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EVMo] #Ax=H character LCD

» A LCD

R A (AHEAE 712 4E 71s)E EAISE LCD

1. AX07001 by Apex display It.

E7:16x2 character LCD

» EAZFs BAl set: 713, £4, Qo] duiyl glARAL, dof sty

=

» MUCS}9] 94
» LCD A= A3l 7719 digital output A&

» 4bit data transfer ¥ o]&: 1byte datas 4bit® Y
}o] 2Ho] A% = DB4~DB7 <> P0.0~P0.3

» Control bus : RS=P6.4, RW=P6.5, E=P6.6

v Vv Vv
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Code to use 16x2 char.

LCD

- A\Y I — o =
#include “1lcd2. lcd2.c’ IHAOf| Ho|=l StAE 0|
prototypeO| &[0 U= ol
vold main (void) EP%
{
//LCD init.

wLCDinit(); //make input

//73H LcpE 22[0

wLCDclr () ;

/=W =, FHM | HM HA|
wLCDcsron(1,1,1) ;
wLCDcsron(1,1,0); //7AAN X[27]
//2R VNS HHR AR 70| ARA|
wLCDputc(0,3,'A");

wLCDblink (0,3,1); //% &A} blinking
// (1, 3) /IXRH X2 HA|
wLCDputs (1,3, ”Hello”) ;

}

LCDAIE H
e 1cd2.c source fileg
meHEo %7}
* include header file
- 25 67l &+ M
+ BE B30
OIXt (argument) & unsigned
char @O & 9ll0fF af.
< 16x2 7tol 9% XM
0~157HK| 2 HA|.
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Ch. 12: Clock/Buzzer output controller

» 716

» B FA59 2

b BUZ/P141—H111'9'

sfo] 2ot FA

.—z_ta 248
» PCL/INTPG6/P140-2€ 413 €8 d

Selector

W BUZ/BUSYO/INTP7/P141

|

Output latch P41

[P141)
fPAS to fPRS/27 | BCS0, BCS1
O
*Q Clock
o controller PCL/ANTF&/P140
fsum 0
CLOE Output latch
I e M B s e e JT0
BZOE | BCS1 | BCSOD | CLOE | CCS3 | CCS2 | CCS1 | CCS0

) Clock cutput selection register (CKS)

Internal bus
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Control registers

» Clock output

Figure 12-2. Format of Clock Output Selection Register (CKS)

Address: FF40H  Afterreset: O0H RW

° Symbol <f= [ 5 < 3 2 1 Q
S e 1 e Ctl O l l r e g ( ‘ ! K S ) cKs BZOE BCS1 BCSO CLOE ccs3 ces2 cest ccso
°
BZOE BUZ output enable/disable specification
°
} ON/OFF Z{I 01 ° B Z OE 0 Clock division circuit operation stopped. BUZ fixed to low level.
’ 1 Clock division circuit operation enabled. BUZ output enabled.
C L O E ( 1 E O n 9 O E O ff) BCS1 BCSO BUZ output clock selection
frrs = 10 MHz ferz = 20 MHz
B l | Z - ~ EI a EI _'_; " -ll I'_I_‘ 2 ; q 0 frrs2" 9.77 kHz 19.54 kHz
} E l E ' E 1 frrs2" 4.88 kHz 9.77 kHz
X-] . [B C S 1 . B C S O ] 1 0 — 2.44 kHz 4.88 kHz
O ° . 1 1 tons/2™ 1.22 kHz 2.44 kHz
} O 9 f / 2 10 CLOE PCL output enable/disable specification
PRS 0 Clock division circuit operation stopped. PCL fixed to low level.
} 1 ; f /2 11 1 Clock division circuit operation enabled. PCL output enabled.
CCs3 CCs2 CCst CCs0 PCL output clock selection
} 2 9 f / 2 12 fsue = feRs = frrs =
PRS 32.768 kHz 10 MHz 20 MHz
13 0 0 0 0 fong™ " - 10 MHz Setting
) 3 9 fPRS / 2 prohibited***
0 0 0 1 frRs/2 5 MHz 10 MHz
PCI >2a 32A Zl—l-]'TA A 0 0 1 0 [ 25mz sz
} E =1 = M l = 0 0 1 1 fers/2’ 1.25MHz |25 MHz
21 . o 1 0 0 frrz/2° 625 kHz 1.25 MHz
0O [CCSSNCCSO] 0 1 0 1 frrs/2® 312.5kHz | 625 kHz
0 1 1 0 frrs/2® 156.25 kHz | 312.5kHz
} f / 2 f / 2 7 f 0 1 1 1 frRe/2 78125 kHz | 156.25 KHz
PRS PRS 0 SUB 1 0 0 0 fus | 32.768 kHz -
Other than above Setting prohibited
ol C A|AH 22
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EVM buzzer 3= & Code

volid main (void)

{ WVCCS
//port setupt Re |12
PM14.1 = 0,' //Output lj_—l e - - GR_E.l\jﬂj
PM2.4 = 1; //input for slide | B —L@or! -

BUZ 3 9f R TN,
TP5 rs K S
/)T A i ”
CKS = 0b01100000;
whlle(l) { A \
£(p2.4) e BUZ1 = BUZ/P141
BZOE = 1; e BUZ2 = P144
else e BUZ3 = P120
BZOE = 0;
}
}
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16—-bit Timer/Event counter overview

» 270 WA 00/01
» Functions

v Vv VvV VvV Vv Vv

Interval timer
Square-wave output
External event counter
One-shop pulse output
PPG output (PWM like)

Pulse width measurement
Table 7-1. Configuration of 16-Bit Timer/Event Counters 00 and 01

lterm Configuration
Time/counter 16-bit timer counter On {TMOn)
Register 18-bit timer capture/compare registers 00n, 01n {CROO0n, CRO1N)
Timer input TIOOn, TIO1n pins
Timer cutput TOOn pin, output controller
Control registers 16-bit timer mode control register On (TMCOn)

16-bit timer capture/compare control register On (CRCON)
18-bit timer output control register On (TOCON)

Prescaler mode register On (PRMOM)

Port mode register O (PMO)

Port reqister O (PO)

Remark n=0,1

L omuem 2011/02 YH|CIEN 2 S8
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Block diagram

Figure 7-1. Block Diagram of 16-Bit Timer/Event Counter 00

ﬂ Intemal bus 'E,
Capture/compare control %
register 00 (CRCO0)
|cacoodcAcoor acood|
ToCROO[ | 11 % INTTMooo
Moise l_ﬁ 16-bit timer capture/compare =
TIO1TO00/POT @) elimi- % register 000 (CRODO)
nator e
% Match
frRg ——= _
fras/2? ———| & b
frmz 20 z 16-bit timer counter G0 Clear
ﬂj (TMoo) —[j Output TOoTIo10/
[ L controller P01
Moize L Match
frrs —= glimi-| {2 : Ouiput latch
neafor I ’T o) PhA0n
Moise 16-bit fimer capiure/com
; [ || /rompare
Tiooo/Poo @ ﬁg’t’;'r registar 010 (CRO10)
1} —-E‘ INTTMO10
El
CRCo02 —
[TMCaoa[TMGD0e [TMC001OVEDD| |USPTI:-:||EIE:‘_0.'J|TEIE:0-1LVSDD|L‘JFID|:IHCE|:|:-1|'H]EI::-D|
16-bit timer mode 16-bit timer output
Pre_scaler mode control register 00 control register 00
register 00 (PRMOO) il 41 {TMCoD) <_» (TOCo0)
! Internal bus \

9 N 2011/02 YH|E| A 2E S8
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Interval ti perati

Figure 7-16. Block Diagram of Interval Timer Operation ﬁ «2AMA|ZF OFCE Ol &H E 2h A

« A™A|ZHE™H 2 CROON reg

Clear [ * X}&2 2 TMon clear&
Count clock }—  1&-bit counter (TMon)
<, & Mateh signal INTTMOON signal
Operable bits ]
TMCOn3, TMCOn2 1t
CROOn register

TMOn register

Figure 7-17. Basic Timing Example of Interval Timer Operation

N — N — N — M —
0000H
Operable bits 00 i 11
(TMCOn3, TMCOn2) \
Compare register
(CH0On) x N
Compare match intermupt -| -| -| -|
(INTTMOOn)

Interval Interval Interval Interval
(N+1) [N+ 1) M+ 1) (N+1)

10 L srmnera
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Square—-wave output operation

Figure 7-20. Block Diagram of Square-Wave Output Operation

Clear *

Count clock

D_.

16-bit counter (TMON)

Operable bits

Output
controller

{/L Match signa
7Y

TMCOn3, TMCOn2

CROOn register

= INTTMOOn signal

Figure 7-21. Basic Timing Example of Square-Wave Output Operation

TMOn register

M — N

M — N

—={{) TOON pin

{a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCON1 _OVFOn
Le T ol oJ ol + T+ 70T

Clears and staris on maich
between TMOn and CROON.

(b) Capture/compare control register 0n (CRCOn)

CRCON2 CRCOR{ _CRCONO
Lo T oJToJof ol ol oTlol]

CROON used as
compare register

(c) 16-bit timer output control register On (TOCOn)

0OSPTOn OSPEOn TOCOn4  LVSOn LVROn TOCOn1 TOEOn
| o ‘ 0 ‘ 0 ‘ 0 ‘ on | on | 1 | 1 |

Enables TOON pin output.

Inverts TOOn pin output on match
between TMOn and CROON.

Specifies initial value of TOON output F/F

D000H
Operable bits 3
(TMCOn3, TMCOn2) 90 4 11
Compare register x N

(CROON)

TOON pin cutput

Compare match interrupt
(INTTMOOR)

‘

Interval
(N+1)

Interval
M+ 1)

Interval
(N+1)

Interval
(M+1)

11
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External event counter

Figure 7-24. Block Dlagram of External Event Counter Operation

frRs

l

TI00n pin @

Edge

detection _>——

Clear

L

16-bit counter (TWON)

TMCOn3, TMCOnZ

Operable bits

| Output s ,
contrallar TOON pin

J\} Match signal
i

CRODn register

INTTMOON signal

(a) 16-bit timer mode control register On (TMCOn)

TMCOn3 TMCOn2 TMCOni1  OVFOn

Lol ol o of + [+ ] ol o]

Clears and starts on match
between TMOn and CROON.

(b) Capture/compare control register On (CRCOn)

ES1n1

ES1n0

ES0n1 ESOn0

(d) Prescaler mode register On (PRMON)

3

2 PRMONT

PRMOND

0

0

0 0A

0

0 1

1

L

\_|_‘— Selects count clock

CRCOn2 CRCOni CRCUOn0
| o | o | o | o |
I— CROO0On used as

compare register

(specifies valid edge of TIOON).

00: Falling edge detection
01: Rising edge detection
10: Setting prohibited

11: Both edges detection

12
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Free—-running timer operation 1
CROOn & CROIn - compare reg

Figure 7-37. Block Diagram of Free-Running Timer Mode
(CROON: Compare Reglster, CRO1Nn: Compare Reglster)
Count clock Timer counter
{TMOn)
- U Match signal Interrupt signal
Operable bits [ (INTTMOON)
TMCON3, TMCOn2
Ci t Output '
3t |-oron
Match signal [ Interrupt signal
t (INTTMO1n)
Compare register

(CROTN) FFFFH
TMOn register
0000H
Operable bits
(TMCOn3, TMCOn2)
Compare register
(CROON)
Compare match interrupt
(INTTMOON)
Compare register
(CRO1n)
Compare match internupt
(INTTMO1n)
TOON pin output
OVFOn bit

Figure 7-38. Timing Example of Free-Running Timer Mode
(CROON: Compare Register, CR01n: Compare Register)

» TOCON = 13H, PRMON = 00H, CRCONn = 00H, TMCOn = 04H

N N AT N

-

00 )
X ] w

01

DA

M— |
S|
—
M— |

| ]

T f ! T

0 write clear 0 write clear 0 write clear 0 write clear

13
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Free—-running timer operation 2
CROOn: compare, CROIn : capture

Figure 7-39. Block Dlagram of Free-Running Timer Mode
(CROON: Compare Register, CRO1N: Capture Register)

Timer counter
(TMOn)

Count clock

- Match signal Interrupt signal
TMCOn3, TMCOn2
oupst | 000 » TOCOn = 13H, PRMON = 10H, CRCON = 04H, TMCOn = 04H

Edge

" Capture register Interrupt signal |-
71000 210 @1 setecion [Capture signal (CRO1n) inrTvom [ FH | /

i M P
TMOn register / 5 a "
0000H

Operable bits )(
(TMCOn3, TMCOn2) 0o o1

Capture trigger input
(TI00n)

Compare register
(CROON) X Q000H

Compare match interrupt
(INTTMOOR) —‘ —‘ ] —‘

Capture reqister
(CRO1n) Q0o0H }'

Capture interrupt
(INTTMO1n) -‘ -| -| -‘

TOON pin output

Overflow flag
(OVFOn) —‘ -|

=
=
B
N
=
B Pl
==
w
o
-
o
e
[ [o]

! T T T

0 write clear 0 write clear 0 write clear 0 write clear

4 \‘%gmqm 2011/02 YH|C|EA|AE S &
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Free—-running timer operation 3

CROOnN: capture, CROIn : capture

FFFFH
TMOn register

Q000H
Operable bits
{TMCONn3, TMCOn2)

Capture trigger input
(TI00n)

Capture register
(CRO1n)

Capture interrupt
(INTTMO1n)

Capture trigger input
(TI01n)

Capture register
(CROOR)

Capture interrupt
(INTTMOOR)

Cwverflow flag
(OVFOn)

Figure 7-42. Timing Example of Free-Running Timer Mode
{CROON: Capture Register, CR01n: Capture Register) {(1/2)

(a) TOCOn =13H, PRMOn = 50H, CRCOn = 05H, TMCOn = 04H

7

]

]

T

B o] |t T 2
00 }( 01
B L]
Clﬂﬂ'ClH){ M }( M }( s }( P )@
| | | | L
|
oooon| X~ A [ X 8 | X X o [ X e

|

0 write clear

T

0 write clear

T

0 write clear

|

0 write clear

15
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PPG output operation

» PPG: Programmable Pulse Generation

Figure 7-47. Example of Software Processing for PPG Output Operation

M M M

TMOn register N /_ N //_ N /
0000H _/ / / /

Operable bits 00 ),.f
(TMCOn3, TMCOn2)

Compare register M
{CROON)

Compare match interrupt '[ '| '|
(INTTMOOR)

Compare register N
{CRO1n)

Compare match interrupt
(INTTMD1nN) —| —| —|

Timer output control bits
(TOEON, TOCON4, TOCON) |_

TOON pin output

M+ 1 M+ 1 M+1
i M+ M+ 1 M+ 1 i

<1= <2

16 N . 2011/02 YH|C|EA]
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One-shot pulse output operation

FFFFH

TMOn register

0000H

Operable bits
(TMCOn3, TMCOn2)

One-shot pulse enable bit
{OSPEN)

One-shot pulse trigger bit
(OSPTn)

One-shot pulse trigger input
(T100n pin)

Owerflow plug
(OVFOn)

Compare reqister
(CROON)

Compare match interrupt
(INTTMOON)

Compare reqister
(CRO1N)

Compare match interrupt
(INTTMO1n)

TOON pin output

TOOn output contral bits
(TOEON, TOCONn4, TOCONT)

Figure 7-50. Example of Software Processing for One-Shot Pulse Output Operation (1/2)

(a) 16-bit timer mode control register On (TMCOR)

TMCOn3 TMCOn2 TMCOn1  OVFOn

N/ MN_ M
v m T M

=X
N

01|or 10 L 00

X

X

[ o 7 o J o[ o J ot [ on ] o] ol

LAATAJ

01: Free running timer mode
10: Clear and start mode by
valid edge of T100n pin.

(b) Capture/compare control register On (CRCOn)

CRCON2_CACOni CRCOND
Lol ol of ol ofofol]eo

L CROOn used as

compare register

CRO1n used as
compare register

(c) 16-bit timer output control register On (TOCOnN)

OSPTOn OSPEOn TOCOnd LVSOn TOCOn1  TOEOn

IEEEEERER
I— Enables TOOn pin output

5 initial value of

TE}Un pin output

LVROn

| Inverts TOON output on
match between TMOn
and CROON/CRO1N.

Enables one-shot pulse
output

Sofiware trigger is generated
by writing 1 to this bit
(operation is not affected
even if 0 is written to it).

M+ 1

M+1

|

bt

als «2=

—

TN output level is not
inverted because no one- T ‘
shot trigger is input. <2

17
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Code for sounding using TmroO1

{

}

{

}

#pragma vect INTTMOOl inttmOOl isr
void main (void)

//EE A for TOO1
PM6.0 = 0; //make output

//TMO1 AN

PRMO1 =

CRCO1 =

TOCO01 = 0x03; // enable TOOl pin,
CRO01 = 3125; //make 200Hz clock
TMCO1l = 0xO0c;

//interrupt setup
TMMKOO1 = O;
EI(); //or DI();
while (1) ;

__interrupt void inttm001 isr(void)

LEDO "~= 1; //toggle LEDO

0x02; //setup freq.=fPRS/276 ==> 312.5KHZEEE£;T~§§-§‘
0;

TMR012| & &(TO01/P0.6)0|
ZtEHSE OP amp.& HAN A7
AZEL[0] ALt

O|F 0| &30 ZtEtstA =/2f/0l&
GIZBICE

invert match
« TMR 27 =X

* Prescaler mode reg., Capture
control reg., Output control reg.,
Timer control mode reg. (starting
timer.)
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