 200; /* set interval time to 10us(=0.05us * 200) */
TMMKO04 = 1; /* disable interrupt */
}
/* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
r* parameter: --
*/
I return -
*/
/* */
void fn_InitLvi(void)
{
unsigned short loop; /* waiting counter */
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LVIMK = 1; /* disable LVI interrupt */

LVIS =

LVIM =

*/

*/

VEXLVI) */

VEXLVI). */

360

0b00001001; /* Low-Voltage Detection Level Select Register */
/*|l||++++--- : Detection level */

/Il : 0000 : VLVIO (4.22V) */

Zlll: 0001 : VLV (4.07V) */

/|l :0010:VLVI2 (3.92V) */

ZIl:0011:VLVI3 (3.76V) */

lll:0100:VLVI4 (3.61V) */

0101 :VLVI5 (3.45V) */

Il :0110:VLVI6 (3.30V) */

Ml :0111:VLVI7 (3.15V) */

/|| :1000:VLVI8 (2.99V) */

Il 1001:VLVIO (2.84V) */

0

Ml :1010:VLVI0 (2.68V) */

Ml :1011:VLVIH1 (2.53V) */

M]:1100:VLVIH2 (2.38V) */

Ml:1101:VLVHH3 (2.22V) */

Al :1110:VLVI14 (2.07V) */

A1 111:VLVI5 (1.91V) %/

P

[+t 4mm-ee- : Be sure to set 0000 */

0b10000000; /* Low-Voltage Detection Register */

lII|+--- : LVIF Low-voltage detection flag */
I = 0:* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */

I * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
AN =1 * LVISEL = 0: VDD < VLVI */

JITIIT * LVISEL = 1: EXLVI < VEXLVI */

FINE

|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)

Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */

NN when VDD drops lower than VLVI (VDD < VLVI) */
NN or when VDD becomes VLVI or higher (VDD >= VLVI).
N * LVISEL = 1: Generates an interrupt signal */

N when EXLVI drops lower than VEXLVI (EXLVI <
NN or when EXLVI becomes VEXLVI or higher (EXLVI >=

Il =1 :* LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

N and releases the reset signal when VDD >= VLVI. */
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N * LVISEL = 1: Generates an internal reset signal when EXLVI <
VEXLVI */

N and releases the reset signal when EXLVI >= VEXLVI.
*/

P

||+ : Voltage detection selection(LVISEL) */
||lll : O : Detects level of supply voltage (VDD) */

/Il : 1 : Detects level of input voltage from external input pin (EXLVI) */

11|

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

7/

[*mmmmnmmee- : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/* 11 : Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){

NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
r* */
/* Module: fn_Dmalnit
*/
/* Description: Setting of DMA contoroler */
I parameter: --
*/
/* return -
*/
* */
void fn_Dmalnit(void)
{
DENO = 1; /* Enables operation of DMA channel 0 */
DSAO = (unsigned char)&DACSWO0; /* DMA SFR Address Register
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0*
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DMCO = 0b01100100; /* DMA Mode Control Register 0 */
111111 s
||| ++++------- IFC3-IFCO */
Al [Selection of DMA start source] */
Al 0000:Disables DMA transfer by interrupt */
Al (Only software trigger is enabled.) */
il 0010:INTTMOO */
Pl 0011:INTTMO1 */
Il 0100:INTTMO4 */
il 0101:INTTMO5 */
Al 0110:INTSTO/INTCSIO00 */
Jalll 0111:INTSRO/INTCSIO1 */
il 1000:INTST1/INTCSI10/INTIIC10 */
il 1001:INTSR1 */
Pl 1010:INTST3 */
il 1011:INTSR3 */
i 1100:INTAD */
[ —— DWAITO */
| [Pending of DMA transfer] */
Al 0:Executes DMA transfer upon DMA start request (not held pending).
*/
Al 1:Holds DMA start request pending if any. */
[*||4=mmmmmmmmmen DSO0 */
Al [Specification of transfer data size for DMA transfer] */
Al 0:8bits */
Al 1:16bits */
[H|mmmmmmmme e DRSO */
A [Selection of DMA transfer direction] */
7 0:SFR to internal RAM */
7 1:Internal RAM to SFR */
[Fpmmmmmmmmenen STGO */
/ [DMA transfer start software trigger] */
/* 0:No trigger operation */
/* 1:DMA transfer is started when DMA operation is enabled (DENO = 1).
*/
DSTO = 1; /* DMA transfer is started when DMA operation is enabled (DENO = 1). */
}
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/* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
/ parameter: wait time(Time)
*/
I return = --
*/
/* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1=1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while(ITMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
/* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */
/[ parameter: --
*/
I return = --
*/
r* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,

and voltage reference */

r* */
/* Initialization of Voltage reference */
r* */
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ADVRC = 0b00001000; /* Analog reference voltage control register */
||| +]++--- : [1]Positive reference voltage supplies selection of A/D and D/A

converters */

N [2]Operationcontrol of voltage reference */

AN [38]0utput voltage selection of voltage reference */

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

I [5]Relationship with the conversion mode used */

FET

/|I[l]1: 000 :[1]JAVREFP (external voltage reference input) */

N [2]Stops operation (Hi-Z) */

T [3]2.5 V */

N [4]Stops operation */

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

FET

/[11:010:[1]JAVREFP (external voltage reference input) */

1IN [2]Stops operation (Hi-Z) */

T [3]2.0 V */

Al [4]Enables operation */

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

FET

Ill']:100:[1]VREFOUT (voltage reference output) */

I [2]Stops operation (pull-down output) */
il [3]25V ¥/

Al [4]Stops operation */

T [51-*/

FET

Mll']:101:[1]VREFOUT (voltage reference output) */

Ml [2]Enables operation */

aliin [3]2.5 V */

Al [4]Enables operation */

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

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

Ml [2]Stops operation (pull-down output) */
AliIN [3]2.0V */

IMllIN [4]Enables operation */

T 51 -/

FE

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

AllIN [2]Enables operation */
il [38]2.0 V ¥/
MliN [4]Enables operation */
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ADVRC.0 = 1;
ADVRC.1 =1;

ADPC =

Al
alllNa

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

/*|I] | : Other than the above : Setting prohibited */

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

P

[*|+++-t----- : Be sure to set 0000 */
7%/

[*mmmmnnnann

/*:0:AVSS */

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

0b00000000;

/*|||+++++--- : Analog input (A)/digital /O (D) switching */
ANI15/AVREFM/P157 */
ANI10/P152 - ANI8/AMP2+/P150 */

|

il

il
/l]:00000:
/lI|:00001:
/|:00010:
/ll:00011:
/lI:00100:
/ll:00101:
/ll:00110:
£l:00111:
/"||:01000:
/l:01001:
l:01010:
F:01111:
/ll:10000:
|1t

[ mmnnne

/* Enables operation */

/* Output 2.0 V ¥/

/* A/D Port Configuration Register */

'
-

—

[]]]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

AAAAAAAAAAAAY
AAAAAAAAAAADY
AAAAAAAAAADDY
AAAAAAAAADDDY
AAAAAAAADDDD?Y
AAAAAAADDDDD™Y
AAAAAADDDDDD?Y
AAAAADDDDDDD?™
AAAADDDDDDDD?Y
AAADDDDDDDDD¥
AADDDDDDDDDD™
ADDDDDDDDDDD¥
DDDDDDDDDDDD*

: Be sure to set 000 */

/* wait for settling time to 17msec */

fn_Wait500usBase(17000/500);

/*

*/

/* Initialization of operational amplifier

/*

*/

PM2.1 =1;
PM2.0 = 1;
PM2.2 = 1;

*/

/* input port mode (AMPOO) */
/* input port mode (AMPO-) */
/* input port mode (AMPO+) */
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PM2.4 =1;
PM2.3 =1;
PM2.5 = 1;
PM2.7 = 1;
PM2.6 = 1;
PM15.0 = 1;
PM11.0=1;
ADCEN = 1;
OAC.0=1;
OAC.1=0;
OAC.2 =0;
I */
A Initialization of D/A converter
I */
DACEN = 1;
I DAMDO = 1;
output mode */
DAM.O = 0;
mode */
DAM.2 = 1;
DAM.6 = 1;
is VREFOUT */
DACSWO = aushDacData[99];
/* set D/A chanell */
DAM.1 = 0;
mode */
DAM.3 = 1;
DACSW1 = aushDacData[99];
!
/*
/* Module: main
*/
/* Description: Main process

366

*/

*/

/* input port mode (AMP10) */

/* input port mode (AMP1-) */

/* input port mode (AMP1+) */

/* input port mode (AMP20) */

/* input port mode (AMP2-) */

/* input port mode (AMP2+) */

/* input port mode (ANOOQ) */

/* supplies input clock to OPAmp A/D converter */

/* operational amplifier (AMPQ) enable */

/* operational amplifier (AMP1) disable */

/* operational amplifier (AMP2) disable */

*/

/* supplies input clock to D/A converter */
/* [DAMDO] D/A converter operation is Real-time

/* [DAMDO] D/A converter operation is Normal

/* [DARESO]D/A conversion resolution is 12-bit */

/* [DAREF] D/A converter positive reference voltage

/* D/A conversion value setting reigster 0 */

/* [DAMD1] D/A converter operation is Normal

/* [DARES1]D/A conversion resolution is 12-bit */

/* D/A conversion value setting reigster 1 */
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/[ parameter: --

/* return -

/*

*/

*/
*/

void main(void)

{

unsigned short

count;

/* Port setting */

P12.0=0;
PM12.0 = 1;
P7.3=0;
PM7.3 = 0;

/* counter for initializing D/A convert data */

/* INTPO pin valid edge selection */

EGP0.0 = 1;
EGNO0.0 = 1;

DACE1 =1;
DACEOQ = 1;

/*

/* Both rising and falling edges */

/* D/A converter CH1 enable */
/* D/A converter CHO enable */

*/

/*

/*
/*

Main Loop

/*

*/

*/

*/

*/

*

~

initialize D/Aconverter data */

for(count = 0; count<100; count++){

ushDacData[count] = aushDacData[count];

TSOL.4 =1;
TMIFO04 = 0;

DMAMKO = 0;

PIFO = 0;
PMKO = 0;

EI();

/* start TAUO CH4 */
/* reset INTTMO4 interrupt request */

/* enable DMA CHO interrupt */

/* reset INTPO interrupt request */
/* enable INTPO interrupt */

/* enable all interrupts */
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/* */
/* if system have nothing to do, go to standby for power-saving */
r* */
while (1){
HALT();
NOP();
}
}
/* */
/* Module: fn_intdma0
*/
/* Description: DMA chO interruput process */
A parameter: --
*/
I return = --
*/
r* */
__interrupt void fn_intdma0(void)
{
DRAO = (unsigned short)&ushDacData[0]; /* DMA RAM Address Register 0 */
DBCO = 100; /* DMA Byte Count Register 0 */
DSTO =1; /* DMA transfer is started when DMA operation is enabled
(DENO = 1). */
}
/* */
/* Module: fn_intp0
*/
/* Description: INTPO interruput process */
A parameter: --
*/
I return = --
*/
* */
__interrupt void fn_intpO(void)
{
P7.3 =P12.0;
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(99CROD OO

e main.c

/*
* 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
*/
/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP
/* */
/* Include files
*/
r* */
/* TAU:TDROnN value operation by CKOO (fCLK/2/3 = 5MHz) */
#define CCKOO_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */
r* */
/* Function prototyps
*/

/* */

void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)

*/
void fn_InitPort(void);
ports */
void fn_InitTauO(void);
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array unit 0 */
void
Low-voltage detectior */
void
Voltage reference */

void

fn_InitLvi(void);

fn_InitVr(void);

fn_AdcDaclnit(void);

/ Setting of

/ Setting of

/* Setting of D/A converter */

/* Setting of LCD driver */

*/

extern void fn_DisplayInit(void);
extern void fn_Display(unsigned short ushCount);/* LCD display */
/* */
/* Extern variables/constants
*/

/* */
/* */
/* Local constants

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

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

*/
/* */
/* */
/* Code
/* */
/* */
/* Hardware initialization

*/
/* */
void hdwinit(void)
{
DI(); /* disable all interrupts */
/* */
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A Initialization of port */
/ */
fn_InitPort();

r* */

I Initialization of clock */

r* */

CMC = 0b01010011; /* Clock Operation Mode Control Register */

|lIll|+--- : Control of high-speed system clock oscillation frequency */
A1z 0: 2 MHz <= fMX <= 10 MHz */

Nz 1 10 MHz < fMX <= 20 MHz */

ZINE

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

/||| : 0 0 : Low-consumption oscillation */

/Il : 0 1 : Normal oscillation */

Il : 1 x : Super-low-consumption oscillation */

Il x =don't care */

P

M|+ : Be sure to set 0 */

||

[*||4=-=---- : [1] Subsystem clock pin operation mode */
Al [2] XT1/P123 pin and XT2/P124 pin */
/|| : 0 : [1]Input port mode */

Al [2]Input port */

||

/I] + 1 : [11XT1 oscillation mode */

Al [2]Crystal resonator connection */

||t

[+ : Be sure to set 0 */

|l

[*4mmmmmmmen : [1]JEXCLK OSCSEL High-speed system clock pin operation mode */
/* [2]X1/P121 pin */

* [3]X2/EXCLK/P122 pin */

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

/ [2][3]Input port */

i

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

I* [2][3]Crystal/ceramic resonator connection */
Tl

/*:10:[1]lnput port mode */
/ [2][3]Input port */
/**

/* 11 : [1]External clock input mode */
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I* [2]Input port */
I* [3]External clock input */
MSTOP = 0; /* X1 oscillator operating */
XTSTOP = 0; /* XT1 oscillator operating */
OSMC = 0b00000001; /* Operation Speed Mode Control Register */

|I||]++--- : fCLK frequency selection */

Il : 0 0 : Operates at a frequency of 10 MHz or less. */
Il : 0 1 : Operates at a frequency higher than 10 MHz. */
Il : 1 0 : Operates at a frequency of 1 MHz. */

P

e : Be sure to set 00000 */

%

J e : 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, */
I* clock output/buzzer output, 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. */

I* */

NOP();

NOP();

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

/*|+|+++++--- : Selection of CPU/peripheral hardware clock (fCLK) */
/*|1:00x000:flH*

/|]1:00x00 1 :flH/2 (default) */

F1:00x010:fIH2/2 %/

/1:00x011:fIH2A3*

F1]:00x100:flH/2M ¥/

F1]1:00x 101 :fIH/275 */

/1:01x000:fMX*/

F1]1:01x001:fMX/2 %/
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374

F1]:01x010:fMX/2/2 */
F1]1:01x011:fMX/273 */
F1]1:01x100:fMX/274 */
F1]1:01x101: fMX/275 */

11 x0xxx:fSUB*/

M1 x1xxx:fSUB/2*/

/*| | : Other than above : Setting prohibited */
/*|| x=don't care */

|

[ mmmmmme : 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 */
/*|l]l : 000 : 278/fX */

Ml :00 1 :209/X */

|l : 010 :2M0/X */

Ml 011 2M 14X/

Ml :100:2M3/4X ¥/

Ml =101 :2M5/4X %/

M1 10:2M7/4X Y

P11 2M8/4X 4

NI/

A e : Be sure to set 000000 */
/* i
/* Initialization of timer */
/* */

fn_InitTau0();

/* software to wait for the operation stabilization time */
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/* (over 200ms from when XT1 enable) */

fn_Wait500usBase(200000/500);

r* */

/* Initialization of low-voltage detector */

r* */

fn_InitLvi();

/* */

/* Initialization of A/D,D/A,OPAmp */
r* */

fn_AdcDaclnit();

/* */
/* Initialization of LCD */
/* */

fn_Displaylnit();

EIl(); /* enable all interrupts */
}
r* */
/* Module: fn_InitPort
*/
/* Description: Setting of I/O ports */
r* parameter: --
*/
/ return = --
*/
/* */
void fn_InitPort(void)
{
r* */
A Ports configuration for digital input and output */
* */
ADPC = 0b00010000; /* A/D Port Configuration Register */
/*|||+++++--- : Analog input (A)/digital /O (D) switching */
M - t ANI15/AVREFM/P157 */
M - | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
M []]+-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

/"Il :00000:AAAAAAAAAAAAY
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/*
/*

/*

/*

Fl:00001:AAAAAAAAAAAD?Y
Fl:00010:AAAAAAAAAADDY
/Il:00011:AAAAAAAAADDD™
Fl:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD*
/ll:00110:AAAAAADDDDDD?Y
FIl:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?*
/Il:01001:AAADDDDDDDDD?Y
/l:01010:AADDDDDDDDDD?*
/ll:01111:ADDDDDDDDDDDY
/l:10000:DDDDDDDDDDDDY

It

------ : Be sure to set 000 */

*/

Setting of Port 0
*/

*/

PO =
PMO =

0b00000000;
Ob11111000;

/* Set P0O0-P02 Output latch to Low */
/* Set P00-P02 to output port */
/* PO0-P02:Unused */

*/

/*

/*

Setting of Port 1
*/

*/

/*

P1=
PM1 =

0b00000000;
0b00000000;

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

/*

/*

Setting of Port 2
*/

*/

*/

/*

P2 =
PM2 =

0b00000000;
Ob11111111;

/* Set P20-P27 Output latch to Low */
/* Set P20-P27 to input port */
/* P20-P27:Unused */

*/

/*

/*

Setting of Port 3
*/

*/

376
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

P3 = 0b00001100;

PM3 = 0b11110000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */

/* Set P30-P33 to output port */

/* Set P34(TI06) to input port */

/* P30-P33:Unused */

Setting of Port 4
*/

*/

*/

P4 = 0b00000000;
PM4 = 0b11111100;

/* Set P40-P41 Output latch to Low */
/* Set P40-P41 to output port */
/* P40-P41:Unused */

*/

Setting of Port 5
*/

P5 = 0b00000000;
PM5= " 0b11110000;

*/

/* Set P50-P57 Output latch to Low */

/* Set P50-P57 to output port */

/* P50-P57:Unused */

*/

Setting of Port 6
*/

*/

P6 = 0b00000000;
PM6=  0Ob11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

Setting of Port 7
*/

*/

*/

P7 = 0b00000000;
PM7 = 0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8
*/

P8 = 0b00000000;

*/
/* Set P80-P88 Output latch to Low */
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/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

378

PM8 =

0b00000000;

/* Set P80-P88 to output port */
/* P80-P88:Unused */

*/

Setting of Port 9

*/

P9 =
PM9 =

0b00000000;
0b00000000;

*/

/* Set P90-P97 Output latch to Low */

/* Set P90-P97 to output port */

/* P90-P97:Unused */

*/

Setting of Port 10

*/

*/

P10 =
PM10 =

0b00000000;
Ob11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */
/* P100-P102:Unused */

Setting of Port 11

*/

*/

*/

P11=
PM11 =

0b00000000;
Ob11111100;

/* Set P110-P111 Output latch to Low */
/* Set P110-P111 to output port */
/*P110-P111:Unused */

*/

Setting of Port 12

*/

P12 =
PM12 =

0b00000000;
Ob11111110;

*/

/* Set P120 Output latch to Low */

/* 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 */
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/*

*/

/*

/*

Setting of Port 14
*/

*/

/*

P14 = 0b00000000;
PM14 = 0b00000000;

/* Set P140-P147 Output latch to Low */
/* Set P140-P147 to output port */
/* P140-P147:Unused */

*/

/*

/*

Setting of Port 15
*/

*/

P15 = 0b00000000;
PM15=0b11111111;

/* Set P150-P152,P157 Output latch to Low */
/* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */

/*

/* Module: fn_InitTau0

/* Description:

/*

/*

/*

parameter: --

return .-

*/

*/

Setting of Timer array unit O

*/

*/
*/

void

fn_InitTauO(void)

TAUOEN = 1;
TPSOL = 0b00000010;

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

[*++++

*/

/* supplies input clock to timer array unit 0 */

/* Timer Clock Select Register 0 */

/:0000:CKOm = fCLK */

/*:
/*:
/*:
/*:
Tl
[

/*

/*
[*:
/*

000 1:CKOm =fCLK/2*/
0010 :CKOm = fCLK/2/2 */
001 1:CKOm = fCLK/2/3 */
0100 : CKOm = fCLK/2"4 */
010 1:CKOm = fCLK/2/5 */
011 0:CKOm = fCLK/26 */
:0111:CKOm = fCLK/2/7 */
1000 : CKOm = fCLK/2/8 */
100 1:CKOm = fCLK/2/9 */
1010 :CKOm = fCLK/2/0 */
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/*:1011:CKOm = fCLK/2M 1 */
/*:1100: CKOm = fCLK/2M2 ¥/
/*:1101:CKOm = fCLK/2M3 */
/*:1110:CKOm = fCLK/2AM4 */
/*:1111:CKOm = fCLK/2/M5 */

/Y m=0,1%
/* CH1:for wait */
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
NN ++++--- : [1]Operation mode of channel 1 */
ZNININ [2]Count operation of TCR */
NN [3]independent operation */
NN [4]Setting of starting counting and interrupt */
NN : 000 0 : [1]interval timer mode */
NN [2]Counting down */
T [3]Possible */
ZNINIIN [4]Timer interrupt is not generated when counting is started
*/
ZHINNNN (timer output does not change, either). */
=
PN = 000 1 : [1]Interval timer mode */
I [2]Counting down */
ZIIN [3]Possible */
ZNINIIN [4]Timer interrupt is generated when counting is started */
ZHNHINI (timer output also changes). */
I =
NI : 0 100 : [1]Capture mode */
I [2]Counting up */
I [3]Possible */
ZNINIIN [4]Timer interrupt is not generated when counting is started
*/
ZHNHIN (timer output does not change, either). */
I =
ZIINIE: 010 1 - [1]Capture mode */
N [2]Counting up */
ZHI [3]Possible */
ZNINIIN [4]Timer interrupt is generated when counting is started */
ZHNHINI (timer output also changes). */
=
ZUINNNI = 0 11 0 : [1]Event counter mode */
Aty [2]Counting down */
Al [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
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*/

*/

valid edge */

register). */

unselected). */

NN (timer output does not change, either). */

I =

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

ZHINITTE [2]Counting down */

PN [3]impossible */

NN [4]Start trigger is invalid during counting operation. */
ZUINNNN At that time, interrupt is not generated, either. */
=

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

ZHINITTE [2]Counting down */

ZHINITTE [3]impossible */

NN [4]Start trigger is valid during counting operation. */

ZUINNNN At that time, interrupt is also generated. */

=7

NN =1 100 : [1]Capture & one-count mode */

ZHINTTE [2]Counting up */

ZHINHTE [3]Possible */

0NN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
ZANITT

NN = Other than above : Setting prohibited */

=

T : Be sure to set 00 */

V111111111t

PNIN++==mmmmee : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 1 is selected by using TISO
Il : 00 : Falling edge */

I = 0 1 : Rising edge */

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

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

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

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

1111111

P [Hmmmmmmeeees : Setting of start trigger or capture trigger of channel 1 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

]| : 0 0 1: Valid edge of TIO1 pin input signal, fSUB/2, {SUB/4, or INTRTC1 is
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used as both the start trigger and capture trigger. */

|l : 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

/Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

*/

*/

*/

382

/*||I|| : Other than above : Setting prohibited */

1111t

P |4===mmmmm - : Selection of slave/master of channel 1 */

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

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

P

[*||[+--=mmmmm e : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/|| - 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTCA

Al (the timer input used with channel 1 is selected by using TISO register).
1

[ Apmmmmmmmmnnneeee : Be sure to set 00 */

%

JA e : Selection of operation clock (MCK) of channel 1 */

/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO1 = CCKO00_500USEC; /* set interval time to 500us */
TMMKO1 = 1; /* disable interrupt */

/* CH4:for capturing interval */

TMRO04 = 0b1000000000000000; /* Timer Mode Register 04 */
ZUINNI++++--- : [1]Operation mode of channel 4 */
0NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
ZUINNNI = 000 0 : [1]Interval timer mode */
I [2]Counting down */
I [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */
I =
ZUINNNI = 000 1 : [1]Interval timer mode */
ZITNH [2]Counting down */
ZHINI [3]Possible */
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I

[4]Timer interrupt is generated when counting is started */
(timer output also changes). */
*/
:0100:[1]Capture mode */
[2]Counting up */
[3]Possible */

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

(timer output does not change, either). */
*/
20101 :[1]Capture mode */
[2]Counting up */
[3]Possible */
[4]Timer interrupt is generated when counting is started */
(timer output also changes). */
*/
2011 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). */
*/
21000 :[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. */
*/
21001 :[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is valid during counting operation. */
At that time, interrupt is also generated. */
*/
21100 :[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. */
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ZIINIE =7

NN = Other than above : Setting prohibited */

ZIINIE=7

T : Be sure to set 00 */

1111111

111111 : Selection of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1
valid edge */

ZANI (the timer input used with channel 4 is selected by using TISO

register). */
I : 00 : Falling edge */
NNl : 0 1 : Rising edge */

NI = 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 */

1111111t

F||]|+++=--=--- : Setting of start trigger or capture trigger of channel 4 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

unselected). */

Il : 0 01 : Valid edge of TI04 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is
used as both the start trigger and capture trigger. */

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

/Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is
used as a slave channel with the combination operation function). */

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

1111

L] #=mmmmmmmmmmm : Selection of slave/master of channel 4 */

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

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

||

[*]||[4=mmmmmmmmmmmee : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : Operation clock MCK specified by CKS04 bit */

/*|| : 1 : Valid edge of input signal input from T104 pin, fSUB/2, fSUB/4, or INTRTC1

*/

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

||

L : Be sure to set 00 */

%

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

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

*/

*/

TDRO04 = 20000; /* set interval time to 1ms(=0.05us * 20000) */
TMMKO04 = 1; /* disable interrupt */

/* CHé:for TI06 */

TMRO06 = 0b1001000101000110; /* Timer Mode Register 06 */
NN |++++--- : [1]Operation mode of channel 6 */
NN [2]Count operation of TCR */
NN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
PN = 000 0 : [1]interval timer mode */
I [2]Counting down */
I [3]Possible */
ZUINNNN [4]Timer interrupt is not generated when counting is started
0NN (timer output does not change, either). */
ZINIE=7
PN = 000 1 : [1]Interval timer mode */
I [2]Counting down */
I [3]Possible */
0TI [4]Timer interrupt is generated when counting is started */
NI (timer output also changes). */
ZIINIE=7
NI = 01 00 : [1]Capture mode */
NI [2]Counting up */
T [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
ZIINIE=7
NN =0 10 1 : [1]Capture mode */
I [2]Counting up */
I [3]Possible */
ZHINNNN [4]Timer interrupt is generated when counting is started */
ZHNIT (timer output also changes). */
7
SN = 011 0: [1]Event counter mode */
ZHINNNN [2]Counting down */
T [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
FIITNINI (timer output does not change, either). */
ZIINIE=7
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*/

valid edge */

register). */

unselected). */

NN : 1000 : [1]One-count mode */

NN [2]Counting down */

T [3]impossible */

NN [4]Start trigger is invalid during counting operation. */
ZNINIIN At that time, interrupt is not generated, either. */
ZIINIE7

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

NN [2]Counting down */

T [3]lmpossible */

NN [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

ZITNIE=7

NN =1 100 : [1]Capture & one-count mode */

T [2]Counting up */

T [3]Possible */

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

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
=

NN = Other than above : Setting prohibited */

ZIITNIE=7

S : Be sure to set 00 */

111111117

P +=mmmemee : Selection of TI06 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 6 is selected by using TISO

NIl : 0 0 : Falling edge */
I =0 1 : Rising edge */

NI = 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) */

NI Start trigger: Rising edge, Capture trigger: Falling edge */

N

FA|1||+++=--=m--- : Setting of start trigger or capture trigger of channel 6 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 0 1 : Valid edge of TI06 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

||ll] : 0 1 0 : Both the edges of TI06 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

386
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Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

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

1111t

[*||||4--mmmm e : Selection of slave/master of channel 6 */

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

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

||

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

/*|| : 0 : Operation clock MCK specified by CKS04 bit */

/*||| : 1 : Valid edge of input signal input from T104 pin, fSUB/2, fSUB/4, or INTRTC1

*/
Al (the timer input used with channel 4 is selected by using TISO register).
*/
||t
[ mmmmmmm e : Be sure to set 00 */
7%/
A : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TDRO06 = Oxffff; /* set initial count */
TMMKO6 = 1; /* disable interrupt */
TIS0.6 = 0; /* select TI06 */
}
/* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
/[ parameter: --
*/
I return = --
*/
* */
void fn_InitLvi(void)
{
unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */

/*||[|++++--- : Detection level */
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LVIM =

*/

*/

VEXLVI) */

VEXLVI). */

VEXLVI ¥/

388

/||| : 0000 :VLVIO (4.22V) */
Il: 0001 : VLV (4.07V) */
Ill:0010:VLVI2 (3.92V) */
0011 :VLVI3 (3.76V) */
Il:0100:VLVI4 (3.61V) */
Il : 0101 :VLVI5 (3.45V) */
/|l 0110:VLVI6 (3.30V) */
ZIl:0111:VLVI7 (3.15V) */
|l : 1000 :VLVI8 (2.99V) */
1001 :VLVI9 (2.84V) */
Il 1010:VLVIH0 (2.68V) */
1011 : VLV (2.53V) */
[]:1100:VLVI12 (2.38V) */
Zl:1101:VLVH3 (2.22V) */
Zl:1110:VLVI14 (2.07V) */
1111 VLIS (1.91V) ¥/
||l
Ja : Be sure to set 0000 */
Ob10000000; /* Low-Voltage Detection Register */

IIl|+--- : LVIF Low-voltage detection flag */
Il 0 :* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */

i

* LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */

s 1:* LVISEL = 0: VDD < VLVI */

i

* LVISEL = 1: EXLVI < VEXLVI */

111111

|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)

Al
Al
Al

Al
il

il
Al
Al
il

il

:0: * LVISEL = 0: Generates an internal interrupt signal */
when VDD drops lower than VLVI (VDD < VLVI) */
or when VDD becomes VLVI or higher (VDD >= VLVI).

* LVISEL = 1: Generates an interrupt signal */
when EXLVI drops lower than VEXLVI (EXLVI <

or when EXLVI becomes VEXLVI or higher (EXLVI >=
:1:* LVISEL = 0: Generates an internal reset signal when VDD < VLVI */
and releases the reset signal when VDD >= VLVI. */

* LVISEL = 1: Generates an internal reset signal when EXLVI <

and releases the reset signal when EXLVI >= VEXLVI.
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*/

11111
|||+ : Voltage detection selection(LVISEL) */
/*||ll| : O : Detects level of supply voltage (VDD) */
/*||Il| : 1 : Detects level of input voltage from external input pin (EXLVI) */
P
[H|H++4mmm-- : Be sure to set 0000 */
%
J : Enables low-voltage detection operation */
/*: 0 : Disables operation */
/*:1: Enables operation */
/* software to wait for the operation stabilization time (210us) */
for(loop = 500; loop > 0; loop--){
NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
/* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
/[ parameter: wait time(Time)
*/
I return -
*/
r* */
void fn_Wait500usBase(unsigned short Time)
{

TSOL.1=1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while(ITMIFO1){
NOP();
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}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */
/[ parameter: --
*/
I return -
*/
I* */
void fn_AdcDaclnit(void)
{
ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,
and voltage reference */
r* */
/* Initialization of Voltage reference */
* */
A ADVRC = 0b00001000; /* Analog reference voltage control register */
||| +]++--- : [1]Positive reference voltage supplies selection of A/D and D/A
converters */
N [2]Operationcontrol of voltage reference */
Al [3]Output voltage selection of voltage reference */
il [4]Operation control of input gate voltage boost circuit for A/D
converter */
Al [5]Relationship with the conversion mode used */
FET
/|ll']: 000 : [1]JAVREFP (external voltage reference input) */
Ml [2]Stops operation (Hi-Z) */
llIN 3125V */
allIN [4]Stops operation */
AN [5]Can be set in conversion mode 1 */
FET
/Ill']:010:[1]JAVREFP (external voltage reference input) */
N [2]Stops operation (Hi-Z) */
| [8]12.0V ¥/
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/*
/*

Al [4]Enables operation */
U [5]Can be set in conversion mode 2 or 3 */
P

ll']:100:[1]VREFOUT (voltage reference output) */

N [2]Stops operation (pull-down output) */
aliiy [3]2.5 V*/

allIN [4]Stops operation */

T 51 -/

|||t

Mll']:101:[1]VREFOUT (voltage reference output) */

Ml [2]Enables operation */

llIN [3]12.5V */

Al [4]Enables operation */

Al [5]Can be set in conversion mode 2 or 3 */
11|t

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

N [2]Stops operation (pull-down output) */
llIN [3]2.0V */

Al [4]Enables operation */

T [51-*/

P

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

I [2]Enables operation */

Al [38120V*/

N [4]Enables operation */

U [5]Can be set in conversion mode 2 or 3 */
11| it

/|l | : Other than the above : Setting prohibited */
FET7

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

%

[*mmmmmme : 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 */
ADPC = 0b00000000; /* A/D Port Configuration Register */

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

ANI15/AVREFM/P157 */
ANI10/P152 - ANI8/AMP2+/P150 */

K || || +-+-+-+-+-+-+-+--- ANIZ/AMP20/P27 - ANIO/AMPO-/P20 */
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/*

392

/*|l:00000:AAAAAAAAAAAAY
/*l:00001:AAAAAAAAAAADY
/*|l:00010:AAAAAAAAAADDY
/*||:00011:AAAAAAAAADDDY
/*|l:00100:AAAAAAAADDDDY
/*l|]l]:00101:AAAAAAADDDDD?¥
/*Il:00110:AAAAAADDDDDD?Y
/"||:00111:AAAAADDDDDDD?¥
/*|l:01000:AAAADDDDDDDD Y
/*|l]:01001:AAADDDDDDDDD?¥
/*ll:01010:AADDDDDDDDDD ¥
/||]:01111:ADDDDDDDDDDD*
/*ll:10000:DDDDDDDDDDDD ¥
||l

[ mmnmee- : Be sure to set 000 */

/* wait for settling time to 17msec */

fn_Wait500usBase(17000/500); */

I */

/* Initialization of operational amplifier */

r* */
PM2.1 =1;
PM2.0 = 1;
PM2.2 = 1;

PM2.4 = 1;
PM2.3 = 1;
PM2.5 = 1;

PM2.7 =1;
PM2.6 = 1;
PM15.0 = 1;

PM11.0 = 1;

ADCEN = 1;
OAC.0=1;
OAC.1=0;
OAC.2 =0;

r* */

/* Initialization of D/A converter

/* input port mode (AMPOO) */
/* input port mode (AMPO-) */
/* input port mode (AMPO+) */

/* input port mode (AMP10) */
/* input port mode (AMP1-) */
/* input port mode (AMP1+) */

/* input port mode (AMP20) */
/* input port mode (AMP2-) */

/* input port mode (AMP2+) */

/* input port mode (ANQOO) */

/* supplies input clock to OPAmp A/D converter */
/* operational amplifier (AMPOQ) enable */
/* operational amplifier (AMP1) disable */
/* operational amplifier (AMP2) disable */

*/
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r* */
DACEN = 1; /* supplies input clock to D/A converter */
/* set D/A chanell */
DAM.1 = 0; /* [DAMD1] D/A converter operation is Normal
mode */
DAM.3 = 1; /* [DARES1]D/A conversion resolution is 12-bit */
DACSW1 = 2048; /* D/A conversion value setting reigster 1 */
/* ANO1 = 1.5V (1/2 * 2M12) %/
}
/* */
/* Module: main
*/
/* Description: Main process
*/
A parameter: --
*/
I return = --
*/
r* */

void main(void)
{

unsigned short

ushCount; /* Pulse counter */

DACE1 =1; /* D/A converter CH1 enable */

ushCount = 0;

r* */

r* */

/ Main Loop */

/* */

r* */

r* */

/* if system have nothing to do, go to standby for power-saving */

r* */

while (1){
TSOL.6 = 1; /* start TAUO CH6 (pulse counter) */
TSOL.4 = 1; /* start TAUO CH4 (interval timer) */
TMIFO04 = 0; /* clear interval timer request */
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while(TMIF04 == 0){ /* wait interval */
NOP();
}
ushCount = TCRO06; /* get pulse count */
TTOL.6 =1; /* stop TAUO CH6 (pulse counter)*/
TTOL.4 =1; /* stop TAUO CH4 (interval timer) */
ushCount = 0xffff - ushCount; /* get pulse count */
fn_Display(ushCount); /* display pulse count */

e display.c

I
* 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
* */
/* Include files
*/
* */

[*#include "defines.h"*/

#include<string.h>
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r* */

/* Function prototyps
*/

r* */

void fn_DisplayAliClear(void); /* Display all clear */
extern void fn_Wait500usBase(unsigned short); /* Delays the program (500us base) */
/* */

/* Extern variables/constants

*/
* */
r* */

/* Local constants

*/
r* */

/* size of area for displaying */

#define CLCDSIZE_ALL (unsigned char)(&SEG53 - &SEG4 + 1)  /* all area */
[*#define CLCDSIZE_NUMBER 4 /* number */
#define CLCDSIZE_NUMBER 5 /* number */

/* Display starting position */

#define CLCDPOS_START &SEG4 /* start of all area */

[*#define CLCDPOS_O &SEG5 /* tenths place of O */
[*#define CLCDPOS_O &SEG10 /* ones place of O */
[*#define CLCDPOS_0O &SEG18 /* tenths place of O */
[*#define CLCDPOS_O &SEG23 /* ones place of O */
[*#define CLCDPOS_O &SEG31 /* tenths place of O */
[*#define CLCDPOS_O &SEG36 /* ones place of O */
[*#define CLCDPOS_O &SEG44 /* tenths place of O */
[*#define CLCDPOS_O &SEG49 /* ones place of O */
[*#define CLCDPOS_REF &SEG5  /* sign of REF */
[*#define CLCDPOS_REF100 &SEG12 /* hundreds place of REF */
[*#define CLCDPOS_REF10 &SEG17 /*tenths place of REF */
[*#define CLCDPOS_REF1 &SEG22 /* ones place of REF */

[*#define CLCDPOS_TH &SEG32 /* sign of TH */
[*#define CLCDPOS_TH100 &SEG39 /* hundreds place of TH */
[*#define CLCDPOS_TH10 &SEG44 /* tenths place of TH */

[*#define CLCDPOS_TH1 &SEG49 /* ones place of TH */
#define CLCDPOS_REF1000 &SEG5 /* thousands place of REF */

#define CLCDPOS_REF100 &SEG10 /* hundreds place of REF */
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#define CLCDPOS_REF10 &SEG15
#define CLCDPOS_REF1  &SEG20
#define CLCDPOS_1000  &SEG34
#define CLCDPOS_100

#define CLCDPOS_10

#define CLCDPOS_1

/* Display data */
/*

/* tenths place of REF */

/* ones place of REF */

/* thousands place of TH */

&SEG39 /* hundreds place of TH */
&SEG44 /* tenths place of TH */
&SEG49 /* ones place of TH */

< LCD PANEL >

SEG4 SEG5 SEG6

SEG53

COMO | | | |

COMT1 | | | |

COM2 | | | |

COM3 | | | |

COM4 | | | |

COMS | | | |

COMS6 | | | |

COM?7 | | | |

< example of the data setting >

SEG7 SEG8 = SEG49 SEG50 SEG51

1l
1]
1l
4
4
+
4
4
4

1l
1]
1l
4
4
+
4
4
4

1l
1]
1l
4
4
+
4
4
4

when you display "A" at area from SEG4 to SEG8

bito| | |

bitt |y

' ! ! ' ! !
- - - -+ - -

b2 | | Wi

' ' ' ' ' '
- -+ - -+ -+ -

396

<- Blank area is 0.

Not blank area is 1.
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bit3 | || )

bitd [T

' ! 1 ' ! !
- - - -+ - -

bits ||| )
bite || | | )
bit7 | | | | | |

0x7C 0x12 O0x11 0x12 0x7C

Lt
SEG4<—+ | | | |

/* ________________________ */
/* Number indication */
/* ________________________ */

static const unsigned char aDispNumber[J[CLCDSIZE_NUMBER] = {
/* COM 76543210 */

{0b01111100 /*'0'

,0b10000010

,0b10000010

,0b01111100

,0b00000000}

/* COM 76543210 */
, {0b00000100 VAl i
,0b00000100
,0b11111110
,0b00000000
,0b00000000}

/* COM 76543210 */

, {0b11000100 F2v
,0b10100010
,0b10010010
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,0b10001100
,0b00000000}

/* COM 76543210 */
, {0b01000100 '3
,0b10010010
,0b10010010
,0b01101100
,0b00000000}

/* COM 76543210 */
, {0b01111000 A i
,0b01000100
,0b11111110
,0b01000000
,0b00000000}

/* COM 76543210 */
, {0b01001110 /*'5"*
,0b10001010
,0b10001010
,0b01110010
,0b00000000}

/* COM 76543210 */
, {0b01111100 e/
,0b10010010
,0b10010010
,0b01100000
,0b00000000}

/* COM 76543210 */
, {0b00000010 7
,0b11100010
,0b00011010
,0b00000110
,0b00000000}

/* COM 76543210 */

, {0b01101100 /*'8'*/
,0b10010010
,0b10010010
,0b01101100
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,0b00000000}

/* COM 76543210 */

, {0b00001100 *'9'
,0b10010010
,0b01010010
,0b00111100
,0b00000000}
I8
R *
/* sign of Ref */
P e *

static const unsigned char aDispRef[] = {

/* COM 76543210 */

0b11111110 "R/
,0000010010
,0000110010
,0b01010010
,0b10001100
I8
R *
/* sign of Th */
R *
static const unsigned char aDispTh[] = {
0b00000010 Tl
,0b00000010
,0b11111110
,0b00000010
,0b00000010
I8
R *
A Button frame */
R *

static const unsigned char aDispButtonFrame[] = {
/* COM 76543210 */
0b00000000
,0b01111111 o
,0b01001001
,0b01001001
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400

,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01111111
,0b00000000
,0b01111111
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01111111
,0b00000000
,0b01111111
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01111111
,0b00000000
,0b01111111
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001

o

o

o
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,0b01111111
,0b00000000
,0b00000000

static const unsigned char aDispClear(] = {

/* COM 76543210 */
0b00000000 TR
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 TR
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 T
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 T
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 A
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 TR
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 TR
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 TR
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,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000

/*

*/

/* Global variables

/*

*/
*/

/*boolean

/*boolean

/*

bDispUpdate; /* Display update request */

bBlinkOn; /* Blink status (0:LCD OFF, 1:LCD ON) */

*/

/* Local variables

/*

*/
*/

/*

*/

/* Code

*/

/*

*/

N
N
N
N

Common function

*/
*/
*/

/*

/*
/* Module:

/* Description:

*/
fn_Displaylnit
*/

Initialization of Display module

r* parameter: --

402
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I/ return -
*/
/* */
void fn_DisplayInit(void)
{
r* */
/* Initialization of LCD controler/driver */
/* */
LCDMD = 0b00010000; /* LCD Mode Register */
[*++||++++--- : Be sure to set 000000 */
A [
[ - : LCD drive voltage generator selection */
/¥ :00: External resistance division method */
/* 01 : Internal voltage boosting method */
/* 10 : Capacitance split method */
/¥ :11: Setting prohibited */
SEGEN = 0b00011111; /* Segment Enable Register */
||I|l||+--- : Control segment signal output from pins SEG8-SEG11 */
|I|||+---- : Control segment signal output from pins SEG12-SEG15 */
|||+ : Control segment signal output from pins SEG16-SEG19 */
F[|]+===--- : Control segment signal output from pins SEG20-SEG23 */
/|| 4------- : Control segment signal output from pins SEG24-SEG26 */
/*|| : 0 : segment signal output disable */
/*|| : 1 : segment signal output enable */
||
[ mmnmee- : Be sure to set 000 */
PFALL = 0Ob0O1111111; /* Port Function Register ALL */
IlI||+--- : Pins P50-P53 port/segment output specification */
||I|[l+---- : Pins P54-P57 port/segment output specification */
||+ : Pins P90-P93 port/segment output specification */
I +--=--- : Pins P94-P97 port/segment output specification */
I*||4------- : Pins P100-P102 port/segment output specification */
PAl | R : Pins P140-P143 port/segment output specification */
[*|4=mmmmeen : Pins P144-P147 port/segment output specification */
/*| : 0 : Used the pins as port (other than segment output) */
/*| : 1 : Used the pins as segment output */
|+
J :Be suretoset0*/
ISC = 0b00000000; /* Input Switch Control Register */
III|+--- : Switching external interrupt (INTPO) input */
I = 0 : Uses the input signal of the INTPO pin as an external interrupt (normal
operation). */
Il = 1 : Uses the input signal of the RXD3 pin as an external interrupt */
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*/

*/

404

fn_DisplayAliClear();

NN (to measure the pulse widths of the sync break field and sync field). */
T 111111
|I|l||+---- : ISC1 Switching channel 7 input of timer array unit TAUS */

Il : 0 : Uses the input signal of the TI0O7 pin as a timer input (normal operation).
Il = 1 = Input signal of RXD3 pin is used as timer input (wakeup signal detection).
111110t

|||+ : RxD3/SEG53/P50 pin schmitt-triggered buffer control */
/|ll| : O : Disables input */

||| : 1 : Enables input */

P

I|||+------ : TI02/SEG51/P52 pin schmitt-triggered buffer control */
/*|l| : O : Disables input */

/*|l| - 1 : Enables input */

|1l

/|| 4------- : TIO4/SEG50/P53 pin schmitt-triggered buffer control */
/*||| : O : Disables input */

/|| : 1 : Enables input */

||l

[* 4 mmmmnnee : Be sure to set 000 */

/* clear all LCD String area */

LCDCO = 0b00110011; /* LCD Clock Control Register */

VLCD = 0x0A;

/*|||||+++--- : LCD clock (LCDCL) selection */
Il : 000 : fLCD/2M */

Il : 001 :fLCD/2A5 */

Il : 010:fLCD/276 */

011 :fLCD/2A7 */

Il =1 00:fLCD/278 */

FIIl =101 :fLCD/2r9 ¥/

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

1111t

[+ ||+ : Be sure to set 000 */

A [

[* - : LCD source clock (fLCD) selection */

/*:00:fSUB*/

/*:01: fCLK/276 */
/*:10:fCLK/2A7 */
/*:11:fCLK/2/8 */

/* set LCD boost level to 5V */
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/* wait for the reference voltage setup time (2ms(min.)) */

fn_Wait500usBase(2000/500);

LCDM = 0b00100111; /* LCD Display Mode Register */
/*|||||+++--- : LCD controller/driver display mode selection */
Il *When the external resistance division method is used */
Il :0 00 : Four-time-slice mode & 1/3 bias method */
Il :001: Three-time-slice mode & 1/3 bias method */
Ml =01 0: Two-time-slice mode & 1/2 bias method */
Il :011:Three-time-slice mode & 1/2 bias method */
Il :100: Static */

Il :1 11 : Eight-time-slice mode & 1/4 bias method */
1111t

Ml *When the internal voltage boosting method is used */
Il :00 0 : Four-time-slice mode & 1/3 bias method */
Il :001:Three-time-slice mode & 1/3 bias method */
Il :010: Four-time-slice mode & 1/3 bias method */
Il :011: Four-time-slice mode & 1/3 bias method */
Il :100: Setting prohibited */

Ml 111 : Eight-time-slice mode & 1/4 bias method */
1111

Il *When the capacitor split method is used */

|lIl :0 00 : Four-time-slice mode & 1/3 bias method */
Il :001: Three-time-slice mode & 1/3 bias method */
Il :010: Four-time-slice mode & 1/3 bias method */
Il :011: Four-time-slice mode & 1/3 bias method */
Il :1 00 : Setting prohibited */

Ml =111 : Four-time-slice mode & 1/3 bias method */
P

|lll : Other than above : Setting prohibited

1111

[H| |4+ : LCD display data area control */

/*||| : 0 0 : Display the data of an A pattern area */

Al (lower 4 bits of LCD display data memory) */

/*||| : 0 1 : Display the data of an A pattern area */

Al (higher 4 bits of LCD display data memory) */

/*||| - 1 0 : Display the data of an A pattern area and the B pattern area in turn. */
Al (The on and off light indication which synchronized */

Al in a constant-period interrupt timing of RTC) */

/*||| : 1 1 : Display the data of an A pattern area and the B pattern area in turn. */

Al (The on and off light indication which synchronized */
Al in a constant-period interrupt timing of RTC) */
Tl
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L[+ : Voltage boost circuit and capacitor split circuit operation enable/disable
*/
/*]| : 0 : Stops voltage boost circuit and capacitor split circuit operation */
/*|| - 1 : Enables voltage boost circuit and capacitor split circuit operation */
7|
[*mmnmnnan : LCD display enable/disable */
/*:0 0 : Output ground level to segment/common pin */
/*:01: Display off (all segment outputs are deselected.) */
/*:1 0 : Output ground level to segment/common pin */
/*:11: Display on */
/* software to wait for the operation stabilization time (over 500ms) */
fn_Wait500usBase(500000/500);
SCOC = 1; /* output deselect level to SEG and LCD waveform to COM */
LCDON = 1; /* display on */
r* */
I Initialization of variables */
/* */
/* bDispUpdate = 1; /* initialize display update request flag */
/* bBlinkOn = 0; /* initialize blink on flag */
A ushOpeningMessage = 0; /* initialize opening message counter */
}
/* */
/* Module: fn_LcdWrite
*/
/* Description: Write data to LCD RAM
*/
/[ parameter: position in whitch display begins */
/* address of display data
*/
I size of display data
*/
A return -
*/
/* */

static void fn_LcdWrite(unsigned char *Position, unsigned char *DataAddr, unsigned char DataSize)

{
memcpy(Position, DataAddr, DataSize);
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/* */
/* Module: fn_DisplayAllClear
*/
/* Description: LCD RAM all clear
*/
/ parameter: --
*/
I return = --
*/
/* */

void fn_DisplayAllClear(void)

{
fn_LcdWrite(CLCDPOS_START, aDispClear, CLCDSIZE_ALL);

r* */
/* Module: fn_Display
*/

/* Description: Display count to LCD */
/* parameter: Count data(Hex)

*/
/ return -

*/

* */

void fn_Display(unsigned short ushCount)

{

unsigned short ushNumber; /* number work for display */
/* space */
/ fn_LcdWrite(CLCDPOS_START, aDispClear, (unsigned char)(CLCDPOS_REF - CLCDPOS_START));
*/
fn_LcdWrite(CLCDPOS_START, aDispClear, (unsigned char)(CLCDPOS_1000 - CLCDPOS_START));
/ /
/* display Count data */
/ /
/* display sign of TH */
/* fn_LcdWrite(CLCDPOS_TH, aDispTh, sizeof aDispTh);
*/
/* space */
/* fn_LcdWrite((CLCDPOS_TH100 - 2), aDispClear, 2);
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*/

/*
*/

/*
*/

J*
*/

/*
*/

408

/* display thousands place of Count */

fn_LcdWrite (CLCDPOS_1000,
aDispNumber[(unsigned char)(ushCount / 1000)],
CLCDSIZE_NUMBERY);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_TH100 - 1), aDispClear, 1);

/* display hundreds place of TH */

ushCount %= 1000;

fn_LcdWrite (CLCDPOS_100,
aDispNumber[(unsigned char)(ushCount / 100)],
CLCDSIZE_NUMBER);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_TH10 - 1), aDispClear, 1);

/* display tenths place of TH */

ushCount %= 100;

fn_LcdWrite (CLCDPOS_10,
aDispNumber[(unsigned char)(ushCount / 10)],
CLCDSIZE_NUMBER);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_THT1 - 1), aDispClear, 1);

/* display ones place of TH */

fn_LcdWrite (CLCDPOS_1,
aDispNumber[(unsigned char)(ushCount % 10)],
CLCDSIZE_NUMBERY);

/* space */

fn_LcdWrite((CLCDPOS_TH1 + CLCDSIZE_NUMBER), aDispClear, 1);
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(10)CROOOO2

e main.c

/*
* 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

*/

/* */
#pragma SFR
#pragma DI
#pragma El
#pragma HALT
#pragma NOP

/* #pragma interrupt INTDMAO fn_intdma0 RB1 */

r* */
/* Include files
*/
/* */
/* TAU:TDROnN value operation by CK00 (fCLK/2A3 = 5MHz) */
#define CCKO0_500USEC (2500 - 1) /* 500us (0.2[us/clk] * 2500[count]) */
/* */
/* Function prototyps
*/
/* */
void fn_Wait500usBase(unsigned short); /* Delays the program for (Time * 500us)
void fn_InitPort(void); /* Setting of 1/0
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ports */

void
array unit 0 */

void

Low-voltage detectior */

fn_InitTauO(void);

fn_InitLvi(void);

/* Setting of Timer

/ Setting of

void fn_InitVr(void); /* Setting of
Voltage reference */
void fn_AdcDaclnit(void); /* Setting of D/A converter */
extern void fn_DisplayInit(void); /* Setting of LCD driver */
extern void fn_Display(unsigned short ushRef, unsigned short ushTh); /* LCD display */
* */
/* Extern variables/constants
*/

* */
r* */
/* Local constants

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

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

*/
r* */

static  short shVoltage;/* voltage (Hex) */

static  unsigned char

static  unsigned short
static  unsigned short
static  unsigned short

static  unsigned short

ucMeasureStatus;

ushR_REFT1;
ushR_REF2;
ushR_TH1;
ushR_TH2;

/* measuring status */

/*R_REF at 1V */
/* R_REF at 2V */
/*R_THat 1V ™/
/*R_THat2v ™/

/* */
/* Code

*/
r* */

410
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/* */
/* Hardware initialization
*/
r* */
void hdwinit(void)
{
DI(); /* disable all interrupts */
/* */
r* Initialization of port */
r* */
fn_InitPort();
/* */
/ Initialization of clock */
r* */
CMC= 0b01010011; /* Clock Operation Mode Control Register */

||IIll|+--- : Control of high-speed system clock oscillation frequency */
NI = 022 MHz <= fMX <= 10 MHz */

I 1 10 MHz < fMX <= 20 MHz */

7

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

/|I|| : 0 0 : Low-consumption oscillation */

/||l : 0 1 : Normal oscillation */

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

Ml x =don't care */

1111

F|]]+=----- : Be sure to set 0 */

P

/|| 4------- : [1] Subsystem clock pin operation mode */
Pl [2] XT1/P123 pin and XT2/P124 pin */
/|| : 0 : [1]input port mode */

Al [2]Input port */

|t

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

Al [2]Crystal resonator connection */

P

PAl | PR : Be sure to set 0 */

s

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

I [3]X2/EXCLK/P122 pin */

/*:00 : [1]Input port mode */
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I* [2][3]Input port */
/¥
/*:01 :[1]X1 oscillation mode */

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

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

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

=

/* 11 :[1]External clock input mode */

/ [2]Input port */
/ [3]External clock input */
MSTOP = 0; /* X1 oscillator operating */
XTSTOP = 0; /* XT1 oscillator operating */
OSMC = 0b00000001; /* Operation Speed Mode Control Register */

|I|||++--- : fCLK frequency selection */

/||llll : 0 0 : Operates at a frequency of 10 MHz or less. */
Il : 0 1 : Operates at a frequency higher than 10 MHz. */
Il : 1 0 : Operates at a frequency of 1 MHz. */

111/

[+ : Be sure to set 00000 */

7%/

[*mmmmnmmee- : 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) */
/ 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. */
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. */

r* */

NOP();

NOP();

CKC =  0b00010000; /* System Clock Control Register */
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/*|+|+++++--- : Selection of CPU/peripheral hardware clock (fCLK) */
/|]:00x000:flH*

/*|1:00x00 1 :flH/2 (default) */
F1:00x010:fIH2/2 %/
F1]1:00x011:flH2A3 %/
F1]:00x100:flH/2r */

F1]1:00x 101 :fIH/27 */
F1:01x000:fMX */
1:01x001:fMX/2*/
/1]1:01x010:fMX/2/2 ¥/
P1]1:01x011:fMX/273 %/
F11:01x100: fMX/274 */
F1]1:01x101: fMX/275 */

M :1x0xxx:fSUB*/

M1 x 1 xxx:fSUB/2 ¥/

/*| | : Other than above : Setting prohibited */
/*|| x=don't care */

)

[¥mmmmnmeee- : 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 */
/|l]l : 000 : 2/8/fX */

001 :279/X */

Il :010:2M0/MX ¥/

P01 1 284X Y

Ml :100:2M3/X ¥/

Ml =101 :2M5/X */

Ml :110:2M7/4X*/

P11 1 2M8/48X Y
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---- : Be sure to set 000000 */

*/

Tl
[+
/*
/* Initialization of timer
/*

*/
*/

fn_InitTau0();

/* software to wait for the operation stabilization time */

/* (over 200ms from when XT1 enable) */
fn_Wait500usBase(200000/500);

/*

*/

/* Initialization of low-voltage detector */

/* */

fn_InitLvi();

r* */

/* Initialization of A/D,D/A,OPAmMp */

/* */

fn_AdcDaclnit();

r* */

/* Initialization of LCD */

r* */

fn_Displaylnit();

El(); /* enable all interrupts */
}
/* */
/* Module: fn_InitPort

*/
/* Description: Setting of 1/0O ports */
/* parameter: --
*/
I return = --
*/

r* */
void fn_InitPort(void)
{

414
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/*
/*
/*

/*

*/

Ports configuration for digital input and output */

*/

ADPC = 0b00010000;

/*|||+++++--- : Analog input (A)/digital I/O (D) switching */
+ ANI15/AVREFM/P157 */
| +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */

allE
alle
Alle

i

/* A/D Port Configuration Register */

||| | +-+-+-+-t-t-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */
Fl:00000:AAAAAAAAAAAA®Y
Fl:00001:AAAAAAAAAAAD?Y
Fl:00010:AAAAAAAAAADDY
FIl:00011:AAAAAAAAADDD?"
FIl:00100:AAAAAAAADDDD?Y
/Il:00101:AAAAAAADDDDD
/Il:00110:AAAAAADDDDDD?Y
/Il:00111:AAAAADDDDDDD?*
/l:01000:AAAADDDDDDDD*
/Il:01001:AAADDDDDDDDD?Y
/Il:01010:AADDDDDDDDDD?*
/ll:01111:ADDDDDDDDDDD?Y
/l:10000:DDDDDDDDDDDDY

------ : Be sure to set 000 */

*/

/*

/*

Setting of Port 0
*/

*/

PO = 0b00000000;
PMO=  0b11111000;

/* Set PO0-P02 Output latch to Low */
/* Set PO0-P0O2 to output port */
/* P00-P02:Unused */

/*
/*

/*

Setting of Port 1
*/

*/

*/

/*

P1= 0b00000000;
PM1 = 0b00000000;

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

*/

/*

Setting of Port 2
*/
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/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

416

*/

P2 =
PM2 =

0b00000000;
Ob11111111;

/* Set P20-P27 Output latch to Low */
/* Set P20-P27 to input port */
/* P20-P27:Unused */

Setting of Port 3

*/

*/

*/

P3 =

PM3 =

0b00001100;

Ob11110000;

/* Set P30-P31,P34 Output latch to Low */

/* Set P33,P32 Output latch High */

/* Set P30-P33 to output port */

/* Set P34(TI06) to input port */

/* P30-P33:Unused */

*/

Setting of Port 4

*/

P4 =
PM4 =

0b00000000;
Ob11111100;

*/

/* Set P40-P41 Output latch to Low */

/* Set P40-P41 to output port */

/* P40-P41:Unused */

*/

Setting of Port 5

*/

*/

P5 =
PM5 =

0b00000000;
Ob11110000;

/* Set P50-P57 Output latch to Low */
/* Set P50-P57 to output port */
/* P50-P57:Unused */

Setting of Port 6

*/

*/

*/

P6 =
PM6 =

0b00000000;
Ob11111100;

/* Set P60-P61 Output latch to Low */
/* Set P60-P61 to output port */
/* P60-P61:Unused */

*/

Setting of Port 7

*/

*/

00oooooooooono U20228JJ1V0AN



OOA ODOOODODOODOO

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

/*
/*

/*

P7 = 0b00000000;
PM7 = 0b00000000;

/* Set P70-P77 Output latch to Low */
/* Set P70-P77 to output port */
/* P70-P77:Unused */

*/

Setting of Port 8
*/

P8 = 0b00000000;
PM8 = 0b00000000;

*/

/* Set P80-P88 Output latch to Low */

/* Set P80-P88 to output port */

/* P80-P88:Unused */

*/

Setting of Port 9
*/

*/

P9 = 0b00000000;
PM9 = 0b00000000;

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

*/

Setting of Port 10
*/

*/

P10 = 0b00000000;
PM10= 0b11111000;

/* Set P100-P102 Output latch to Low */
/* Set P100-P102 to output port */

/* P100-P102:Unused */

*/

Setting of Port 11
*/

P11 = 0b00000000;
PM11 = 0b11111100;

*/
/* Set P110-P111 Output latch to Low */
/* Set P110-P111 to output port */

/* P110-P111:Unused */

*/

Setting of Port 12
*/

*/

P12 = 0b00000000;
PM12=O0b11111111;

/* Set P120 Output latch to Low */
/* Set P120 to output port */

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

/* */
/* Setting of Port 13
*/
r* */
P13 = 0b00000000; /* Set P130 Output latch to Low */
/* P130:Unused */
/* */
A Setting of Port 14
*/
* */
P14 = 0b00000000; /* Set P140-P147 Output latch to Low */
PM14 = 0b0000000O; /* Set P140-P147 to output port */
/* P140-P147:Unused */
r* */
/ Setting of Port 15
*/
/* */
P15 = 0b00000000; /* Set P150-P152,P157 Output latch to Low */
PM15= 0b11111111; /* Set P150-P152,P157 to input port */
/* P150-P152,P157:Unused */
}
* */
/* Module: fn_InitTau0
*/
/* Description: Setting of Timer array unit O */
I parameter: --
*/
/ return @ --
*/
* */
void fn_InitTauO(void)

418

TAUOEN = 1;
TPSOL = 0b00000010;

/* supplies input clock to timer array unit 0 */

/* Timer Clock Select Register 0 */

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

[*++++

------- : Selection of operation clock (CKO1) */

/*:0000: CKOm = fCLK */
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*/

*/

/* CH1:for wait */

/*:0001: CKOm = fCLK/2 */
/*:0010:CKOm = fCLK/2/2 */
/*:0011: CKOm = fCLK/2~3 */
/*:0100: CKOm = fCLK/2"4 */
/*:0101:CKOm = fCLK/275 */
/*:0110: CKOm = fCLK/276 */
/*:0111:CKOm = fCLK/2A7 */
/*:1000 : CKOm = fCLK/278 */
/*:100 1 : CKOm = fCLK/29 */
/*:1010:CKOm = fCLK/2A10 */
/*:1011:CKOm = fCLK/2AM1 */
/*:1100: CKOm = fCLK/2AM2 */
/*:1101:CKOm = fCLK/2M3 */
/*:1110:CKOm = fCLK/2A14 */
/*:1111:CKOm = fCLK/2AM 5 */

/ m=0,1%
TMRO1 = 0b0000000000000000; /* Timer Mode Register 01 */
HNIN++++--- : [1]Operation mode of channel 1 */
NN [2]Count operation of TCR */
ZNNHITIN [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
NI = 000 0 : [1]Interval timer mode */
I [2]Counting down */
T [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINIIN (timer output does not change, either). */
ZINIE=7
NN : 000 1 : [1]Interval timer mode */
NN [2]Counting down */
I [3]Possible */
ZHINNNN [4]Timer interrupt is generated when counting is started */
ZANITT (timer output also changes). */
ZIINIE7
SN = 0100 : [1]Capture mode */
T [2]Counting up */
I [3]Possible */
ZHINNNN [4]Timer interrupt is not generated when counting is started
NN (timer output does not change, either). */
ZITNIE=7
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*/

*/

valid edge */

register). */

420

ZNINNT: 0 10 1 : [1]Capture mode */

T [2]Counting up */

T [3]Possible */

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

ZIINIE7

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

ZHINNNN [2]Counting down */

T [3]Possible */

ZHINNNN [4]Timer interrupt is not generated when counting is started
ZNINNIIN (timer output does not change, either). */

I =

NN : 1000 : [1]One-count mode */

ZHINNNN [2]Counting down */

T [3limpossible */

ZNININ [4]Start trigger is invalid during counting operation. */
ZNINIIN At that time, interrupt is not generated, either. */
=

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

NN [2]Counting down */

T [3limpossible */

NN [4]Start trigger is valid during counting operation. */

ZHINNNN At that time, interrupt is also generated. */

=

ZNINNT =1 100 : [1]Capture & one-count mode */

I [2]Counting up */

T [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

NN Start trigger is invalid during counting operation. */
NN At that time interrupt is not generated, either. */
=

NN = Other than above : Setting prohibited */

ZIINE=7

I S : Be sure to set 00 */

111111117

P +=mmmemee : Selection of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1
NN (the timer input used with channel 1 is selected by using TISO
I : 00 : Falling edge */
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unselected). */

NI :0 1 : Rising edge */

NI = 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 */

111111

1l e : Setting of start trigger or capture trigger of channel 1 */

Il - 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 01 : Valid edge of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

/|lll : 0 1 0 : Both the edges of TIO1 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

*/

*/

/*|IIl] : Other than above : Setting prohibited */

P

[*||||4--m=mmmm e : Selection of slave/master of channel 1 */

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

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

||

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

/*|| : 0 : Operation clock MCK specified by CKS01 bit */

/*|| : 1 : Valid edge of input signal input from TI01 pin, fSUB/2, fSUB/4, or INTRTC1

Al (the timer input used with channel 1 is selected by using TISO register).
||l

[*|4mmmmmmmme e : Be sure to set 00 */

7%/

A : Selection of operation clock (MCK) of channel 1 */

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

TDRO1 = CCK00_500USEC; /* set interval time to 500us */

TMMKO1 = 1;

/* CHé:for TI06 */

/* disable interrupt */

TMRO06 = 0b1000000101000100; /* Timer Mode Register 06 */
NI |++++--- : [1]Operation mode of channel 6 */
NN [2]Count operation of TCR */
ZNININ [3]Independent operation */
NN [4]Setting of starting counting and interrupt */
ZINNNI = 000 0 : [1]Interval timer mode */
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*/

*/

*/

422

i
it
~mm

i
i
it
~mm
it
~m
i
i
it
i
it
i

i
i
i
~mm
it
i
Zmm
i
i
it
i
T

i
i
i
i
I
ZNm
Z
i
it
i
ZNm
Iy
I

[2]Counting down */
[3]Possible */

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

(timer output does not change, either). */
*/
1000 1:[1]Interval timer mode */
[2]Counting down */
[3]Possible */
[4]Timer interrupt is generated when counting is started */
(timer output also changes). */
*/
:0100:[1]Capture mode */
[2]Counting up */
[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). */
*/
:0110:[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. */
*/
:1001:[1]One-count mode */
[2]Counting down */
[3]Impossible */
[4]Start trigger is valid during counting operation. */

At that time, interrupt is also generated. */
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*/

valid edge */

register). */

unselected). */

V11111111111

NN 1100 :[1]Capture & one-count mode */

A [2]Counting up */

Y [3]Possible */

ZNINIIN [4]Timer interrupt is not generated when counting is started
ZHINNNN (timer output does not change, either). */

I Start trigger is invalid during counting operation. */
I At that time interrupt is not generated, either. */
V1111111111

NN = Other than above : Setting prohibited */

ZIINIE=7

T : Be sure to set 00 */

v 111111111

P ===mmmee : Selection of TIO6 pin input signal, fSUB/2, fSUB/4, or INTRTC1
I (the timer input used with channel 4 is selected by using TISO
NI : 00 : Falling edge */

NI :0 1 : Rising edge */

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

AlITTII: Start trigger: Falling edge, Capture trigger: Rising edge */

NI =1 1 : Both edges (when high-level width is measured) */

ZAI Start trigger: Rising edge, Capture trigger: Falling edge */

v 11111112

P[] 4=mmmmmmmee : Setting of start trigger or capture trigger of channel 6 */

Il : 0 0 0 : Only software trigger start is valid (other trigger sources are

Il : 0 0 1: Valid edge of TI06 pin input signal, fSUB/2, {SUB/4, or INTRTC1 is

used as both the start trigger and capture trigger. */

Il - 0 1 0 : Both the edges of TI06 pin input signal, fSUB/2, fSUB/4, or INTRTC1

are used as a start trigger and a capture trigger. */

Il : 1 0 0 : Interrupt signal of the master channel is used (when the channel is

used as a slave channel with the combination operation function). */

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

P

[¥|||A==mmmmmmmm- : Selection of slave/master of channel 6 */

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

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

||l

[*||[+-==mmmmm e : Selection of count clock (TCLK) of channel 0 */

/*|| : 0 : Operation clock MCK specified by CKS04 bit */

/||| : 1 : Valid edge of input signal input from TI04 pin, fSUB/2, fSUB/4, or INTRTC1
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*/
Al (the timer input used with channel 4 is selected by using TISO register).
*/
||t
e : Be sure to set 00 */
7%/
[*pmmmmmmmm e : Selection of operation clock (MCK) of channel 4 */
/*: 0 : Operation clock CKOO set by TPSO register */
/*: 1 : Operation clock CKO1 set by TPSO register */
TMMKO6 = 1; /* disable interrupt */
}
/* */
/* Module: fn_InitLvi
*/
/* Description: Setting of Low-voltage detectior */
A parameter: --
*/
I return = --
*/
r* */
void fn_InitLvi(void)
{
unsigned short loop; /* waiting counter */
LVIMK = 1; /* disable LVI interrupt */
LVIS=  0b00001001; /* Low-Voltage Detection Level Select Register */

/*||||++++--- : Detection level */
/Il 0000 : VLVIO (4.22V) */
M|ll:0001:VLVI1 (4.07V) */
|l :0010:VLVI2 (3.92V) */
Fll:0011:VLVI3 (3.76V) ¥/
|ll:0100:VLVI4 (3.61V) */
|l 0101 :VLVI5 (3.45V) */
Il :0110:VLVI6 (3.30V) */
Ml :0111:VLVI7 (3.15V) */
M|l 1000 :VLVI8 (2.99V) */
Fll:1001:VLVIO (2.84V) ¥/
|l :1010:VLVI0 (2.68V) */
Ml :1011:VLVIH1 (2.53V) ¥/
Zll:1100:VLVIH2 (2.38V) */
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LVIM =

*/

*/

VEXLVI) */

VEXLVI). */

VEXLVI ¥/

*/

MAIl:1101:VLVI13 (2.22V) */
Zl:1110:VLVI4 (2.07V) */
M1 111: VLV (1.91V) ¥/

|l
[ +ttt-mmme- : Be sure to set 0000 */
0b10000000; /* Low-Voltage Detection Register */

IIIl|+--- : LVIF Low-voltage detection flag */
I = 0:* LVISEL = 0: VDD >= VLVI, or when LVI operation is disabled */

N * LVISEL = 1: EXLVI >= VEXLVI, or when LVI operation is disabled */
N1 :* LVISEL = 0: VDD < VLVI ¥/

NN * LVISEL = 1: EXLVI < VEXLVI */

111111

/|I|||+---- : Low-voltage detection operation mode (interrupt/reset) selection(LVIMD)

Il : 0 : * LVISEL = 0: Generates an internal interrupt signal */

NN when VDD drops lower than VLVI (VDD < VLVI) */
NN or when VDD becomes VLVI or higher (VDD >= VLVI).
NN * LVISEL = 1: Generates an interrupt signal */

NN when EXLVI drops lower than VEXLVI (EXLVI <
NN or when EXLVI becomes VEXLVI or higher (EXLVI >=

I = 1 2 * LVISEL = 0: Generates an internal reset signal when VDD < VLVI */

N and releases the reset signal when VDD >= VLVI. */
NN * LVISEL = 1: Generates an internal reset signal when EXLVI <
NN and releases the reset signal when EXLVI >= VEXLVI.
11111

||+ : Voltage detection selection(LVISEL) */

/*||ll| : O : Detects level of supply voltage (VDD) */

/|ll| : 1 : Detects level of input voltage from external input pin (EXLVI) */
P

[*|+++4------ : Be sure to set 0000 */
|+
J e : Enables low-voltage detection operation */

/*: 0 : Disables operation */

/*:1: Enables operation */

/* software to wait for the operation stabilization time (210us) */

for(loop = 500; loop > 0; loop--){
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NOP();
}
/* wait until VLVIO VDD */
while( LVIF ){
NOP();
}
LVIIF = 0; /* clear LVI interrupt request flag */
}
r* */
/* Module: fn_Wait500usBase
*/
/* Description: Delays the program for (Time * 500us) */
A parameter: wait time(Time)
*/
/* return -
*/
/* */
void fn_Wait500usBase(unsigned short Time)
{
TSOL.1=1; /* start TAUO CH1 */
TMIFO1 = 0;
for(; Time > 0; Time--){ /* wait for (parameter * 500)us */
while('TMIFO1){
NOP();
}
TMIFO1 = 0;
}
TTOL.1 =1; /* stop TAUO CH1 */
}
* */
/* Module: fn_AdcDaclnit
*/
/* Description: Initialization of A/D D/A OPAmp module */

r* parameter: --

/* return

426

*/
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*/
I */
void fn_AdcDaclnit(void)
{

ADCEN = 1; /* supplies input clock to A/D converter, operational amplifier,

and voltage reference */

ADPC = 0b00000000; /* A/D Port Configuration Register */
/*|||[+++++--- : Analog input (A)/digital I/O (D) switching */
M - + ANI15/AVREFM/P157 */
| | +-+-+ ANI10/P152 - ANI8/AMP2+/P150 */
| [ ]| +-+-+-+-+-+-+-+--- ANI7/AMP20/P27 - ANIO/AMPO-/P20 */

Fl:00000:AAAAAAAAAAAA*
/l:00001:AAAAAAAAAAAD?Y
Fl:00010:AAAAAAAAAADDY
/Il:00011:AAAAAAAAADDD"
/l:00100:AAAAAAAADDDD?*
/Il:00101:AAAAAAADDDDD
/l:00110:AAAAAADDDDDD?Y
/Il:00111:AAAAADDDDDDD?*
/Il:01000:AAAADDDDDDDD?*
/l:01001:AAADDDDDDDDDY
/l:01010:AADDDDDDDDDD*
/ll:01111:ADDDDDDDDDDDY
/Il:10000:DDDDDDDDDDDD*
N

[* 4 mmmmnnee : Be sure to set 000 */

/* wait for settling time to 17msec */

* fn_Wait500usBase(17000/500); */
I */
/* Initialization of operational amplifier */
r* */
PM2.1 =1; /* input port mode (AMPOO) */
PM2.0 = 1; /* input port mode (AMPO-) */
PM2.2 = 1; /* input port mode (AMPO+) */
PM2.4 = 1; /* input port mode (AMP10) */
PM2.3 = 1; /* input port mode (AMP1-) */
PM2.5 =1; /* input port mode (AMP1+) */
PM2.7 = 1; /* input port mode (AMP20) */
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PM2.6 = 1;

PM15.0 =1;

PM11.0=1;

ADCEN = 1;

OAC.0=1;

OAC.1=0;

OAC.2 =0;

/* */
/* Initialization of D/A converter
/* */
DACEN = 1;

/* set D/A chanell */

*/

DAM.1 = 0;
mode */
DAM.3 = 1;
DACSW1 = 1365;
}
I
/* Module: main
*/
/* Description: Main process
*/
/ parameter: --
*/
I return = --
*/
/
void main(void)
{
unsigned short count;
unsigned short *pMeasure;
DACE1 =1;

428

ucMeasureStatus = 0;

*/

/* input port mode (AMP2-) */
/* input port mode (AMP2+) */

/* input port mode (ANOOQ) */

/* supplies input clock to OPAmp A/D converter */

/* operational amplifier (AMPQ) enable */

/* operational amplifier (AMP1) disable */

/* operational amplifier (AMP2) disable */

*/

/* supplies input clock to D/A converter */

/* [DAMD1] D/A converter operation is Normal
/* [DARES1]D/A conversion resolution is 12-bit */

/* D/A conversion value setting reigster 1 */
/* ANO1 =1V (1/3 * 2712) ¥/

/* counter for initializing D/A convert data */

/* pointer for measuring data */

/* D/A converter CH1 enable */

/* measuring status */
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/*

*/

/*

r* Main Loop

/*

*/

*/

/*

PM7.1 =1;

PM7.2 =1;

fn_Display(0, 0);

/*

*/

/* set T_REF HiZ(disconnect) */
/* set T_TH HiZ(disconnect) */

/* initial display */

/* if system have nothing to do, go to standby for power-saving */

/*

while (1){

switch(ucMeasureStatus){
0:

value setting reigster 1 */

case

/* ANO1 =1V (1/3 * 2M2) */

CAPACITOR */

charge complete */

charge */

T_REF low(start discharge) */

/* measuring status */

DACSW1 = 1365;

P7.0=1;
PM7.0 = 0;

P7.1=0;
PM7.1 =0;

TSOL.6 = 1;

00oooooooooono U20228JJ1V0AN

*/

*/

/* T_REF1*/

/* D/A conversion

/* charge
/* wait
[* end
I* set
/¥ start
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TIMERO6 */
measure end */
end */

/*
end */
data */

/*
data */

TAUO CH6 */

T_REF HiZ(stop discharge) */

case

value setting reigster 1 */

/* ANO1 =2V (2/3 * 2M2) ¥/

CAPACITOR ¥/

charge complete */

charge */

T_REF low(start discharge) */

TIMERO6 */

430

1:

TMIFO06 = 0;

while(TMIF06 == 0);

while(P3.4 == 0);

ushR_REF1 = TDRO6;

ushR_REF1 = TCRO6;

TTOL.6 =1;

PM7.1 = 1;

ucMeasureStatus = 1;

break;

DACSW1 = 2730;

P7.0=1;
PM7.0 = 0;

PM7.0 = 1;

P7.1=0;
PM7.1 =0;

TSOL.6 = 1;
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/*

/*

/*

/*

/* set T_REF2 measure */

/" T_REF2*/

/*

/*

clear

wait measure

wait measure

get measuring

get measuring

/*

/*

stop

set

D/A conversion

/* charge
/* wait
/¥ end
I* set
/* start
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measure end */

data */

TAUO CH6 */

T_REF HiZ(stop discharge) */

value setting reigster 1 */

/* ANO1 =1V (1/3 * 2M2) ¥/

CAPACITOR */

charge complete */

charge */

T_TH low(start discharge) */

TIMERO6 */

measure end */

TAUO CH6 */

case

2:

TMIF06 = 0;

while(TMIF06 == 0);
ushR_REF2 = TDRO6;

TTOL.6 =1;

PM7.1=1;

ucMeasureStatus = 2;

break;

DACSW1 = 1365;

P7.0=1;
PM7.0 = 0;

2

OP()
OP();
OP();
0
0
0

z 2

pd

OoP
OoP
NOP

)

pd

)

PM7.0 = 1;

P7.2=0;

PM7.2 = 0;

TSOL.6 = 1;

TMIFO06 = 0;

while(TMIF06 == 0);

ushR_TH1 = TDROG;
TTOL.6 =1;
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/*  clear

/* wait measure end */

/* get measuring
/* stop
/ set

/* set T_TH1 measure */

/* T_TH1 */

/* D/A conversion

/* charge
/¥ wait
/¥ end
/* set
/¥ start
/*  clear

/* wait measure end */
/* get measuring data */

/¥ stop
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PM7.2=1; /* set
T_TH HiZ(stop discharge) */

ucMeasureStatus = 3; /* set T_TH2 measure */

break;

case 3: [ T_TH2 ™/

DACSW1 = 2730; /* D/A conversion

value setting reigster 1 */
/* ANO1 =2V (2/3 * 2M2) ¥/

P7.0=1;

PM7.0 = 0; /* charge
CAPACITOR */

NOP();

NOP();

NOP();

NOP();

NOP();

NOP(); /* wait
charge complete */

PM7.0 = 1; /*  end
charge */

P7.2=0;

PM7.2 =0; [* set
T_TH low(start discharge) */

TSOL.6 = 1; /¥ start
TIMERO6 */

TMIFO06 = 0; /*  clear
measure end */

while(TMIF06 == 0); /* wait measure end */

ushR_TH2 = TDRO0S6; /* get measuring data */

TTOL.6 =1; /¥ stop
TAUO CH6 */

PM7.2=1; /* set
T_TH HiZ(stop discharge) */

fn_Display((ushR_REF1 - ushR_REF2), (ushR_TH1 -

ushR_TH2));

/* display T_TH,R_REF data to LCD */
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ucMeasureStatus = 0; /* set T_REF1 measure */

e display.c

/
* 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.

*/
r* */
/* #pragma directive for CC78K0
*/

/* */
#pragma SFR
r* */
/* Include files

*/
/* */
/*#include "defines.h"*/
#include<string.h>
* */
/* Function prototyps

*/
* */

void fn_DisplayAliClear(void); /* Display all clear */

extern void fn_Wait500usBase(unsigned short); /* Delays the program (500us base) */
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/*

*/

/* Extern variables/constants
*/
/*

*/

/*

*/

/* Local constants

/*

*/
*/

/* size of area for displaying */
#define CLCDSIZE_ALL

[*#define
#define CLCDSIZE_NUMBER

/* Display starting position */
#define CLCDPOS_START &SEG4

(unsigned char)(&SEG53 - &SEG4 + 1)
CLCDSIZE_NUMBER 4

/* all area */
/* number */

5 /* number */

/* start of all area */

[*#define CLCDPOS_O &SEG5 /* tenths place of O */
[*#define CLCDPOS_O &SEG10 /* ones place of O */
[*#define CLCDPOS_O &SEG18 /* tenths place of O */
[*#define CLCDPOS_0O &SEG23 /* ones place of O */
[*#define CLCDPOS_O &SEG31 /* tenths place of O */
[*#define CLCDPOS_O &SEG36 /* ones place of O */
[*#define CLCDPOS_O &SEG44 /* tenths place of O */
[*#define CLCDPOS_O &SEG49 /* ones place of O */
[*#define CLCDPOS_REF &SEG5  /* sign of REF */
[*#define CLCDPOS_REF100 &SEG12 /* hundreds place of REF */
[*#define CLCDPOS_REF10 &SEG17 /* tenths place of REF */
[*#define CLCDPOS_REF1  &SEG22 /* ones place of REF */

[*#define CLCDPOS_TH &SEG32 /* sign of TH */
[*#define CLCDPOS_TH100 &SEG39 /* hundreds place of TH */
[*#define CLCDPOS_TH10 &SEG44 /* tenths place of TH */

[*#define CLCDPOS_TH1 &SEG49 /* ones place of TH */

#define CLCDPOS_REF1000
#define CLCDPOS_REF100 &SEG10
#define CLCDPOS_REF10 &SEG15
#define CLCDPOS_REF1  &SEG20
#define CLCDPOS_TH1000 &SEG34
#define CLCDPOS_TH100 &SEG39
#define CLCDPOS_TH10  &SEG44
#define CLCDPOS_THH1

434

&SEG5
/* hundreds place of REF */
/* tenths place of REF */

/* thousands place of REF */

/* ones place of REF */

/* thousands place of TH */

/* hundreds place of TH */

/* tenths place of TH */
&SEG49 /* ones place of TH */
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/* Display data */

/*

< LCD PANEL >

SEG4 SEG5 SEG6 SEG7 SEGS8 = =

SEG53

SEG49 SEG50 SEG51

COMO | I | | I

4
4
4
4
4
+
1l
1]
1l
4
4
4

COM1 | I I I I

4
4
4
4
4
+
1l
1]
1l
4
4
4

CoM2 | I I I I

COM3 | I | | I

F
4
4
4
4
+
1l
1]
1l
4
4
4

COM4 | I I I I

r
4
4
4
4
+
1l
1]
1l
4
4
4

COMS | I I I I

COMS6 | I | | I

r
4
4
4
4
+
1l
1]
1l
4
4
4

COM?7 | I I I I

< example of the data setting >

when you display "A" at area from SEG4 to SEG8

bitO | | |77 | | <- Blank area is 0.
Not blank area is 1.

bit1 | |71111] |71 |

bit2 |/////| | | /1

bit3 |/////| | | [/

bitd [T

bits || Wi

' ! ! ' 1 !
- -+ - -+ -+ -

bits || || )
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bit7 | I I I I I
I I I I I
0x7C 0x12 O0x11 0x12 0x7C
I I I I I
SEG4 <---+ | | | |
SEG5 <--------- + | | |
SEG6 <--------------- + | |
SEG7 <------m-mmmmmmeee- + |
SEGS8 < +
Write data to SFR
R *

/¥ Number indication */

static const unsigned char aDispNumber[][CLCDSIZE_NUMBER] = {

/* COM 76543210 */
{0b01111100 VA Vi
,0b10000010
,0b10000010
,0b01111100
,0b00000000}

/* COM 76543210 */
, {0b00000100 VA
,0b00000100
,0b11111110
,0b00000000
,0b00000000}

/* COM 76543210 */
, {0b11000100 i
,0b10100010
,0b10010010
,0b10001100
,0b00000000}

/* COM 76543210 */

, {0b01000100 /*'3*
,0b10010010
,0b10010010
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,0b01101100
,0b00000000}

/* COM 76543210 */

, {0b01111000
,0b01000100
,0b11111110
,0b01000000
,0b00000000}

/* COM 76543210 */

, {0b01001110
,0b10001010
,0b10001010
,0b01110010
,0b00000000}

/* COM 76543210 */

, {0b01111100
,0b10010010
,0b10010010
,0b01100000
,0b00000000}

/* COM 76543210 */

, {0b00000010
,0b11100010
,0b00011010
,0b00000110
,0b00000000}

/* COM 76543210 */

, {0b01101100
,0b10010010
,0b10010010
,0b01101100
,0b00000000}

/* COM 76543210 */

, {0b00001100
,0b10010010
,0b01010010
,0000111100

4

[*'5'*/

/* |6| */

/* |7| */

/* |8| */

/* |9| */
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,0b00000000}
I8
/* ________________________ */
A sign of Ref */
/* ________________________ */

static const unsigned char aDispRef[] = {

/* COM 76543210 */

0b11111110 /"R*
,0b00010010
,0000110010
,0001010010
,0b10001100
I
R %
/* sign of Th */
R *
static const unsigned char aDispTh[] = {
0b00000010 T
,0b00000010
,0b11111110
,0b00000010
,0b00000010
I8
R *
/* Button frame */
R *

static const unsigned char aDispButtonFrame[] = {
/* COM 76543210 */
0b00000000

,0b01111111 rrr

,0b01001001

,0b01001001

,0b01001001

,0b01001001

,0b01001001

,0001001001

,0b01001001

,0b01001001

,0b01001001
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,0b01111111
,0b00000000
,0b01111111 A
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01111111
,0b00000000
,0b01111111 o
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01111111
,0b00000000
,0b01111111 A
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01001001
,0b01111111
,0b00000000
,0b00000000

static const unsigned char aDispClear(] = {

/* COM 76543210 */
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0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0000000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 i
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
,0b00000000
,0b00000000
,0b00000000 e
,0b00000000
,0b00000000
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,0b00000000

,0b00000000

,0b00000000 TR

,0b00000000

,0b00000000

,0b00000000

,0b00000000
I8
/* */
/* Global variables

*/
/* */
/*boolean bDispUpdate; /* Display update request */
/*boolean bBlinkOn; /* Blink status (0:LCD OFF, 1:LCD ON) */
r* */
/* Local variables
*/
I* */
r* */
/* Code
*/
* */
/*
r* */
r* Common function */
r* */
/*
/* */
/* Module: fn_Displaylnit
*/
/* Description: Initialization of Display module */
r* parameter: --
*/
I return -
*/

/* */
void fn_DisplayInit(void)
{

r* */

/* Initialization of LCD controler/driver */
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r* */

LCDMD = 0b00010000; /* LCD Mode Register */
[*++||++++--- : Be sure to set 000000 */
A |
[ - : LCD drive voltage generator selection */

/¥ :00: External resistance division method */
/* 101 :Internal voltage boosting method */
/* 10 : Capacitance split method */
/* 111 : Setting prohibited */

SEGEN = 0b00011111; /* Segment Enable Register */
||I|l||+--- : Control segment signal output from pins SEG8-SEG11 */
/*||I|||+---- : Control segment signal output from pins SEG12-SEG15 */
||+ : Control segment signal output from pins SEG16-SEG19 */
F[|]+===--- : Control segment signal output from pins SEG20-SEG23 */
1| |4=------ : Control segment signal output from pins SEG24-SEG26 */
/|| : 0 : segment signal output disable */

/*]|| : 1 : segment signal output enable */

||
[ mmmmmmm : Be sure to set 000 */
PFALL = 0Ob0O1111111; /* Port Function Register ALL */

III|+--- : Pins P50-P53 port/segment output specification */
|I|||+---- : Pins P54-P57 port/segment output specification */
||+ : Pins P90-P93 port/segment output specification */

/|| +------ : Pins P94-P97 port/segment output specification */

1| |+------- : Pins P100-P102 port/segment output specification */
PAl | R : Pins P140-P143 port/segment output specification */
B : Pins P144-P147 port/segment output specification */

/*| : 0 : Used the pins as port (other than segment output) */

/*| : 1 : Used the pins as segment output */

7%/
[*mmmmmnnnnn :Be suretoset0*/
ISC = 0b00000000; /* Input Switch Control Register */
III|+--- : Switching external interrupt (INTPO) input */
Il : 0 : Uses the input signal of the INTPO pin as an external interrupt (normal
operation). */
NI = 1 : Uses the input signal of the RXD3 pin as an external interrupt */
NN (to measure the pulse widths of the sync break field and sync field). */
11111

|I|[]+---- : ISC1 Switching channel 7 input of timer array unit TAUS */

Il : 0 : Uses the input signal of the TI0O7 pin as a timer input (normal operation).
*/

I = 1 = Input signal of RXD3 pin is used as timer input (wakeup signal detection).
*/

442 000000000000 U20228JJ1V0AN



OOA ODOOODODOODOO

11111

|||+ : RxD3/SEG53/P50 pin schmitt-triggered buffer control */
|ll| : O : Disables input */

Il : 1 : Enables input */

P

/|| +------ : TI02/SEG51/P52 pin schmitt-triggered buffer control */
/*|l| : O : Disables input */

/*||l| - 1 : Enables input */

||

I||+------- : TIO4/SEG50/P53 pin schmitt-triggered buffer control */
/*||| : O : Disables input */

/||| : 1 : Enables input */

Il

[* 4t mmmmem : Be sure to set 000 */
fn_DisplayAliClear(); /* clear all LCD String area */
LCDCO = 0b00110011; /* LCD Clock Control Register */

/*|||||+++--- : LCD clock (LCDCL) selection */
Il : 000 : fLCD/2M */

Il : 001 :fLCD/275 */

Il : 01 0:fLCD/276 */

;011 :fLCD/2A7 */

Il : 100 :fLCD/278 */

Il 101 :fLCD/279 */

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

11|

[+ |+ : Be sure to set 000 */

A [l

[ - : LCD source clock (fLCD) selection */

/*:00:fSUB ™/

/*:01:fCLK/276 */
/*:10: fCLK/2A7 */
/*:11:fCLK/2/8 */

VLCD = 0x0A; /* set LCD boost level to 5V */
/* wait for the reference voltage setup time (2ms(min.)) */

fn_Wait500usBase(2000/500);

LCDM = 0b00100111; /* LCD Display Mode Register */
/*|||||+++--- : LCD controller/driver display mode selection */
Il *When the external resistance division method is used */
Il : 000 : Four-time-slice mode & 1/3 bias method */
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Il :001: Three-time-slice mode & 1/3 bias method */
Ml =01 0: Two-time-slice mode & 1/2 bias method */
Il :011:Three-time-slice mode & 1/2 bias method */
Il :100: Static */

Il 111 : Eight-time-slice mode & 1/4 bias method */
P

Il *When the internal voltage boosting method is used */
Il :0 00 : Four-time-slice mode & 1/3 bias method */
Il :001:Three-time-slice mode & 1/3 bias method */
Il :010: Four-time-slice mode & 1/3 bias method */
Il :011: Four-time-slice mode & 1/3 bias method */
|l :100: Setting prohibited */

Il 111 : Eight-time-slice mode & 1/4 bias method */
1111

Il *When the capacitor split method is used */

Il :0 00 : Four-time-slice mode & 1/3 bias method */
Il :001: Three-time-slice mode & 1/3 bias method */
Il :010: Four-time-slice mode & 1/3 bias method */
Il : 011 :Four-time-slice mode & 1/3 bias method */
Il :100: Setting prohibited */

Ml =111 : Four-time-slice mode & 1/3 bias method */
1111t

||lll : Other than above : Setting prohibited

P

L[| +4------ : LCD display data area control */

/*||| : 0 0 : Display the data of an A pattern area */

Al (lower 4 bits of LCD display data memory) */

/*||| : 0 1 : Display the data of an A pattern area */

Al (higher 4 bits of LCD display data memory) */

/*]|| : 1 0 : Display the data of an A pattern area and the B pattern area in turn. */
Al (The on and off light indication which synchronized */

Al in a constant-period interrupt timing of RTC) */

/*||| : 1 1: Display the data of an A pattern area and the B pattern area in turn. */

Al (The on and off light indication which synchronized */

Al in a constant-period interrupt timing of RTC) */

||

[*|| 4= : Voltage boost circuit and capacitor split circuit operation enable/disable

*/
/*]| : 0 : Stops voltage boost circuit and capacitor split circuit operation */
/*|| - 1 : Enables voltage boost circuit and capacitor split circuit operation */
)| */
[*gmmmmaen : LCD display enable/disable */

/*:0 0 : Output ground level to segment/common pin */
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/*: 01 : Display off (all segment outputs are deselected.) */
/*:1 0 : Output ground level to segment/common pin */

/*:11: Display on */

/* software to wait for the operation stabilization time (over 500ms) */

fn_Wait500usBase(500000/500);

SCOC = 1; /* output deselect level to SEG and LCD waveform to COM */

LCDON = 1; /* display on */

r* */

r* Initialization of variables */

r* */
/* bDispUpdate = 1; /* initialize display update request flag */
I bBIlinkOn = 0; /* initialize blink on flag */
I ushOpeningMessage = 0; /* initialize opening message counter */
}
* */
/* Module: fn_LcdWrite

*/

/* Description: Write data to LCD RAM

*/
I parameter: position in whitch display begins */
I address of display data

*/
/* size of display data
*/
/ return -
*/

/* */

static void fn_LcdWrite(unsigned char *Position, unsigned char *DataAddr, unsigned char DataSize)

{
memcpy(Position, DataAddr, DataSize);

}
* */
/* Module: fn_DisplayAllClear
*/
/* Description: LCD RAM all clear
*/
r* parameter: --

*/
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I/ return -
*/
* */
void fn_DisplayAllClear(void)
{

fn_LcdWrite(CLCDPOS_START, aDispClear, CLCDSIZE_ALL);

/* */
/* Module: fn_Display

*/
/* Description: Display count to LCD */
/* parameter: REF data(Hex), TH data(Hex) */
I return -

*/

r* */

void fn_Display(unsigned short ushRef, unsigned short ushTh)
{

unsigned short ushNumber; /* number work for display */
/* space */
I fn_LcdWrite(CLCDPOS_START, aDispClear, (unsigned char)(CLCDPOS_REF - CLCDPOS_START));

*/
fn_LcdWrite(CLCDPOS_START, aDispClear, (unsigned char)(CLCDPOS_REF1000
CLCDPOS_START));

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

/* display REF data */

/ /
/* display sign of REF */
/[ fn_LcdWrite(CLCDPOS_REF, aDispRef, sizeof aDispRef);
*/
/* space */
/* fn_LcdWrite((CLCDPOS_REF100 - 2), aDispClear, 2);
*/

/* display thousands place of REF */
fn_LcdWrite(CLCDPOS_REF1000,
aDispNumber{(unsigned char)(ushRef / 1000)],
CLCDSIZE_NUMBER);

/* clear digit gap */
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/*
*/

J*
*/

/*
*/

/*

/*
*/

J*
*/

fn_LcdWrite((CLCDPOS_REF100 - 1), aDispClear, 1);

/* display hundreds place of REF */

ushRef %= 1000;

fn_LcdWrite(CLCDPOS_REF100,
aDispNumber[(unsigned char)(ushRef / 100)],
CLCDSIZE_NUMBER);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_REF10 - 1), aDispClear, 1);

/* display tenths place of REF */

ushRef %= 100;

fn_LcdWrite(CLCDPOS_REF10,
aDispNumber[(unsigned char)(ushRef / 10)],
CLCDSIZE_NUMBER);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_REF1 - 1), aDispClear, 1);

/* display ones place of REF */
fn_LcdWrite(CLCDPOS_REF1,
aDispNumber[(unsigned char)(ushRef % 10)],
CLCDSIZE_NUMBER);

/* space */

fn_LcdWrite((CLCDPOS_REF1 + CLCDSIZE_NUMBER), aDispClear, 6);*/
fn_LcdWrite((CLCDPOS_REF1 + CLCDSIZE_NUMBER), aDispClear, 5);

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

/¥ display TH data */
/ * /

/* display sign of TH */
fn_LcdWrite(CLCDPOS_TH, aDispTh, sizeof aDispTh);

/* space */
fn_LcdWrite((CLCDPOS_TH100 - 2), aDispClear, 2);

/* display thousands place of TH */
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/*
*/

J*
*/

/*
*/

J*
*/

448

fn_LcdWrite(CLCDPOS_TH1000,
aDispNumber[(unsigned char)(ushTh / 1000)],
CLCDSIZE_NUMBER);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_TH100 - 1), aDispClear, 1);

/* display hundreds place of TH */

ushTh %= 1000;

fn_LcdWrite(CLCDPOS_TH100,
aDispNumber[(unsigned char)(ushTh / 100)],
CLCDSIZE_NUMBER);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_TH10 - 1), aDispClear, 1);

/* display tenths place of TH */

ushTh %= 100;

fn_LcdWrite(CLCDPOS_TH10,
aDispNumber{[(unsigned char)(ushTh / 10)],
CLCDSIZE_NUMBER);

/* clear digit gap */
fn_LcdWrite((CLCDPOS_THT1 - 1), aDispClear, 1);

/* display ones place of TH */

fn_LcdWrite(CLCDPOS_THT1,
aDispNumber[(unsigned char)(ushTh % 10)],
CLCDSIZE_NUMBER);

/* space */
fn_LcdWrite((CLCDPOS_TH1 + CLCDSIZE_NUMBER), aDispClear, 1);
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