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DESCRIPTION

The WT5041 is a high-performance, low-cost, CMOS 8-bit single-chip micro controller with on-chip OP Amp (OPA)
for heart rate detect and 128 segments LCD driver. This chip can be used dedicate for applications where heart rate
and LCD display are required, for example sports bicycle meter, heart rate meter and heart rate watch.

This chip has 8-bit CPU, RAM, ROM, I/Os, one 16-bit timer/counters, dual 8-bit timer interrupt controller, three 8-bit
PWM D/A output, resister to frequency converter (RFC), heart rate detect circuits, and a LCD driver. To be suitable
for portable battery-powered applications, a power saving functionis included.

FEATURES
€ 8-bit single chip micro controller with 8Kbytes ROM and 256 Bytes SRAM
€ Wide voltage operating range from 2.4 V to 5.5V
€ Built-in 32.768KHz OSC circuits.
€ 14 interrupt sources, 14 halt mode release sources (warm start), 8 off mode wake up sources (cold start); all sources
have independent latches each and multi-control is available.
€ 1/O port (32 pins)

< 1/O porto 8 pins (shared with SEG25-SEG32)
< 1/Oportl 1 pin (shared with QP Amp 1 pins)
< 1/Oportl 3 pins (shared with PWMO0~2 output)
< 1/Oportl 4 pins (shared with REC 4 pins)
< 1O port2 8 pins (shared with key detect & event counter
< 1/Oport3 6 pins (shared with OP Amp 6 pins)
< 1/Oport3 2 pins (shared with BUZ/BUZB output)
~ Providing standby mode
€  Key wake up function
€ Build-in heart rate detect circuits and ene 16-bit counter
€  Build-in RFC circuit and one 16-bit counter for thermistor and humidity sensor use.
€ Dual 8-bit timer & one 16-bit timedcounters
€ 3 Channel 8-bit PWM.output
€ LCD driver

€ LCD direct drive (max. 16-digit display at 1/4 duty)

€ 1/4,1/3, 1/2.duties and 1/2, 1/3 biases can be selected by software programming
€ 1/4,1/3, 1/2 duties and 1/2, 1/3 biases can be selected by software programming
LCD segments SEG25~32 can be used as 8 I/0 pins by software programming
Real-time emulator

* o0

Package: Die form
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PIN FUNCTION
Name No. | 1/O Description
COM1I 1 (0] LCD commonl
COM2 2 (0) LCD common?2
CoM3 3 O LCD common3
COM4 4 (0] LCD common4
SEGI 5 0] LCD segmentl
SEG2 6 0 LCD segment?2
SEG3 7 0] LCD segment3
SEG4 8 0) LCD segment4
SEG5 9 0] LCD segment5
SEG6 10 0) LCD segment6
SEG7 11 0 LCD segment7
SEGS8 12 0 LCD segment8
SEG9 13 0) LCD segment9
SEG10 14 0 LCD segment10
SEGI11 15 O LCD segment!1
SEG12 16 0 LCD segment12
SEG13 17 0) LCD segment13
SEG14 18 O LCD segment14
SEG15 19 0 LCD segmentl5
SEG16 20 O LCD segmentl6
SEG17 21 (0) LCD segmentl 7
SEG18 22 (0) LCD segment18
SEG19 23 (0) LCD segment19
SEG20 24 (6) LCD segment20
SEG21 25 0 LCD segment21
SEG22 26 O LCD segment22
SEG23 27 1/0 LCD segment23
SEG24 28 1/0 LCD segment24
PO0/SEG25 29 1/0 1/O port 00 or LCD segment 25
PO1/SEG26 30 1/0 1/0 port 01 or LCD segment 26
P02/SEG27 31 1/0 1/0O port 02 or LCD segment 27
P03/SEG28 32 1/0 I/O port 02 or LCD segment 28
P04/SEG29 33 1/0 1/O port 04 or LCD segment 29
PO5/SEG30 34 1/0 1/0 port 05 or LCD segment 20
P06/SEG31 35 1/0 1/0O port 05 or LCD segment 31
P07/SEG32 36 I/O 1/O port 07 or LCD segment 32
P30/IN1 37 1/0 1/0O port 30 or OP function Inputl
P31/IN2 38 1/0 1/0 port 31 or OP function Input2
P32/IN3 39 /O 1/O port 32 or OP function Input3
P33/01 40 1/0 1/0 port 33 or OP function Outputl
P34/02 41 1/0 1/0O port 34 or OP function Output2
P35/03 42 1/0 1/0 port 35 or OP function Output3
P36/BUZ 43 1/0 1/0O port 36 or OP function Output3
P37/BUZB 44 1/0 1/0O port 37 or BUZZERB function
P20/INTQ 45 1/0 1/0 port 20 or INT/wake up input 0 pull high.negative edge trigger.




® Jess Technology Co., Ltd. WT 5041
C

2 VIE SR S U A . . . .
8-bit pC with Heart Rate Detect Circuits

Version 1.01
P21/INT1 46 1/0 1/O port 21 or INT/wake up input 1 pull high.negative edge trigger.
P22/INT2 47 1/0 1/0 port 22 or INT/wake up input 2 pull high.negative edge trigger.
P23/INT3 48 1/0 1/O port 23 or INT/wake up input 3 pull high.negative edge trigger.
P24/INT4 49 1/0 1/O port 24 or INT/wake up input 4 pull high.negative edge trigger.
P25/INTS 50 1/0 1/0 port 25 or INT/wake up input 5 pull high.negative edge trigger.
Name No. | 1/O Description
P26/INT6 51 1/0 1/0O port 26 or INT/wake up input 6 pull high.negative edge trigger.
P27/INT6/CNT | 52 1/0 1/0 port 27 or INT/wake up input 7/counter input
GND 53 P Ground (0V)
XTAL2 54 1/0 32768 Hz crystal oscillator
XTAL1 55 I 32768 Hz crystal oscillator
P10/PWMO 56 1/0 1/0 port 10.or PWMO output
P11/PWMI 57 1/0 1/0 port 11.or PWMI output
P12/PWM2 58 /0 1/O port 12.or PWM2 output
P13/VR 59 /0 1/O port 13. OP reference voltage output
P14/RA 60 1/0 1/0O port 14 or RFC R thermistor
P15/RB 61 /0 1/O/port.15 or RFC R humidity sensor
P16/RS 62 1/0 1/0 port 16 or RFC R standrad
P17/CA 63 1/0 1/0O port 17 or RFC Capacitor
/RESET 64 I Reset. Internal pull high, active low.
BIASI 65 0 LCD bias voltage 1
BIAS2 66 0 LCD bias voltage 2
VDD 67 P Power supply.
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FUNCTION DESCRIPTION

[1] CPU
8-bit 6502 compatible

[2] RAM
256 bytes RAM, address from 0080H - 00FFH and 0180H ~ 01FFH Default stack pointer is 01FFH

[3] ROM
8Kbytes ROM, address from EOOOH to FFFFH
Program start/reset vector (cold start): FFFCH (Iow byte) and FFFDH(high byte)
Halt state wake up vector (warm start): FFFAH (Ilow byte).and FEFBH (high byte)
Interrupt vector: FFFEH (Iow byte) and FFFFH (high byte)

[4] /O PORT
The WT5041 has 4 ports (27 pins) each as follows:
> P30~P37 ; 8-bit input port (shared with OPA; BUZ & BUZB pin)
» P20~P27 ; 8-bit I/O port (shared with INTO to. INT7 &/CNT pin)
» P10~P17 ;8-bit I/O port (share with PWMO,PWM1,PWM2 & RFC)
» P00 ~P07 ;8-bit I/O port (shared with SEG25~SEG32)

PORT 0
PO0/SEG2S5 - 1/0 pin P00 & LCD segment 25
PO1/SEG26 - 1/0O pin P01/& LCD segment 26
P02/SEG27 - 1/0O pin P02 & LCD segment 27
P03/SEG28 - 1/0 pin P03 & LCD segment 28
P04/SEG29 - /0O pin P04 & LCD segment 29
P05/SEG30 - I/O pin P05 & LCD segment 30
P06/SEG31 - I/O pin P06 & LCD segment 31
P06/SEG32 - 1/O pin P06 & LCD segment 32

< Port PO (P00 ~ P07)
PO register (address $40); b7 ~ b0, Read/Write

Address | R/'W_| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
40H R/W_ | xxxxxB P07 P06 P05 P04 P03 P02 P01 P00

< Port PO segment & 1/O pott.control
POC register (address $44); b3 ~ b0, Write

Address | R/'W Initial Bit7 | Bit6 | Bit5 | Bit4 Bit3 Bit2 Bitl Bit0
44H W [ xxxx0000B | -- -- -- -- POSCHN POSCLN POHC POLC
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Bit Name Bit=0 Bit=1

POSCHN P04 ~ P07 1/Os P04 ~ P07 LCD segment

POSCLN P00 ~ P03 1/Os P00 ~ P03 LCD segment

POHC P07, P06, P05, P04 input

P07, P06, P05, P04 output

POLC P03, P02, P01, POO input

P03, P02, P01, POO output

Pin POn is low level Pin POn is drain status

POn(n=0~7)

POSCLN
POSCHN

ssemsm%
ouT
[ —
L—""

SEG25-32
POO-PO7

POLC
POHC

__Dn_.

POO ~POY

DATA IM

—3 > =

PORT 1

<>

<>

P10/PWMO — I/O pin P10 & PWMO (CMOS output)

P11/PWMI - I/O pin P11 & PWM1 (CMOS output)

P12/PWM2 —1/0O pin P12 & PWM2 (CMOS output)

P13/VR - I/O pin P13 & OPA VR (reference voltage)
P14/Ra - I/O pin P14 & thermistor sensor output for RFC Ra
P15/Rb - I/O pin P15 & humidity sensor output for RFC Rb
P16/Rs - I/O pin P16 & reference sensor output for RFC Rs
P17/Ca - I/O pin P17 & capacitor sensor output for RFC Ca

Port P1 (P10 ~P17)
P1 register (address $41); b7 ~ b0, Read

Address | R/'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2

Bitl

Bit0

41H R xxxxxB P17 P16 P15 P14 P13 P12

P11

P10

Port P1 pull high control (P10C1 ~ P17C1); Port P1 I/O control (P10c2 ~ P17C2);
POCT register (address $45); b7 ~ b0, Write
POC2 register (address $46); b7 ~ b0, Write

Address | R/IW Initial Bit7 | Bit6 | Bit5 | Bit4 Bit3 Bit2

Bitl

Bit0

44H W | xxxx0000B | -- -- -- -- POSCHN POSCLN

POHC

POLC
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Bit Name Bit Value
PImC2, PImC1 P1mC2=1,P1mC1=1: P1m pin output port high level
(m=0~7) P1mC2=1,P1mC1=0: P1m pin output port low level
P1mC2=0,PImC1=1: P1m PWMO/PWM1/PWM2/REC output
PImC2=0,P1mC1=0: P1m input with pull high
Pln P1n=0: Pin P1n is low leyel input
(n=0~7) Pln=1: Pin Pln is high level input
FYWRCY P YR I FYYRAZ _Clr
RFCZ
>
DATA - —~ D_‘ A
WRITE —_ 1. %‘
P10 ~FP17: —_
READ LI D
P10~P17 —
Q { F10~F1T
WRITE : °
FP1DC2~FP 1722 =
RESET

< RFC control (P14C1 ~P17C1 & P14C2 ~P17C2, RFCMD1/RFCMDO,RHT I/RHTO)

RFCTL register (address $4F); b7 ~b5 & b3 ~ b0, Write

Address | R/'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
4FH W | 00000000B | WDT2 | WDT1 | WDTO -- | RABS1 | RABSO| RFCMDI1| RFCMD0
Bit Name Bit Value
(P14C2~P17C2=0 & P14C1~P17C1=1)

RFCMDI1 00 | Disable RFC 16 bit counter
RFCMDO 01 | Mode 1: S/W control CA signal i/p to 16 bit counter

10 | Mode 2: Timer2 control CA signal i/p to 16 bit counter

11 | Mode 3: CA signal control Timer2 i/p to 16 bit counter
RABSI1 01 | Enable RA circuit
RABS0 10 | Enable RB circuit

11 | Enable RS circuit
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I RABS1,0=11
_AAA D ‘ | RFOMD1,0=11
[ CA SIGNAL
RS .

ENABLE

16 BIT COUNTER

CLKIN

RFCMD1,0=01

B
> 0 D s
B

CA CA
I ] INTRFC

TIMERZ FREQUENCY —_—
OVERALOW
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Lyl

1. Model (RFCMDI=0,RFCMDO0=I): Enable/Disable the counter by Software
The clock input of 16-bit.counter comes from the CA pin & is enable/disable by the S/W. While set the RFCMDI=0 &
RFCMDO-1 the counter start to count the pulse input from CA pin, until set the RFCMDI=0 & RFCMDO0-0. If counter is
overflow it will be stop autematically & INTRFC will be set to 1.

2. Mode2 (RFCMDI-1 ,RFCMDO0=0): Enable/Disable the counter by Timer 2
Timer 2 controls counter. When Timer 2 is enabled the counter start operate until Timer 2 underflow occurs.

REFC 1. 0=10 REFCMDL, O=00
RFCMDO |

RFCMD1
*
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Enacls ry
. .
..............
.
rrven = mmam K <
. .
.
Cotmbar — | e— — je— g1 4% 4 ¥ e W a
Contant - = '3 = B e e eaaaa Moy )(;;x...:l.

S N AN A g A O | : [
— : 1

Countar S=tart Countar Stop cauca
to Count Ey TIMERZ undarflow
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3. Mode3 (RFCMDI:I ,RFCMDO:I ): Enable/Disable the counter by CA Signal CA signal rising edge controls counter.
When 1* CA rising edge the counter start to operate until 2na CA rising edge occurs

RFCIM =11 Q=00
REFCHMDO |

REFCMDL

Counbsrc I I
Enabls
r L
— R
= . !
soupter S S <
—onbkante =] 1 =2 S e e w2 momeamem BT — 1 IT 4+ 1

. .
TIMER = * *
muto-Raload . .
FraJgusnckt 1 1 L | I ' | 2 I
. -
L]
INTREC * I |

. Counter Etop
Countesr Etarct caunsa by Ch 2Znd
to Count rioing =ages

PWM; when P1nC2=0, P1nC1=1: P1n is PWMn output function (n=0~2) Build in 8MHz (*@VDD=5V) ring oscillator
PWM frequency = 8MHz/32

PWMBUZ register (address $4B); b5 ~b0, Write

Address | R/'W Initial Bit7 | Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
4BH W | xx000000B | -- =< EPWM2 | EPWMI | EPWMO EVNI EVNO BUZ0

PWMO,PWM1,PWM?2 register (address $4C,$4D,$4E); b7 ~ b0, Write
Address | R/'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
4CH \\% 0000000B | PWMO7 | PWMO06 | PWMO05 | PWMO04 | PWMO03 | PWMO02| PWMO1| PWMOO

4DH W | 0000000B | PWM17 | PWMI16 | PWMI5 | PWM14 | PWMI13 | PWMI12| PWMI11| PWMI0

4EH W | 0000000B | PWM27 | PWM26 | PWM25 | PWM24 | PWM23 | PWM22| PWM21| PWM20

Bit Name Bit Value
PWMO07 ~ PWMO0 Select 0/32 to 31/32 duty cycle
PWMI17 ~PWMI10 00000xxx: duty cycle = 0/32
PWM27 ~ PWM20 00001xxx: duty cycle = 1/32

11110xxx: duty cycle = 30/32
11111xxx: duty cycle =31/32
EPWM?2, EPWMI1, EPWMO Enable corresponding PWM output: (PWM2, PWM1, PWMO)

The corresponding PWM register controls the PWM duty cycle. Duty cycle range is from 0/32 to 31/32.
LSB 3-bit of PWM register determines which frame will be extended two Tosc.

000:mo extended pulse.

001: extend two Tosc at frame 4.

010: extended two Tosc at frame 2 and 6.

011: extended two Tosc at frame 2, 4 and 6.

100: extended two Tosc at frame 1, 3, 5 and 7.

101: extended two Tosc at frame 1, 3, 4, 5 and 7.

11
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110: extended two Tosc at frame 1, 2, 3, 5, 6 and 7.
111: extended two Tosc at frame 1,2, 3,4, 5, 6 and

MSB 5-bit of PWM register determines 0/32 to 31/32 duty cycle in each frame.

|-=-r— rarmeck- =-|-=- F rarmes 1 == |-=- F rarmeea - =-I-=- F rarn-cra-:-—l-:- F rarma -=-I-=- F rarrrnﬁ-:-—l-:-r— rarnnﬁ-:—l-:-r— rarmoT -=-|

Ff B CeDD| SeDeDely T T | |
- k- =1 F- = = =1 k- =1 k- =1 k- -1 =1 E-
Froma ST omar Froma ST o Froma ST o 3T om ST o
F B S DDl T | |
- k- =1 F- = F- =1 k- =y = =1 k- =l k- =1 k-
Froma ST omar Froma ST o 41T e ST o T om ST o
F R OoD ] S D I I | I I I | |
- - . k- | - = - = - = - - k- = -
&1 T 4 T L= 1 A T &1 T 4 Toms: oo AT oma:
3 lom _+
348 T oma I

PWM output waveform

PORT 2
P20/INTO — I/O pin P20 & interrupt 0
P21/INT1 - I/O pin P21 & interrupt 1
P22/INT2 — I/O pin P22 & interrupt 2
P23/INT3 — I/O pin P23 & interrupt 3
P24/INT4 — /O pin P24 & interrupt 4
P25/INTS5 — I/O pin P25 & interrupt 5
P26/INT6 — I/O pin P26 & interrupt 6
P27/INT7/CNT — /O pin P27 ,interrupt 7 & counter

< Port P2 (P20 ~ P27)

P2 register (address $42); b7 ~ b0, Read
Address | R/'W Initial Bit7 | Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
4BH R xxxxxxxxB | P27 | P26 P25 P24 P23 P22 P21 P20

Port P2 pull high control (address $47, $48); b7 ~ b0, Write

Address | R/'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

47H W /| 00000000B |.P27C1 | P26C1 | P25C1 | P24C1 | P23Cl1 P22C1 | P2IC1 | P20Cl1
\\

48H 00000000B /| P27C2 | P26C2 | P25C2 | P24C2 | P23C2 | P22C2 | P2I1C2 | P20C2
BitName Bit Value
P2mC2, P2mCl1 P1mC2=1,P1mC1=1: P2m pin output port high level
(m=0 ~7) P1mC2=1,P1mC1=0: P2m pin output port low level

P1mC2=0,P1mC1=1: P2m input without pull high

PImC2=0,P1mC1=0: P2m input with pull high
P2n P1n=0: Pin P2n is low level input

(n=0~7) P1n=1: Pin P2n is high level input

12
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3
DATA =] a

WIRITC :

PZOCT-PZPC =
RCAD
P2E-P2T—T

P2o~P27
INTE- INTT
WIRITC . ?
PZOCEZ-PZTCE -
RLCSCT |
"] " [; [ :
'\.-“I "u
CHINTa~CMINTT -
INTa~INTF - ~J/|
H
<> INT pin control (INT7 ~ INTO)
INTENO register (address $54); b7 ~ b0; Write
INTFLGO register (address $54); b7 ~ b0, Read
Address | R/'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
54H W | 00000000B | ENINT | ENINT | ENINT | ENINT | ENINT | ENiNT2| ENINTI1| ENINTO

7 6 5 4 3
54H R 00000000B | INT7 INT6 INTS INT4 INT3 INT2 INTI INTO

Bit Name Bit=0 Bit=1
EINTn (n:0~7) INTn pin interrupt disable INTn pin interrupt enable
INTn (n=0~7) No INTn pin interrupt INTn pin interrupt happened

TWOKMD1 ENINTF
TWMOMDZ
INTF <

F2FAMNTFCNT

CMNT to TIMERD

Ay

13
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PORT 3
P30/0OP1N - I/O pin P30 & OP amp IN1
P31/0OP2N - I/O pin P31 & OP amp IN2
P32/0OP3N - I/O pin P32 & OP amp IN3
P33/0OP10 - I/O pin P33 & OP amp O1
P34/0P20 -1/0 pin P34 & OP amp 02
P35/0P30- 1/0O pin P35 & OP amp 03
P36/BUZ - 1/0 pin P36 & Buzzer output
P37/BUZB - 1/O pin P37 & Buzzer Bar output

< Port P3 (P30 ~ P37)

P3 register (address $43); b7 ~ b0, Read

Address | R‘'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
43H R xxxxxxxB P37 P36 P35 P34 P33 P32 P31 P30

< Port P3 I/O control (P30C2 ~ P37C2) ; Port P3 pull high control (P30C 1 -P37C 1)
P3C1, P3C2 register (address $49, $4A); b7~ b0, Write

Address | R/'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
49H W | 00000000B | P37Cl1 P36C1 P35C1 P34C1 P33Cl1 P32Cl1 P31Cl1 P30C1
W

4AH 00000000B | P37C2 | P36C2 | P35C2 | P34C2 | P33C2 P32C2 | P31C2 | P30C2
Bit Name Bit Value
P3mC2, P3mCl1 P3mC2=I ,P3mC1 =1: P3m pin output high level
(m=0-7) P3mC2=I ,P3mCI=0: P3m pin output low level

P3mC2=0,P3mCI=I: BUZ or OPA function

P3mC2=0,P3mCI=0: P3m input with pull high
P3n P3n=0: Pin P3n is input low level

(n=0-7) P3n=1: Pin P3n s input high level

5

BUZ ¢ OFA

WRITE

P30C1~P37C1 =
READ = N
P30~P3 |
1 Fap~Pa7

WRITE
P30C2~PATC2

DATA e @ D_‘ i |

RESET
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< BUZ; when P36C2=0, P36C1=1: P36 is buzzer output function
<~ BUZB; when P37C2=0, P37C1=1: P37 is buzzer bar output function
PWMBUZ register (address $4B); b5 ~ b0, Write
Address | R‘'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
4BH W | xxx00000B - - EPWM2 | EPWMIL | EPWMO EVNI1 | EVNO | BUZ0
Bit Name Bit Value
BUZ0 BUZ0=0 4KHz frequency
BUZ0=1 2KHz frequency
EVNI, EVNO EVNI1=0, EVNO0=0 1Hz envelope
EVN1=0, EVNO=1 2Hz envelope
EVNI1=1, EVN0=0 4Hz envelope
EVNI=1, EVN0O=1 Hi, no envelope

e LB ]
A E—

PR
=1 Ee—

D_._ Lz
=
=1 = PR
41 b=
Sl I e—
— e

Ex 1 EMATJ0

< OPA control (P30C1/P30C2 ~ P35C1/P35C2 & HRTC)
OPCTL register (address $58); b4 ~ b0, Write

Address | R/'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
58H W | 0000000B LVL1 LVLO GAIN1| GAINO| HRTC
Bit Name Bit Value
P35C2 ~ P30C2 =0 HRTC=0
P35C1~P30C1 =1 OPA & EDGE DETECT CIRCUIT DISABLE
OPA function enable HRTC=1
OPA & EDGE DETECT CIRCUIT ENABLE
LVLI1 & LVLO 00 | 36/40 Vdd (max.)
OPA Voltage level 01 | 34/40 vdd
control 10 | 32/40 vVdd
11 | 28/40 Vdd (min.)
GAIN1 & GAINO 00 | 1% OPA Gain=10, 2™ OPA Gain=2(min.)
OPA Gain control 01 | 1** OPA Gain=20, 2™ OPA Gain=2
10 | 1** OPA Gain=10, 2™ OPA Gain=5
11 | 1% OPA Gain=20, 2™ OPA Gain=5(max.)
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[ 5] CLOCK SOURCE

The 32768Hz crystal oscillator generates the system clock bit of POWRMAN register could stop the oscillation.

[6] TIMER/COUNTERS

WT5041 has one 16-bit counter/timer, namely system time base use, namely TIMER1 & TIMER2.

TIMER 0
Timer 0 is a 16-bit up/counter with two 8-bit output registers and a 3-bit prescaler. TMOL is Iow byte register and
TMOH is the high byte register. The prescaler is a clock divider that can divide 32768Hz by controlled PS02, PSO01,
PS00. TMOM2 and- TMOM1 bits control four operating modes of TIMER 0.

< Mode 0 (TMOM2=0; TMOMI=0) (Disable mode)
Counter is disabled. In this mode CNT pin function is disable. Only either P27 or INT7 pin function are available.

< Mode 1 (TMOM2=0, TMOMI=I) (Counter mode)
It can count pulses from CNT input pin. The counter uses positive edge trigger (XORO0=I) or negative edge trigger
(XOR0=0).
Reading TMOH can load the counter value into TMOL and TMOH. After the counter value is read from TMOH, the
counter is reset to 0.
If the counter overflows, the INTMO bit will be set and generate an interrupt if ENTMO bit is 1.
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< Mode 2 (TMOM2=I, TMOMI=0) (Reed switch mode)
It can count time interval between two pulses from CNTO pin. Every positive edge (XORO0=I) or negative edge
(XOR0=0) will save the counter value in TMOL and TMOH, generate an interrupt (INTMO), and reset the counter.
The clock of the counter is from the 3-bit prescaler, which can divide 32768Hz by controlled PS0,, PS0,, PSO0,.
The time interval is calculated by:
Time interval - (16-bit counter value)x (3-bit prescaler value) x (1/32768)
If the counter overflows the INTMO bit will be set and interrupt occur if ENTMO bit is 1.

< Mode 3 (TMOM2=I, TMOMI=I) (16 bit free-run timer mode)
The Same as mode 2; except reading TMOH resets the signal. The clock of the counter is from the 3-bit pre-scaler that
can divide 32768Hz by controlled PS02, PSO1 and PS00. If the counter overflows, the INTMO bit will be set and
generate an interrupt if ENTMO bit is 1.
In this free-run timer mode, if ENTMO bit is set to "1" in CPU halt state, the NTMO interrupt can reset the HALT bit
and let CPU continue working (warm start).
In this mode CNT pin function is disable. Only either P27 or INT7 function are available.

In mode 1 & 2, if ENTMO bit is set to "1" in halt state, a positive edge (XORO0-"1") or falling edge (XOR0="0") from
CNT pin can reset the HALT bit and let CPU continue working (warm start)..

TMOC register (address $50); b5~b0, Write
TMOL register (address $50); b7~b0, Read

Address | R‘'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
50H W | 00H XOR1 T™MOM2 | TMOMI PS0, PS0, PS0o
50H R | XxH CT0, | CTOq CTOs CTO0, CTO0, CTO0, CTO0, CTO0,

TMOH register (address $51); b7~b0, Read

Address | R‘'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0

51H R | XxH CT0y5 | CTO, CT0,4 CT0,, CT0,, CT0,, | CTO, CTO0y
Bit Name Bit=0 Bit=1
XORO Set counter 0 is triggered by negative Set counter 0 is triggered by positive edge.

TMOM2,TMOMI1 Timer0/CounterOcontrol bits.

00: counter is disabled. (Disable mode)

01: count pulses from CNTO input. (Counter mode)
10:measure time interval between two pulses input from CNTO. (Reed switch mode)
11: internal timer with prescaler. (16 bit free-run timer mode)
Prescaler of TIMERO

000: 32768Hz divide by 1.

001: 32768Hz divide by 2.

010: 32768Hz divide by 4.

011: 32768Hz divide by 8.

101: 32768Hz divide by 32.

110: 32768Hz divide by 64.

111: 32768Hz divide by 128.

Timer(/Counter( output value.

PS02 ~ PSOo

CTO015 - CT0o
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CNT to TIMERO %
TIMER 1

Timer 1 is an 8-bit down counter with a reload register TMLD1. To set data in timer 1 first write data in TMLD1 and it
will automatically transfer to timer 1. Timer 1 start counting when data is set in timer 1. Once the counter counts down
to zero, when next clock is input, the timer 1 interrupt flag (INTM1) is set to "1", new data is loaded from TMLD1, and
count continues. If the value set in TMLDI1 is' N, timer 1 interval is N/3-bit prescaler frequency (N=I to 255).

TM12C register (address $51); b7 ~ b0, Write

Address | R/W [ Initial Bit7 | Bit6 Bit5 Bit4 Bit3 Bi2 | Bitl Bit0
51H W | 00H — % PS1, PSI, PSI, PS2, | PS2, | Ps2,

TMLD1 register (address $52); b7-b0, Write

Address| R/W | Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
52H W | 00H TMLDI,| TMLDI1,| TMLD1;| TMLD1,| TMLD1,] TMLD1,| TMLDI1,| TMLDI,

Bit Name Bit value
™, ~TM, Timer 1 data.
PS1, ~PS1, Prescaler of TIMERI1.

000: 32768Hz divide by 1.
001: 32768Hz divide by 2.
010: 32768Hz divide by 4.
011: 32768Hz divide by 8.
100: 32768Hz divide by 16.
101: 32768Hz divide by 32.
110: 32768Hz divide by 64.
111: 32768Hz divide by 128.

TIMER 2
Timer 2 is 'an 8-bit down counter with a reload register TMLD?2. To set data in timer 2, first write data in TMLD2 and
it will automatically transfer to timer 2. Timer 2 start counting when data is set in timer 2. Once the counter counts
down to zero, when next clock is input, the timer 2 interrupt flag (INTM?2) is set to "1", new data is loaded from
TMLD?2, and count continues. If the value set in TMLD2 is N, timer 2 interval is N/3-bit prescaler frequency (N-1 to
255).
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TM12C register (address $51); b7 ~ b0 , Write
Address | R'W Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
51H W | 00H - - PS1, PS1, PS1, PS2, PS2, PS2,
TMLD?2 register (address $53); b7-b0, Write
Address R/W | Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
s2H | W |o0oH | TMLD2,] TMLD2,| TMLD2,] TMLD2,] TMLD2,] TMLD2,| TMLD2,| TMLD2,
Bit Name Bit value
TMLD2, ~ TMLD?2, Timer 1 data.
PS2, ~ PS1, Prescaler of TIMER?2.

000: 32768Hz divide by 1.
001: 32768Hz divide by 2.
010: 32768Hz divide by 4.
011: 32768Hz divide by 8.
100: 32768Hz divide by 16.
101: 32768Hz divide by 32.
110: 32768Hz divide by 64.
111: 32768Hz divide by 128.

[7] REAL TIME CLOCK (2Hz TIMER)

WT5041 has a 2Hz real timé clock source, When EN2HZ set NT2HZ will be set every 2Hz. After reading INT2HZ
this flag will be reset NT2HZ can reset the HALT bit and let CPU continue working (warm start)

INTENI register (address $55); b5~b0; Write
INTFLGI reclister (address $55); b5~b0, Read

Address) R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
55H W | 00000H - - EN2HZ | ENTM2| ENTMI1| ENTMO | ENOPA | ENRFC
55H | R 00000H - -- INT2HZ| INTM2 | INTMI1 | INTMO | INTOPA | INTRFC

Bit Name Bit=0 Bit=1

EN2HZ 2Hz wake up flag disable 2Hz wake up flag enable

INT2HZ 2Hz wake up flag reset 2Hz wake up flag set

[ 8 ] WATCH-DOG TIMER

Watchdog timer is controlled by WDTRFC. It will generate reset while the timer reach 0.5 sec, 1 sec, 2 sec or 4 sec.

Setting 0 in CLRWDT also can disable it. Every time when writing a value to this register will reset the watch-dog

timer
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WDTRFC register (address $4F); b7 ~ b0, Write
Address R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
4FH W | 00000B | WDT2 WDTI1 WDTO - RABSI1 [ RABSO | RFCMDI1| RFCMDO0
Bit Name Bit value
WDT2, ~ WTDT, 0xx: Watch-dog timer is disabled
100:4 second.
101:2 second.
110:1 second.
111:0.5 second.
CLRWDT register (address $57); b7 ~ b0, Write
Address R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
57TH W | xxxxxB WDT?2 WDTI1 WDTO == RABSI1 RABSO | RFCMDI1| RFCMDO0

[9 ] INTERRUPT

All the interrupt sources use the CPU's IRQ interrupt vector (FFFEH and FFFFH) at normal mode. And use the CPU's FFFBH)
at halt mode. Each interrupt source could enable by setting the individual enable bit. Write any data to INT CLR register
($59H) will clear all the interrupt flags.

INTENO register (address $54); b7~b0, Write
INTFLGO register (address $54); b7~b0, Read.

Address] R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
54H W | 00000H | ENINT7 | ENINT6| ENINTS| ENINT4| ENINT3| ENINT2| ENINTI1 | ENINTO
54H R | xxxxxH INT7 INT6 INTS INT4 INT3 INT2 INT1 INTO

INTENTI register (address $55); b5~b0, Write
INTFLGI register (address $55); b5 ~ b0, Read

Address| R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
55H W | 00000H EN2HZ | ENTM2| ENTMI1| ENTMO | ENOPA | ENRFC
55H R | xxxxxH INT2HZ| INTM2 | INTMI1 | INTMO | INTOPA | INTRFC

Bit Name Bit=0 Bit=1

EN2HZ Disable 2HZ interrupt. Enable 2HZ interrupt.

ENTMO Disable TMO interrupt. Enable TMO interrupt.

ENTM1 Disable TM1 interrupt. Enable TM1 interrupt.

ENTM?2 Disable TM2 interrupt. Enable TM2 interrupt.

ENOPA Disable OPA interrupt. Enable OPA interrupt.

ENRFC Disable RFC interrupt. Enable RFC interrupt.

ENINTn Disable INTn pin interrupt. Enable INTn pin interrupt (n=0-7)

INT2HZ No 2Hz interrupt 2Hz interrupt

INTMO No TMO interrupt TMO interrupt

INTM1 No TM1 interrupt TM1 interrupt

INTM2 No TM2 interrupt TM2 interrupt

INTOPA No OPA interrupt OPA interrupt

INTRFC No RFC interrupt RFC interrupt

INTn No INTn pin interrupt INTn pin interrupt (n=0 ~ 7)
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INTCLR register (address $59); b7 ~ b0, Write

Address) R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
S9H W | xxxxxH -- -- -- -- -- -- -- --

Setting 0 in INTCLR can clear all of the interrupt flag.

[ 10 ] POWER DOWN MODE
POWRMAN register (address $56); b5 ~ b0, Write

Address| R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
56H W | xxx00B -- -- -- -~ -= -- OFF HALT
Bit Name Bit=0 Bit=1
OFF No action. Stop the oscillator and go to off state.
HALT No action. Stop the CPU and go to halt state.
HALT MODE

The HALT bit could halt the CPU operation. If any wake up. signal is active, it will reset the HALT bit and let CPU
continue working. This is called warm start. The program will execute the CPU's NMI routine (use vector stored in
FFFAH and FFFBH).

HALT mode release signal sources:

(1) TimerO is overflow or CNT match and ENTMO="1"

(2) Timerl1 is underflow and ENTMI="1"

(3) Timer2 is underflow and ENTM2="1"

(4) A falling edge on INTO pin when ENINTO="1"

(5) A falling edge on INT1 pin when ENINTI="1"

(6) A falling edge on INT2pin when ENiNT2="1",

(7) A falling edge on INT3 pin when ENINT3="1",

(8) A falling edge on INT4 pin when ENINT4="1",

(9) A falling edge on INTS pin when ENINTS5="1"

(10) A falling edge on INT6-pin when ENINT6="1"

(11) A falling edge on INT7 pin when ENINT7="1"

(12) OPA counter overflow or counter match and ENOPA="1"

(13) RFC counter overflow or counter match and ENRFC="1"

(14) 2Hz come and EN2HZ="1"

OFF MODE
When OFF bit is "1", it goes Off mode immediately. The oscillator, LCD driver, and CPU are all disabled.
If‘reset pin' goes low or any wake up signal is active, the whole chip will be reset. This is called cold start. The
program will execute the CPU's Reset routine (use vector stored in FFFCH and FFFDH). Only the contents in RAM
are not affected.

OFF mode wake up signal sources:
(1) A falling edge on INTO pin when ENINTO="1"
(2) A falling edge on INT1 pin when ENINTI="1"
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(3) A falling edge on INT2 pin when ENINT2="1"
(4) A falling edge on INT3 pin when ENINT3="1"
(5) A falling edge on INT4 pin when ENINT4="1"
(6) A falling edge on INT5 pin when ENINTS-"1"
(7) A falling edge on INT6 pin when ENINT6="1"
(8) A falling edge on INT7 pin when ENINT7="1"

EMINTO. | 1o “n

INTO . HALT MODE
ENINTL.___ ELEASE
INT1 (WARM START)
ENINTz ]

INT=

ENINTZ ]
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ENTNTE ] —rrra
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INTMY :

ENTIME TIMERZ

INTME

ENINIGES ] J— <

INTOER : INTERRUPT
ENEED ] - <
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ENzEE ] . <

INTZHZ J

[11] LCD DRIVER/CONTROLLER

The WT5041 contains-128 segments LCD driver/controllers and it has circuit that directly drives the Liquid Crystal Display
(LCD) and its control circuit.

The WT5041 has the following connecting pins with

(1) Segment output 32 pins (SEG1-SEG32)

(2) Common output 4 pins (COM1-COM4)

in addition, Bias1 and Bias2 pins are bias voltage input pins to drive the LCD and should be connected with 0.01uF capacitors.
The devices that can be directly driven is selected for LCD drivers of following drive methods:

(1) 1/4 duty (1/3 bias) LCD... Max. 128 segments (8 segments X 16 digits)

(2) 1/3 duty (1/3.bias) LCD... Max. 96 segments (8 segments X 12 digits)

(3) 1/3 duty (1/2 bias) LCD ... Max. 96 segments (8 segments X 12 digits)
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(4) 1/2 duty (1/2 bias) LCD ... Max. 64 segments (8 segments X 8 digits)
Control of LCD Driver
Address| R/W| Initial Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
10H W | xxx00B - - - LCDON| LCDONTI | LCDONTO DTY1 | DTYO
Bit Name Bit Value | Function
DTY1, DTYO 00 1/4 duty. 1/3bias LCD PANEL
Duty & Bias 01 1/3 duty. 1/3bias LCD PANEL
Selection 10 1/3duty, 1/2bias LCD PANEL
11 1/2dutv. 1/2bias LCD PANEL
LCDONT1 00 Full time turn on
LCDONTO 01 1/4 cycle scan time turn on
LCD turn on 10 1/8 cycle scan time turn‘on
scan time 11 1/16 cycle scan time turn on
LCDON 0 LCD turn off
1 LCD turn on
Frame Frequency (32 ~128Hz)
Base Freq. 1/4 Duty 1/3 Duty 1/2 Duty
Fs /256 Fs/256 4/3 * Fs /256 4/2 * Fs /256
Fs =32KHz f=128 Hz f=170 Hz =256 Hz
LCD Display Operation

The display data stored to the display-data area are read automatically and sent the LCD driver by the hardware. The

LCD driver generates the segment signals and common signals in accordance easily by overwriting the contents of

the display data area with/a program

DISPLAY DATA AREA

Write the following assigned area

SEG1-SEG8 SEG9-SEG16 SEG17-SEG24 SEG25-SEG32
COM1 DDAL11 ($00) DDA12 ($01) DDA13 ($02) DDA14 (503)
COM2 DDA21($04) DDA22 (305) DDA23 ($06) DDA24 ($07)
COM3 DDA31 ($08) DDA32 ($09) DDA33 ($0A) DDA34 ($0B)
COM4 DDA41 ($0C) DDA42 ($0D) DDAA43 (SOE) DDA44 (S0F)
1/4 DUTY COM4 COM3 COM2 COM1
1/3 DUTY . COM3 COM2 COMI
1/2 DUTY A K Ak COM2 COMI

23




® Jess Technology Co., Ltd.

WT5041

B Ok M KA R o) . . o
8-bit pC with Heart Rate Detect Circuits
Version 1.01
[12] I/O REGISTER ADDRESS MAPPING
NAME ADDR| R/W D7 D6 D5 D4 D3 D2 DI DO
DDAl $00 R/W B7 B6 B5 B4 B3 B2 Bl B0
DDAI12 $01 R/W B7 B6 B5 B4 B3 B2 Bl B0
DDA13 $02 R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA14 $03 R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA21 $04 R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA22 $05 R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA23 $06 R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA24 $07 R/W B7 B6 B5 B4 B3 B2 Bl B0
DDA31 $08 R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA32 $09 R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA33 $0A R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA34 $0B R/W B7 B6 B5 B4 B3 B2 Bl BO
DDA41 $0C R/W B7 B6 B5 B4 B3 B2 Bl BO
DDAA42 $0D R/W B7 B6 B5 B4 B3 B2 Bl B0
DDA43 SOE R/W B7 B6 BS B4 B3 B2 Bl BO
DDA44 $OF R/W B7 B6 B5 B4 B3 B2 Bl BO
LCDC $10 \\ - - - LCDON LCDONTI1 LCDONTO DTY1 DTYO
PO $40 R/W P07 P06 P05 P04 P03 P02 PO1 P00
P1 $41 R P17 P16 P15 P14 P13 P12 P11 P10
P2 $42 R P27 P26 P25 P24 P23 P22 P21 P20
P3 $43 R P37 P36 P35 P34 P33 P32 P31 P30
POC $44 W - - - - POSCHN POSCLN POHC POLC
P1C1 $45 w P17C1 P16C1 P15C1 P14C1 P13C1 P12C1 P11C1 P10C1
P1C2 $46 A\ P17C2 P16C2 P15C2 P14C2 P13C2 P12C2 P11C2 P10C2
P2C1 $47 A\ P27C1 P26C1 P25C1 P24C1 P23C1 P22C1 P21C1 P20C2
P2C2 $48 A\ P27C2 P26C2 P25C2 P24C2 P23C2 P22C2 P21C2 P20C2
P3Cl1 $49 \ P37C1 P36C1 P35C1 P34C1 P33C1 P32C1 P31C1 P30C1
P3C2 $4A w P37C2 P36C2 P35C2 P34C2 P33C2 P32C2 P31C2 P30C2
OPCNTL $4B R OPCNT7/| OPCNT6 | OPCNTS5| OPCNT4| OPCNT3 OPCNT2 OPCNT1 OPCNTO
PWMBUZ $4B A\ - - EPWM?2 EPWMI1 EPWMO EVNI1 EVNO BUZ0
OPCNTH $4C R OPCNTI15|" OPCNT14| /OPCNT13| OPCNTI12| OPCNTI1 OPCNTI0 OPCNT9 OPCNTS
PWMO $4C W PWMO7 PWMO06 PWMO5 PWMO04 PWMO03 PWMO02 PWMO1 PWMO00
RFCNTL $4D R RFECNT?7 RFCNT6 | RFECNTS RFCNT4 RFCNT3 RFCNT2 RFCNTI1 RFCNTO
PWMI1 $4D \\ PWM17 PWMI16 PWMI15 PWM14 PWM13 PWMI12 PWMI11 PWMI10
RFCNTH $4E R RFCNT15| RFECNTI14| RFCNT13 | RFCNTI12| RFCNTI1 RFCNTI10 RFCNT9 RFCNT8
PWM2 $4E \\ PWM27 PWM26 PWM25 PWM24 PWM23 PWM22 PWM21 PWM20
WDTRFC $4F \\ WDT2 WDTI1 WDTO - RABSI1 RABSO RFCMDI1 RFCMDO
TMOC $50 \\ - - XORI1 TMOM?2 TMOM?2 PS02 PSO1 PS00
TMOL $50 R CTO07 CT06 CTO05 CT04 CTO03 CT02 CTO1 CT00
TM12C $51 W - - PS12 PS11 PS10 PS22 PS21 PS20
TMOH $51 R CTO015 CTO014 CTO013 CTO012 CTO11 CTO010 CT09 CTO08
TMLDI1 $52 W TMLD17 TMLDI16| TMLDI5| TMLDI14 TMLD13 TMLDI12 TMLDI11 TMLDI10
TMLD2 $53 \W TMLD27 | TMLD26| TMLD25 TMLD24| TMLD23 TMLD22 TMLD21 TMLD20
INTENO $54 W ENINT? ENINT6 ENINTS ENINT4 ENINT?3 ENINT?2 ENINT1 ENINTO
INTFLGO $54 R INT7 INT6 INTS INT4 INT3 INT2 INT1 INTO
INTEN1 $55 W - - EN2HZ ENTMI1 ENTMO ENTMO ENOPA RMTGV
INTFLG1 $55 R - - INT2HZ INTM1 INTMO INTMO INTOPA INTRF
POWRMAN| $56 W - - - - - - OFF HALT
CLR_WDT $57 W = - - - - - - -
OPCTL $58 \ - - - LVLI1 LVLO GAIN1 GAIMO HRTC
INTCLR $59 W - - - - - - - -
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[ 13 ] ELECTRICAL CHARACTERISTICS
ABSOLUTE MAXIMUM RATINGS (V= 0V)
PARAMETER SYMBOL RATING UNIT
DC Supply Voltage Vad -0.5 ~+7 \
Input Voltage Range Vi -0.5~VDD + 0.5 \
Operating Temperature T oo 0~+70 °C
Storage Temperature Tye =50 ~+150 °C
ELECTRICAL CHARACTERISTICS (Vi = 0V, T,,, = 0 to 70 °C)
PARAMETER SYMBOL Min. Typ. Max. Unit CONDITIONS
Operating Voltage Va - 5.5 v
Operating Current I, 1 mA
Standby Current (HALT) | P - 8 LA LCD turn on, V4=3.0V
Standby Current (OFF) Tos - 1 nA Vi=3.0V
X’tal OSC frequency | S 32.768 KHz V4i=3.0V
Ring Oscillator Frequency Fros 8 MHz Vy=3.0V
PWM Output L, 5 mA Vyi=3.0V
Vi=2.0V
PWM Output I, 5 mA Vi=3.0V
V,=0.8V
Input High Level Vi 2.0 \Y V4i=3.0V
Input Low level Vi 0.8 \Y V=3.0V
Output High Source Current I, 300 LA Vi=3.0V
V=24V
Output low sink Current I, 1.0 mA Vi=3.0V
V,=0.8V
CPU Clock Fou KHz F i =F 0 @3.0V
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