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CHAPTER 1: OVERVIEW

CHAPTER 1 OVERVIEW

The S1C62M20 is a CMOS 4-bit single-chip microcomputer made up of the 4-bit core CPU S1C6200A, ROM
(1,536 words, 12 bits to a word), RAM (128 words, 4 bits to a word), dual slope type A/D converter,
attenuator circuit for various measurement modes, LCD driver, serial interface, and other circuits. It is
especially suitable for measurement and LCD display systems such as a digital multimeter.

1.1 Features

CMOS LSI 4-bit parallel processing

ClOCK e 32.768 kHz (Typ.)
Instruction set........ccccvvvverninenn. 100 types

Instruction execution time ........ 153 psec, 214 psec, 366 psec
ROM capacity.........cccveeeeevennnnn. 1,536 words x 12 bits

RAM capacity .........ccceeveeevennnnen. 128 words x 4 bits

A/D converter ........coocveeeeevennnnn. Dual slopetype

Resolution : Conversion time (2 stages)
4,370 counts : 400 msec
A/D conversion precision: +0.1% (operating temperature range: 20°C to 40°C)
441 counts : 100 msec (High speed mode)
3integral resistors can be connected
Current, voltage and resistance can be measured
AC voltage/AC current can be measured using an external rectifier circuit
Continuity check mode built-in (measurement value can be displayed)
Reference voltage generation circuit built-in

INPUL POt ..., 8 hits (pull down resistors can be supplemented by mask option)

Output Port .......occvveeeeeiiiieeee. 4 bits

Buzzer output .........cccceeevrnnen. 2ports(BZ, BZ) [1system]

/O POt oo 4 bits

Serial interface .............cccvveee.. 1 port for datainput
1 port for data output J These ports can be switched to general 1/0O port
1 port for clock input/output

LCD driver ....cceeeeeviiiieree e, 16 segments x 3 or 4 commons (can be switched using software)

LCD drive voltage generation circuit built-in (VL1, VL2, VL3)
Compatible with 3V LCD panel

TIME (i Built-in

Watchdog timer .............ccooueee. Built-in

SVD CirCUIt ..ooveeiiiieee e 23x015V

(supply voltage detection)

External interrupt..........c.cc.cveee.. Input port interrupt: 2 systems

Internal interrupt ..........cccccoveee. A/D interrupt: 1 system
Timer interrupt: 1 system
Serial interface interrupt: 1 system

Supply voltage..........cccceeevieens 3V (215Vto35V)

Current consumption (Typ.) ..... During HALT: 3PA  (3V)

During A/D operation: 0.9mA (3V,in DC measurement)
1.1mA (3V,in AC measurement)

Package ......cccoccceevviiieieeii, QFP5-80pin (plastic/ceramic), QFP14-80pin (plastic) or chip

S1C62M20 TECHNICAL MANUAL EPSON 1



CHAPTER 1: OVERVIEW

1.2 Block Diagram

0OsC1
0sC2

COMO~

COM3
SEGO~

SEG15

VDD
Vi
VL2
Vi3

Vssb
C1
Cc2

Vss2

VDDA
VRF1
VRF2
VADJ
VssA
CH
CL
SGND

BUF1
BUF2
BUF3
CAZ
Cl

ADI
ADO

AVX1
AVX2

IIL

IH
CFlI
OovX
OVSsG

S1C62M20 BLOCK DIAGRAM

Core CPU S1C6200A | | ,FoM
T I

OSC and SLEEP

A

System Reset
Control

:% RESET
TEST

K00~K03
K10~K13
RO0~R03
BZ
BZ

LCD Driver
16 x 4 1 Interrupt Control
. N — RAM
Logic Power 128 x 4
Control
and SVD —
] !_V—VD Timer
]
Reference :\ [ — Input Port
Voltage
Control — Output Port
_ and Buzzer
|-
\ T — 1/0 Port

A/D Converter

1 P00~P03

OP-AMP

<_m Amg‘

Serial Interface

—

Analog Switch Circuit

VI

R6
R5/VI2
R4/VI3
R3/VI4
R2/VI5
R1

Fig. 1.2.1 Block diagram

EPSON
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1.3 Pin Layout Diagram

CHAPTER 1: OVERVIEW

QFP5-80pin
NMRAAD A T
65— ——140

— —

— —

— —

— —

— —

— —

— —

— —

— —

— INDEX —

— —

— —

— —

— —

80— ———25
1 24
Pin No.| Pin name |Pin No.| Pinname [Pin No.| Pin name |Pin No.| Pin hame

1 SEG15 21 |VRF1 41 OVSG 61 |BZ
2 COMO 22 |VRR2 42 R1 62 POO/SIN
3 COM1 23 |CH 43 R2/VI15 63 P01/SOUT
4 COM2 24 |CL 44 R3/VI4 64 | PO2/SCLK
5 COM3 25 |[ADI 45 R4/V13 65 | PO3/SRDY
6 Vil 26 |ADO 46 R5/VI2 66 | SEGO
7 VL2 27 |AVX1 47 R6 67 | SEG1
8 VL3 28 |AVX2 48 K00 68 | SEG2
9 VDD 29 [CO 49 K01 69 | SEG3
10 |0OSC1 30 |CAZ 50 K02 70 | SEG4
11 |0OSC2 31 |CI 51 K03 71 | SEG5
12 |RESET 32 BUF1 52 K10 72 | SEG6
13 |TEST 33 |BUF2 53 K11 73 | SEG7
14 |VssD 34 |BUF3 54 K12 74 | SEGS8
15 |C1 35 1L 55 K13 75 | SEG9
16 |C2 36 I1H 56 ROO 76 | SEG10
17 |Vs=2 37 | CH 57 RO1 77 | SEG11
18 |VDDA 38 | SGND 58 R02 78 | SEG12
19 |Vssa 39 |VI 59 RO3 79 | SEG13
20 |VADJ 40 |OVX 60 BZ 80 | SEG14

Fig. 1.3.1 Pinlayout diagram (QFP5-80pin)

S1C62M20 TECHNICAL MANUAL
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CHAPTER 1: OVERVIEW

QFP14-80pin
L0000 E00n100T
61 — = 40
—] INDEX —
80— — 01
QHHHHHHHHHHHHHHHHHHZHO
Pin No.| Pin name [Pin No.| Pin nhame [Pin No.| Pin name [Pin No.| Pin name

1 |COM2 21 |CL 41 | R3/VI4 61 |P0O2/SCLK
2 |COM3 22 | ADI 42 | R4/VI3 62 | PO3/SRDY
3 |V 23 |ADO 43 | R5/VI2 63 | SEGO

4 |VL2 24 |AVX1 44 | R6 64 | SEG1

5 |VL3 25 |AVX2 45 | KOO 65 | SEG2

6 |VDD 26 |CO 46 | KO1 66 | SEG3

7 |OSC1 27 |CAZ 47 | K02 67 | SEG4

8 |0SC2 28 |CI 48 | KO3 68 | SEG5

9 RESET 29 |BUF1 49 | K10 69 | SEG6

10 |TEST 30 |BUFR2 50 | K11 70 | SEG7

11 |VssD 31 |BUF3 51 | K12 71 | SEG8

12 |C1 32 |IIL 52 | K13 72 | SEG9

13 |C2 33 |IIH 53 | ROO 73 | SEG10
14 |Vss2 34 |CH 54 | RO1 74 | SEG11
15 |VDDA 35 |SGND 55 | RO2 75 | SEG12
16 |Vssa 36 |VI 56 | RO3 76 | SEG13
17 |VADJ 37 |OVX 57 | BZ 77 | SEGl14
18 |VRAL 38 |OVSG 58 |BZ 78 | SEG15
19 |VRR2 39 |[R1 59 | POO/SIN 79 | COMO
20 |CH 40 |R2/VI5 60 | PO1/SOUT| 80 |COM1

Fig. 1.3.2 Pinlayout diagram (QFP14-80pin)

EPSON
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1.4 Pin Description

CHAPTER 1: OVERVIEW

Table 1.4.1 Pin description

Pin name |Pin No. (QFP5)|Pin No. (QFP14)|In/Out Function

VDD 9 6 (1) |Digital system power supply pin (+)

VDDA 18 15 (1) [Anaog system power supply pin (+)

VssD 14 11 (I) |Digital system power supply pin (-)

Vssa 19 16 (1) [Anaog system GND pin (same voltage with VssD)

Vss2 17 14 (O) [Anaog system power supply pin (boosted voltage)

Ci,C2 15, 16 12,13 O |Booster capacitor connecting pins for analog system power supply (Vss2)
0SC1 10 7 I | Crystal oscillation input pin: 32.768 kHz

0osc2 11 8 O | Crystal oscillation output pin

K00~K13 48~55 45~52 I |Input pins

ROO~RO03 56~59 53~56 O |Output pins

BZ,BZ 60, 61 57,58 O |Buzzer signal output pins

PO0~P03 62~65 59~62 1/0 |1/O pins

V01~Vis 6~8 3~5 O |LCD system voltage output pin

COMO0~3 2~5 79,80, 1,2 O |LCD common output pins (1/3, 1/4 duty, programmable)
SEGO~15| 66~80, 1 63~78 O |LCD segment output pin (DC output may be selected by mask option)
VADJ 20 17 — | Reference voltage adjustment pin

VRF1 21 18 — | Reference voltage output pin

VRF2 22 19 — | Reference voltage output pin

ADI 25 22 I |OP-AMP inverted input pin for AC-DC conversion

ADO 26 23 O |OP-AMP output pin for AC-DC conversion

AVX1 27 24 — | AC-DC converted voltage input pin

AVX2 28 25 — |AC-DC converted voltage input pin

1L, 1IH 35,36 32,33 — | Input pinsfor current measurement

VI 39 36 — | Input pin for voltage measurement

R1 42 39 — | Reference resistor connecting pin (100 Q)

R2/VI5 43 40 — | Reference resistor connecting pin (1 kQ)

R3/V14 44 41 — | Reference resistor connecting pin (10 kQ)

R4/VI3 45 42 — | Reference resistor connecting pin (101 kQ)

R5/V12 46 43 — | Reference resistor connecting pin (1.11 MQ)

R6 47 44 — | Reference resistor connecting pin (10 MQ)

ovX 40 37 — | Reference resistor voltage input pin for resistance measurement
OVSG 41 38 — | Reference resistor voltage input pin for resistance measurement
SGND 38 35 — | GND for measurement

CO 29 26 — | Dummy pad

CAZ 30 27 — | Capacitor connecting pin for offset voltage zero adjustment
Cl 31 28 — | Integral capacitor connecting pin

BUF1~3 32~-34 29~31 — | Buffer AMP output, integral resistor connecting pin

CH 37 34 — | Noisergjection filter connecting pin

CH 23 20 — | Capacitor connecting pin for reference voltage control

CL 24 21 — | Capacitor connecting pin for reference voltage control
TEST 13 10 || Testing input pin

RESET 12 9 I |Initia reset input pin

S1C62M20 TECHNICAL MANUAL
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

CHAPTER 2 PowER SupPLY AND INITIAL RESET

2.1 Power Supply

With a single external power supply (3 V *1) supplied to Vbb/VDDA through Vssb/Vssa, the S1C62M20
generates the necessary internal voltage with the regulated voltage circuit (<VL1, VL2, VL3> for LCD
driving), the voltage booster (<Vss2> for analog system) and the reference voltage generator (<VRrF1> for
A/D converter).

Figure 2.1.1 shows the configuration of power supply.

*1 Supply voltage: 2.15t0 3.5V

Note: < External loads cannot be driven by the regulated voltage and voltage booster circuit’'s output
voltage.

» See Chapter 7, "ELECTRICAL CHARACTERISTICS" for voltage values.

. T—

Vil
1
= VREF
Reference voltage < _ LCD voltage VL2 |
control generator

Vi3 |

L\ 1
VMES COMO0~COM3

Reference \t/oltage LCD circuit

generator :: j SEG0~SEG15

A/D converter
Vss2 booster and
Analog switch

Vss2

Fig. 2.1.1 Configuration of power supply
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.1.1 Boosted voltage <Vss2> for analog system

Making VDD the standard (GND), the S1C62M20 voltage booster doubles the supply voltage input from the
VDD-VssD terminals to generate Vss2.

Vss2 is used to operate the analog circuits (A/D converter, analog switch circuit, reference voltage genera-
tor and LCD power generator) in the S1C62M20. This voltage can be turned ON and OFF by programming.
The Vss2 booster circuit also supplies the clock to the A/D converter and the LCD driver after dividing the
clock (32.768 kHz) from the crystal oscillation circuit. Therefore, the Vss2 booster should be turned ON
before starting the A/D converter and/or the LCD driver operations. See Section 4.13, "Vss2 Booster" for
details.

Figure 2.1.1.1 shows the configuration of the Vss2 circuit.

- 768>|§La' = | 0SC1 circuit 10.923 kHz LCD circuit |
' 7 oscz,/ |
32.768 kHz

! o LCD power !

: generator !

i i L 1 ;

Vssz2 divider

! | || 21.845 kHz > A/D converter 3

1 and !

o > Switch circuit

| | Vss2 booster circuit | > !

voo [ eibe ] | 3

‘ | Booster Reference voltage !

i generator !

I e 1 | Vss2 o

Fig. 2.1.1.1 Configuration of Vs circuit

2.1.2 Voltage <VL1, VL2 and VL3> for LCD driving

VL1, VL2 and VL3 are the voltages for LCD driving, and are generated by the internal LCD power generator
with VDD as the standard (GND). The LCD power generator operates with the Vss2 voltage as the power
supply, and can be turned ON and OFF by programming.

See Chapter 7, "ELECTRICAL CHARACTERISTICS" for the output voltage values.

2.1.3 Reference voltage <VRr1, VRF2> for A/D converter

VRF1 and VRF2 are reference voltage for the A/D converter. The VRF1 voltage is generated by the reference
voltage generator in the S1C62M20, and the VRF2 voltage is generated by dividing using resisters outside of
the S1C62M20.

The reference voltage generator automatically starts to operate and outputs VRF1 and VRF2 by turning the
A/D converter ON.

See Section 4.11, "A/D Converter" for details of the circuit configuration and the operation.
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2 Initial Reset

To initialize the S1C62M20 circuits, initial reset must be executed. There are two ways of doing this.

(1) External initial reset using the RESET terminal
(2) Initial reset by the watchdog timer

Be sure to use reset function (1) when turning the power ON and be sure to initialize securely. In normal
operation, the circuits may be initialized by any of the above two types.

Figure 2.2.1 shows the configuration of the initial reset circuit.

OSC1
O.SC.l —P  Timer [——P> Wa.tchdog
0SC2 circuit timer o
Initial
reset
RESET O T‘W\/\l M
VssD

Fig. 2.2.1 Configuration of initial reset circuit

2.2.1 Reset terminal (RESET)

Initial reset can be executed externally by setting the reset terminal to a high level. After that, when the
reset terminal goes low, the initial reset is released. However, the clock is not supplied to the CPU until the
1 Hz signal from the timer goes high after an initial reset is released. When the 1 Hz signal goes high, the
CPU clock is supplied and the CPU starts to operate.

Maintain the reset terminal at a high level at least 2.0 msec to securely perform the initial reset after turning
the power ON.

Figure 2.2.1.1 shows the initial reset timing with the power ON.

Vbb = GND
Vssb 215V
2.0 msec
RESET 0.1Vss 0.4Vss
1 Hz signal

CPU clock m],wwwwm,m

Fig. 2.2.1.1 Initial reset at power ON
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CHAPTER 2: POWER SUPPLY AND INITIAL RESET

2.2.2 Watchdog timer

If the CPU runs away for some reason, the watchdog timer will detect this situation and output an initial
reset signal. See Section 4.2, "Resetting Watchdog Timer" for details.
However, do not perform an initial reset when turning the power ON by this function.

2.2.3 Internal register at initial resetting
Initial reset initializes the CPU as shown in the table below.

Table 2.2.3.1 Initial values

CPU core
Name Symbol | Number of bits | Setting value

Program counter step PCS 8 00H
Program counter page PCP 4 1H

New page pointer NPP 4 1H
Stack pointer SP 8 Undefined
Index register IX 1X 8 Undefined
Index register I'Y Y 8 Undefined
Register pointer RP 4 Undefined
General-purpose register A A 4 Undefined
General-purpose register B B 4 Undefined
Interrupt flag | 1 0
Decimal flag D 1 0
Zeroflag z 1 Undefined
Carry flag C 1 Undefined

Peripheral circuits
Name Number of bits | Setting value

RAM 4 Undefined
Display memory 4 Undefined
Other peripherd circuits — *1

*1 See Section 4.1, "Memory Map".

2.3 Test Terminal (TEST)

This is the terminal that is used at the time of the factory inspection of the IC. During normal operation,
connect the TEST terminal to VssD/VssA.
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CHAPTER 3: CPU, ROM, RAM

cHAPTER 3 CPU, ROM, RAM

3.1 CPU

The S1C62M20 employs the 4-bit core CPU S1C6200A for the CPU, so that register configuration, instruc-
tions and so forth are virtually identical to those in other family processors using the SIC6200A.

Refer to "S1C6200/6200A Core CPU Manual” for details about the SIC6200A.

Note the following points with regard to the S1IC62M20:

(1) Because the ROM capacity is 1,536 words, bank bits are unnecessary and PCB and NBP are not used.

(2) RAM is set up to one page only, so the page portion (XP, YP) of the index register that specifies ad-
dresses is invalid. (The four bits of XP and YP are ignored.)

3.2 ROM

The built-in ROM, a mask ROM for storing the program, has a capacity of 1,536 steps, 12 bits each. The
program area is 6 pages (0-5), each of 256 steps (00H-FFH). After initial reset, the program beginning
address is page 1, step 00H. The interrupt vector is allocated to page 1, steps 02H-0FH.

Step 00H Program start address
Step 01H
Step 02H

Interrupt
vector
area

Step OFH
N Step 10H

\| Step FFH

12 bits
P

Fig. 3.2.1 ROM configuration

3.3 RAM

The RAM, a data memory storing a variety of data, has a capacity of 128 words, each of four bits. When
programming, keep the following points in mind.

(1) Part of the data memory can be used as stack area when subroutine calls and saving registers, so be
careful not to overlap the data area and stack area.

(2) Subroutine calls and interrupts take up three words of the stack area.

(3) The data memory 000H-00FH is for the register pointers (RP), and is the addressable memory register
area.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

CHAPTER 4 PERIPHERAL CircUITS AND OPERATION

Peripheral circuits (timer, 1/0, and so on) of the S1C62M20 are memory mapped, and interfaced with the
CPU. Thus, all the peripheral circuits can be controlled by using the memory operation command to access
the 1/0 memory in the memory map.

The following sections describe how the peripheral circuits operation.

4.1 Memory Map

Data memory of the S1C62M20 has an address space of 180 words, of which 16 words are allocated to
display memory and 36 words to /0 memory.

Figure 4.1.1 present the overall memory maps of the SIC62M20, and Tables 4.1.1(a)-(e) the peripheral
circuits’ (170 space) memory maps.

Table 4.1.2 shows the A/D converter measurement function list and Table 4.1.3 shows the A/D converter
measurement range list.

Address | S\ Low| o | y | o 3 |a|ls5|6|7|8|9|Aa|lB|lc|D|E]|EF
Page | High
0 MO | M1 | M2 | M3 |[M4 |M5]| M6 | M7 | M8 | M9 | MA | MB | MC | MD | ME | MF
1
2
3 RAM (128 words x 4 bits)
5 R/W
6
0 7
8
9 Unused area
A Display memory (16 words x 4 bits) W
B
C | \ |
D \
E I/O memory | |

[ ] Unused area
Fig. 4.1.1 Memory map
Note: Memory is not mounted in unused area within the memory map and in memory area not indicated in

this chapter. For this reason, normal operation cannot be assured for programs that have been
prepared with access to these area.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(a) 1/0O memory map (COH—-CAH)

Address Register - Comment
D3 D2 D1 DO Name Init*1] 1 0
SIK03 SIK02 SIKoL SIK0O SIK03 0 Enable Disable Interrupt sdect?on reg?ster (K03)
SIK02 0 Enable | Disable | Interrupt selection register (K02)
COH RIW SIK01 0 Enable | Disable | Interrupt selection register (KO1)
SIK00 0 Enable | Disable | Interrupt selection register (K00)
Koz | ko2 | kot | koo Eg; B} z ::g: m
C1H - Kot _ 2| High Low Input port (K00-K03)
K00 - *2| High Low
ski3 | ski2 | siki1 | sikio SIK13 0 Enable Disable Interrupt sdect?on reg?aer (K13)
SIK12 0 Enable | Disable | Interrupt selection register (K12)
Cc2H RIW SIK11 0 Enable | Disable | Interrupt selection register (K11)
SIK10 0 Enable | Disable | Interrupt selection register (K10)
K13 | k2 | kil | Ko Eii i z ::32 tga
C3H - ki1 _+2| High Low Input port (K10-K13)
K10 - *2| High Low |_J
Ro3 | RO2 | ROL | ROO Egz g ::g: tgx
C4H o RoL 0 High Low Output port (RO0-R03)
R00 0 High Low |_J
loco3 | 1ocoz | 1ocor | tocoo | 10C03 | O | Output ) input
:gggi g SEIEEE ::EEI 1/O control register (PO0-P03)
RIW (ESIF=0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 10C00 | 0 | Output | nput | J T
C8H | Whenthe serial I/Fisused (ESIF = 1):| 10C03 0 Output Input | Master mode: P03 1/0O control register
P00 = SIN (in), P01 = SOUT (out), 10C03 0 1 0 Slave mode: General-purpose register
P02 = SCLK (master: out, slave: in), | 10C02 0 1 0 |
P03 = SRDY (dave: out), 10C01 0 1 0 General-purpose register
P03 = 1/0 port (master: in/out) 10C00 0 1 0 J
PULO3 | PUL0O2 | PULO1 | PULOO PULO3 ! on of
gﬂtgi i 8: gg Pull down control register (PO0-P03)
RIW (ESIF=0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PULOO | 1 _j On | Of | T .
When the seria I/Fisused (ESIF = 1):| PUL03 1 On Off Master mode: PO3 pull down control register
CoH P00 = SIN (in), P01 = SOUT (out), PULO3 1 1 0 Slave mode: General-purpose register
P02 = SCLK (master: out, slave: in), | PUL02 1 1 0 Master mode: General -purpose register
P03 = SRDY (dave: out), PUL02 1 On Off Slave mode: SCKL pull down control register
P03 = 1/0 port (master: in/out) PULO1 1 1 0 General-purpose register
PUL0O 1 On Off SIN pull down control register
P3 | P02 | PoL | POD Eg; i z ::32 tgx
PO1 ~*2| High Low 1/ port (POO-F03)
RIW ' (ESIF=0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, POO | -r2) High | tow | J T
CAH | Whenthe seria I/Fisused (ESIF=1):| P03 — *2| High Low | Master mode: 1/0 port PO3
P00 = SIN (in), P01 = SOUT (out), P03 - *2 1 0 Slave mode: General-purpose register
P02 = SCLK (master: out, slave: in), P02 — *2 1 0 N
P03 = SRDY (dave: out), P01 - *2 1 0 General-purpose register
P03 = 1/O port (master: in/out) P00 - *2 1 0 _

*1 Initial value at the time of initial reset

*2 Not set in the circuit
*3 Undefined

*4 Resets (0) immediately after being read
*5 Constantly "0" when being read

12
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(b) /O memory map (CCH-CFH)

Register
Address C t
D3 D2 D1 DO Name Init *1 1 0 emmen
0 *5 _ *2 Unused
0 0 SCTRG | ESIF 0 *5 _ %2 Unused
CCH SCTRG(W)| - *2| Trigger - Serial interface clock trigger (writing)
R RIW SCTRG(R) 0 Run Stop | Serial interface clock status (reading)
ESIF 0 SIF port | I/O port | PO port function selection
SDP scps | sest SCS0 SDP 0 LSB first | MSB first Ser!al Qatalnput/output permutatlf)n
CDH SCPS 0 Ea "} | Serial interface clock phase selection
RIW SCS1 0 Serial interface clock mode selection
SCS0 0 0: Slave, 1: CLK/2, 2: CLK, 3: CLK
_ %2 !
SD3 SD2 SD1 SDO :Bi - MSB
CEH B Serial interface data (low-order 4 bits)
SD1 -2
RIW
SDO - *2 _JLSB
_*2 !
SD7 SD6 SD5 SD4 23673 2 MSB
CFH B Serial interface data (high-order 4 bits)
SD5 - *2
RIW
SD4 - *2 _| LSB
Table4.1.1(c) 1/O memory map (DOH-D6H)
Address Register " Comment
D3 D2 D1 DO Name Init*1] 1 0
*5[ _ *2
0 o |BFQ | R 0 Unused
DOH 0 *5 - *2 Unused
R RIW BZFQ 0 2 kHz 4kHz | Buzzer signal frequency selection
R 0 1 0 1 bit general-purpose register
*5 %2
o | BsHot |Bzenc | Bzon | ° Unused _ _
D1H BSHOT*5| - *2 [One-shot - One-shot buzzer signal (31 msec) output trigger
R W RIW BZFNC 0 Intermittent {Continuous| Continuous/intermittent output selection
BZON 0 On Off Buzzer signal output control
*5[  _ *2
0 0 | wDRST | TMRST g e ; 3””:3
o+ nu
D4H 5 )
R W WDRST - *2| Reset - Watchdog timer reset
TMRST 9 - *2| Reset - Clock timer and watchdog timer reset
™3 ™2 ™I T™O TM3 - *3 Clock t! mer data (16 Hz)
D5H ™2 -3 Clock timer data (32 Hz)
R ™1 - *3 Clock timer data (64 Hz)
TMO -*3 Clock timer data (128 Hz)
™7 ™6 ™G ™A ™7 - *3 Clock t? mer data (1 Hz)
T™6 - *3 Clock timer data (2 Hz)
D6H )
R T™5 -3 Clock timer data (4 Hz)
T™M4 — *3 Clock timer data (8 Hz)

S1C62M20 TECHNICAL MANUAL
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(d) /O memory map (EOH-EBH)

Address Register — Comment
D3 D2 D1 DO Name Init*1] 1 0
_ _ B VSS2 - - *3 Unused (Undefined when reading)
EOH - - *3 Unused (Undefined when reading)
R RW - - *3 Unused (Undefined when reading)
VSS2 0 On Off VSs2 booster control
LOFF 0 Ty | LPwr LOFF 0 Alloff | Normal | LCD display al off / normal switch
E1H 0 *5 - *2 Unused
LDTY 0 13 1/4 LCD drive duty selection
RIW R RIW )
LPWR 0 On Off LCD driver On/Off
BUFF | N | ADsep | apon | BYFF 0 - - | Fixao ‘ o
E2H 1IN 0 IIH IiL Current measurement terminal switching
RW ADSPD 0 100mS | 400 mS | A/D conversion speed switching
ADON 0 On Off A/D converter On/Off
*5[ %2
0 o |[svoor |swoon| ° Unused
E3H 0 *5 - *2 Unused
R RW SVDDT 0 Low Normal | Supply voltage detection data
SVDON 0 On Off SVD circuit On/Off
*5[ _ *2
0 FNC2 FNC1 FNCO 0 Unused
FNC2 0 . .
E4H ENCL 0 ] Measurement function selection
R RIW See Table4.1.
NGO | 0 ( le4.1.2)
*5 %2
0 RNG2 RNG1 | RNGO 0 Unused
RNG2 0 .
E5H RNG1 0 Measurement range selection
R RIW (See Table4.1.3)
RNGO 0
*5[ %2
0 0 0 ADP g . ; 3““:
* - nu
E6H 0 *5| - *2 Unused
ADP 1 Positive | Negative | A/D converter polarity judgment
DSC03 | DSC02 | DSCO1 | DSC00 B:ggg g 1 g
E7H A/D conversion data (00-03)
DSC01 0 1 0
DSC00 0 1 0 _
DSC13 | DSC12 | DSC11 | DSC10 g:giz g 1 g
E8H A/D conversion data (10-13)
DSC11 0 1 0
DSC10 0 1 0 _
DSC23 | DSC22 | DSC21 | DSC20 B:E;i g 1 g
A/D ion data (20-23)
E9H DSC21 0 1 0 conversion data ( )
DSC20 0 1 0 _
*5[  _ *2
o |obscs2 | pscat | pscao | ° Unused
EAH DSC32 0 1 0
DSC31 0 1 0 A/D conversion data (30-32)
DSC30 0 1 0 _
*5[ _ *2
0 IDR STS1 STSO 0 . . Unused
EBH IDR 0 Invalid | Effective | Read data status
STS1 0 ] A/D conversion status 0: auto zero adjustment,
STSO 0 1. input integral, 3: reverseintegral
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Memory Map)

Table 4.1.1(e) 1/0 memory map (FOH-F6H)

Address Register - Comment
D3 D2 D1 DO Name Init*1| 1 0
EIKL EIKO EISIE EIAD EIK1 0 Enable Mask | Interrupt mask reg?ster (K10K13)
EIKO 0 Enable Mask | Interrupt mask register (KOO-K03)
FOH RIW EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
ET1 ET2 EIT16 EIT32 EIT1 0 Enable Mask | Interrupt mask register (Clock ti mer 1 Hz)
EIT2 0 Enable Mask | Interrupt mask register (Clock timer 2 Hz)
FiH RIW EIT16 0 Enable Mask | Interrupt mask register (Clock timer 16 Hz)
EIT32 0 Enable Mask | Interrupt mask register (Clock timer 32 Hz)
0 0 0 K1 o Unused
0 *5 - *2 Unused
F2H R 0 *5 - *2 Unused
K1 *4 0 Yes No Interrupt factor flag (K10-K 13)
0 0 0 1K o Unused
0 *5 _ *2 Unused
F3H R 0 *5| - *2 Unused
IKO *4 0 Yes No Interrupt factor flag (KO0-K03)
0 0 0 ISIF 07y -2 Unused
0 *5 _*2 Unused
FaH R 0 *5| - *2 Unused
ISIF *4 0 Yes No Interrupt factor flag (Serial interface)
m T2 IT16 IT32 IT1 *4 0 Yes No Interrupt factor flag (Clock ti mer 1 Hz)
IT2 *4 0 Yes No Interrupt factor flag (Clock timer 2 Hz)
FoH R IT16 *4 0 Yes No Interrupt factor flag (Clock timer 16 Hz)
IT32 *4| 0 Yes No Interrupt factor flag (Clock timer 32 Hz)
0 0 0 IAD o Unused
0 *5 _ *2 Unused
FeH R 0 *5 - *2 Unused
IAD *4 0 Yes No Interrupt factor flag (A/D converter)
Table4.1.2 A/D converter measurement function list
Address D3 D2 D1 DO Measurement Integral resistor Integral resistor  |General| Com-
FNC2 | FNC1 | FNCO function normal mode (400 ms) |high speed mode (100 ms)|lamplifier| parator
- 0 0 0 DC voltmeter mode BUF1 terminal BUF3 terminal OFF | OFF
- 0 0 1 AC voltmeter mode ON OFF
- 0 1 0 DC ammeter mode OFF | OFF
- 0 1 1 AC ammeter mode ON OFF
E4H - 1 0 0 Resistance Input integral: BUF1 terminal OFF OFF
measurement mode
- 1 0 1 Continuity check Reverseintegral: BUF1 and BUF2 terminals OFF ON
mode parallel
- 1 1 0 - BUF1 terminal BUF3 terminal OFF OFF
- 1 1 1 ADPT mode OFF | OFF

* |n the resistance measurement mode and continuity check mode, switching between input integral (BUF1
terminal) and reverse integral (BUF1 and BUF2 terminals parallel) is automatically done by the hardware.

Table 4.1.3 A/D converter measurement range list

Address D3 D2 D1 DO Measurement function
RNG2 | RNG1 | RNGO | DC voltmeter | AC voltmeter | Resistance | Continuity check | Current

- 0 0 0 400 mV 400 mV 400 Q 50 Q judgment | Switching
- 0 0 1 4V 4V 4kQ 100 Q judgment | outside of IC
- 0 1 0 40V 40V 40kQ 500 Q judgment

EsH - 0 1 1 400V 400V 400 kQ 1 kQ judgment
- 1 0 0 1000 V 750 V 4MQ 1
- 1 0 1 1 1 40 MQ 1
- 1 1 0 1 1 1 1
- 1 1 1 1 1 1 1

* |n the current measurement mode, the S1C62M 20 performs an A/D conversion using a voltage value (within
+437 mV) input from the 1L terminal or I1H terminal. Conseguently, it is not necessary to switch the range.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Resetting Watchdog Timer)

4.2 Resetting Watchdog Timer

4.2.1 Configuration of watchdog timer

The S1C62M20 incorporates a watchdog timer as the source oscillator for OSC1 (clock timer 1 Hz signal).
The watchdog timer must be reset cyclically by the software. If reset is not executed in at least 3 seconds,
the initial reset signal is output automatically for the CPU.

Figure 4.2.1.1 is the block diagram of the watchdog timer.

i 1Hz
256 Hz from divider )>——— Timer ~ | Watchdog timer |— > <ot

TMO-TM7 signal
Timer reset signal
SLEEP signal

Watchdog timer reset signal

Fig. 4.2.1.1 Watchdog timer block diagram

The watchdog timer, configured of a two-bit binary counter, generates the initial reset signal internally by
overflow of the counter.

Watchdog timer reset processing in the program’s main routine enables detection of program overrun,
such as when the main routine’s watchdog timer processing is bypassed. Ordinarily this routine is incorpo-
rated where periodic processing takes place, just as for the timer interrupt routine.

The watchdog timer can also be reset by the resetting of the clock timer.

The watchdog timer operates in the HALT mode. If the watchdog timer is not reset within 3 or 4 seconds
including the HALT status, the IC reactivates from initial reset status.

When the S1C62M20 enters SLEEP status by the SLP instruction, the watchdog timer and the clock timer
are reset. Therefore, when SLEEP status is released, the watchdog timer and the clock timer operate the
same as that after releasing an initial reset.

4.2.2 Control of watchdog timer
Table 4.2.2.1 lists the watchdog timer’s control bits and their address.

Table 4.2.2.1 Control bits of watchdog timer

Address Register — Comment
D3 D2 D1 DO | Name Init*| 1 0
x5 _ %2
0 o |worst|TmrsT| ° Unused
D4H 0 *5 - *2 Unused
R W WDRST?| - *2| Reset - Watchdog timer reset
TMRST 5 - *2| Reset - Clock timer and watchdog timer reset
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

WDRST: Watchdog timer reset (D4HD1)
This is the bit for resetting the watchdog timer.

When "1" is written: ~ Watchdog timer is reset
When "0" is written:  No operation
Reading:  Always "0"

When "1" is written to WDRST, the watchdog timer is reset, and the operation restarts immediately after
this. When "0" is written to WDRST, no operation results.
This bit is dedicated for writing, and is always "0" for reading.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Resetting Watchdog Timer)

TMRST: Clock timer reset (D4H+DO0)
This is the bit for resetting the clock timer and the watchdog timer.

When "1" is written:  Clock timer and watchdog timer are reset
When "0" is written:  No operation
Reading:  Always "0"

When "1" is written to TMRST, the clock timer and the watchdog timer are reset, and the operation restarts
immediately after this. When "0" is written to TMRST, no operation results.
This bit is dedicated for writing, and is always "0" for reading.

4.2.3 Programming note
The watchdog timer must be reset within 3-second cycles.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

4.3 Oscillation Circuit

4.3.1 Configuration of oscillation circuit

The S1C62M20 has a oscillation circuit (OSC1). OSC1 is a crystal oscillation circuit that supplies the operat-
ing clock to the CPU and peripheral circuits.
Figure 4.3.1.1 is the block diagram of this oscillation system.

10.9 kHz LCD circuit
—»  Vss2 divider A/D converter
21.8 kHz
OSC1 oscillator L 256 Hz .
32,768 kHz e P Divider E— Timer

3 4

1Hz
> CPU clock CPU clock
control > 32.768 kHz

K port interrupt

Fig. 4.3.1.1 Oscillation system

4.3.2 Crystal oscillation circuit

The S1C62M20 has a built-in crystal oscillation circuit. The OSC1 oscillation circuit generates the operating
clock for the CPU and peripheral circuitry by connecting the crystal oscillator (Typ. 32.768 kHz) as an
external element.

Figure 4.3.2.1 is the block diagram of the OSC1 oscillation circuit.

Cg
0OSC1
O {>C » To CPU and divider
Xt J | Rf Rd P
| Cd
O T

Fig. 4.3.2.1 OSC1 oscillation circuit

As Figure 4.3.2.1 indicates, the crystal oscillation circuit can be configured simply by connecting the crystal
oscillator (X'tal) between terminals OSC1 and OSC2.
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CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Oscillation Circuit)

The OSCL1 oscillation circuit starts to operate immediately after turning the power ON, so programming is
not necessary to control the circuit. However, be aware that the system clock is not supplied to the CPU
until the 1 Hz signal from the timer goes high after initial resetting.

In the S1C62M20, the OSC1 oscillation circuit does not stop even when the CPU enters SLEEP status.
However, SLEEP stops supplying the clock to the peripheral circuits (timer and watchdog timer).

4.3.3 Clock frequency and instruction execution time
Table 4.3.3.1 shows the instruction execution time according to the system clock from the OSC1 oscillation
circuit.

Table 4.3.3.1 Clock frequency and instruction execution time
Instruction execution time (psec)

5-clock instruction | 7-clock instruction | 12-clock instruction
OSC1: 32.768 kHz 152.6 213.6 366.2

Clock frequency
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4.4 Input Ports (KOO—K03, K10-K13)

4.4.1 Configuration of input ports

The S1C62M20 has eight bits general-purpose input ports. Each of the input port terminals (KO0-K03, K10-
K13) provides internal pull down resistor. Pull down resistor can be selected for each bit with the mask
option.

Further, a Schmitt buffer is provided on each input line of all input terminals (K0O0-K03, K10-K13).

Figure 4.4.1.1 shows the configuration of input port.

Interrupt
request

Data bus

<

Mask option

VssD

Fig. 4.4.1.1 Configuration of input port

Selection of "With pull down resistor” with the mask option suits input from the push switch, key matrix,
and so forth. When "Gate direct" is selected, the port can be used for slide switch input and interfacing with
other LSls.

Further, all the input port terminals (K00-K03, K10-K13) are used as the interrupt port for releasing the
SLEEP mode. See Section 4.15, "Interrupt and HALT/SLEEP" for details.

4.4.2 Interrupt function

All eight bits of the input ports (K00-K03, K10-K13) provide the interrupt function. The conditions for
issuing an interrupt can be set by the software.
Figure 4.4.2.1 shows the configuration of input interrupt circuit.
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K00

<

Interrupt selection Interrunt factor KO
< ] > register (SIK0O0) b .
! flag (IKO) interrupt

request
I

' i | | i Interrupt mask
T e register (EIKO)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

AA

K10

< |

i Interrupt selection
<> Interrupt factor K1
] register (SIK10) P .
| flag (IK1) interrupt

oo request

I | 1 i | Interrupt mask
o register (EIK1)

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Data bus

AA

Fig. 4.4.2.1 Input interrupt circuit configuration

The interrupt selection register (SIK) is individually set for the input ports (K00-K03, K10-K13) and can
specify the terminal for generating interrupt.

The interrupt selection registers (SIK00-SIK03, SIK10-SIK13) select what input of K00-K03 and K10-K13 to
use for the interrupt. Writing "1" into an interrupt selection register incorporates that input port into the
interrupt generation conditions. The changing the input port where the interrupt selection register has been
set to "0" does not affect the generation of the interrupt.

The input interrupt is generated at the rising edge of the input.

The K00-K03 and K10-K13 interrupts are separated as two interrupt factors. Therefore, two interrupt factor
flags (IKO, IK1) and two interrupt mask registers (EIK0, EIK1) are provided. (IKO and EIKO correspond to
K00-K10. IK1 and EIK1 correspond to K10-K13.)

When the interrupt is generated, the interrupt factor flag (IKO, IK1) is set to "1".

Each interrupt request to the CPU by the interrupt factors can be masked using the interrupt mask registers
(EIKO, EIK1).

The K00-K03 and K10-K13 input interrupts are used to release the SLEEP mode.

4.4.3 Mask option

Internal pull down resistor can be selected for each of the eight bits of the input ports (K00-K03, K10-K13)
with the input port mask option.

When "Gate direct" (without pull down resistor) is selected, take care that the floating status does not occur
for the input. Select "With pull down resistor" for input ports that are not being used.
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4.4.4 Control of input ports
Table 4.4.4.1 lists the input ports control bits and their addresses.

Table4.4.4.1 Input port control bits

Address Register — Comment
D3 D2 D1 DO Name Init*1| 1 0
sko3 | skoz | sior | sioo SIK03 0 Enable D?sable Interrupt sdect!on reg!aer (K03)
COH SIK02 0 Enable | Disable | Interrupt selection register (K02)
RIW SIK01 0 Enable | Disable | Interrupt selection register (K01)
SIK00 0 Enable | Disable | Interrupt selection register (K0O0)
_*2 i
Ko3 | Ko2 | ko1 | Koo Egi - ::g: tga
B Input port (K00-K 03
ClH o Kol ~ 2| Hgh | Low nput port ( )
K00 - *2| High Low
ski3 | stz | skit | sikio SIK13 0 Enable D!sable Interrupt sdect!on reg!ster (K13)
CoH SIK12 0 Enable | Disable | Interrupt selection register (K12)
RIW SIK11 0 Enable | Disable | Interrupt selection register (K11)
SIK10 0 Enable | Disable | Interrupt selection register (K10)
%2 i
K13 | k12 | Ko | Ko EE - ::ZE tgz
- Input port (K10-K13
C3H R K11 - *2| High Low put port ( )
K10 - *2| High Low
EIKL EIKO EISIF EIAD EIK1 0 Enable Mask | Interrupt mask reg!ster (K10K13)
FOH EIKO 0 Enable Mask | Interrupt mask register (KOO-KO03)
RIW EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
*5[ _*2
0 0 0 K1 0 Unused
E2H 0 5 - *2 Unused
R 0 *5| - *2 Unused
KL *4 0 Yes No Interrupt factor flag (K10-K13)
*5[ _ *2
0 0 0 1Ko 0 Unused
F3H 0 *5 - *2 Unused
R 0 *5| - *2 Unused
IKO*4 0 Yes No Interrupt factor flag (K00—K03)
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

K00-K03, K10-K13: Input port data (C1H, C3H)
Input data of the input port terminals can be read.

When "1"isread:  High level
When "0"isread:  Low level
Writing:  Invalid

The reading is "1" when the terminal voltage of the eight bits of the input ports (K00-K03, K10-K13) goes
high (VbD), and "0" when the voltage goes low (VssD).
These bits are dedicated for reading, so writing cannot be done.

SIK00-SIK03, SIK10-SIK13: Interrupt selection register (COH, C2H)
Selects the port to be used for the KO0-K03 and K10-K13 input interrupts.

When "1" is written:  Enable
When "0" is written:  Disable
Reading:  Valid

Enables the interrupt for the input ports (K00-K03, K10-K13) for which "1" has been written into the
interrupt selection register (SIK00-SIK03, SIK10-SIK13). The input port set for "0" does not affect the
interrupt generation condition.

At initial reset, these registers are set to "0".
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EIKO, EIK1: Interrupt mask registers (FOH*D2, D3)
Masking the interrupt of the input port can be selected with these registers.

When "1" is written:  Enable
When "0" is written:  Mask
Reading:  Valid

With these registers, masking of the input interrupt can be selected for each of the two systems (K00-K03,
K10-K13).

Writing to the interrupt mask registers can be done only in the DI status (interrupt flag = "0").

At initial reset, these registers are set to "0".

IKO, IK1: Interrupt factor flags (F3H+DO, F2H<D0)
These flags indicate the occurrence of input interrupt.

When "1"isread: Interrupt has occurred
When "0"isread: Interrupt has not occurred
Writing:  Invalid

The interrupt factor flags IK0 and IK1 are associated with KO0-K03 and K10-K13, respectively. From the
status of these flags, the software can decide whether an input interrupt has occurred.

Reading of interrupt factor flags is available at El, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to "1", an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will not be
generated.

These flags are reset when the software reads them.

At initial reset, these flags are set to "0".

4.4.5 Programming notes

(1) When input ports are changed from high to low by pull down resistor, the fall of the waveform is
delayed on account of the time constant of the pull down resistor and input gate capacitance. Hence,
when fetching input ports, set an appropriate wait time.

Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xC xR
C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull down resistance 300 kQ

(2) Reading of interrupt factor flag is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to "1", an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will
not be generated.

(3) Write the interrupt mask register (EIKO, EIK1) only in the DI status (interrupt flag = "0"). Writing during
El status (interrupt flag = "1") will cause malfunction.
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45 Output Ports (ROO-R03)

4.5.1 Configuration of output ports

The S1C62M20 has four bits general output ports.

Output specifications of the output ports can be selected individually with the mask option. Two kinds of
output specifications are available: complementary output and Pch open drain output.

Figure 4.5.1.1 shows the configuration of the output port.

® ® VDD

Data bus

P .
Register —|>O—¢ o——o— O Rxx

Sl A
Complementary ;0
o |

Pch open drain y:

L L L Vssbp

Fig. 4.5.1.1 Configuration of output port

4.5.2 Mask option

Output specifications of the output ports can be selected with the mask option.

Output specifications for the output ports (R00-R03) enable selection of either complementary output or
Pch open drain output for each of the four bits.

However, even when Pch open drain output is selected, voltage exceeding source voltage must not be
applied to the output port.

4.5.3 Control of output ports
Table 4.5.3.1 lists the output ports’ control bits and their address.

Table 4.5.3.1 Control bits of output ports

Address Register — Comment
D3 D2 D1 DO Name Init*l] 1 0
R3 | Ro2 | RoL | RoO Egg g ::32 tzx
Output port (ROO-R03
CaH RW RO1 0 High Low utput port ( )
R00 0 High Low
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

R0O0-RO03: Output port data (C4H)
Sets the output data for the output ports.

When "1" is written:  High output
When "0" is written:  Low output
Reading:  Valid

The output port terminals output the data written in the corresponding registers (R00-R03) without
changing it. When "1" is written in the register, the output port terminal goes high (Vbb), and when "0" is
written, the output port terminal goes low (VssD).

At initial reset, these registers are set to "0".
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4.6 Buzzer Output Ports (BZ, BZ)

4.6.1 Configuration of buzzer output ports

The S1C62M20 has two special output ports: a buzzer output (BZ terminal) and a buzzer inverted output
(BZ terminal). Output specification of the buzzer output ports is a complementary output.
Figure 4.6.1.1 shows the configuration of the buzzer output port.

® ® VDD

BZ signal —
== H >0—e oo \\\—O
BZ signal BZ, BZ

® ® VssD
Fig. 4.6.1.1 Configuration of buzzer output port

4.6.2 Buzzer output

BZ and BZ are the buzzer signal outputs for driving the piezo-electric buzzer. -

By setting the BZON register to "1", the BZ (buzzer signal output) terminal and the BZ (buzzer inverted
signal output) terminal output the buzzer signal.

The buzzer signal frequency can be selected as 2 kHz or 4 kHz by setting the BZFQ register.

The following four output modes are set in the buzzer output function.

e Continuous buzzer signal output

e Intermittent buzzer signal output

* One-shot buzzer signal output

* Buzzer signal output during the continuity check mode

(1) Continuous buzzer signal output
By setting the BZFNC register to "0" and the BZON register to "1", the buzzer signal is continuously
output from the BZ terminal and the BZ terminal.
Figure 4.6.2.1 shows the output waveform of a continuous buzzer signal.

((
)T

BZON 0 1 0

BZFNC 0

BZ SS
1001

Fig. 4.6.2.1 Continuous buzzer signal output waveform

The buzzer signal output stops by writing "0" to the BZON register. However, it may take up to 31 msec
for the buzzer signal output to actually stop depending on the status of the counter built into the buzzer
signal output control circuit.
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(2) Intermittent buzzer signal output
By setting the BZFNC register to "1" and the BZON register to "1", the buzzer signal is intermittently
output from the BZ terminal and the BZ terminal.
In this mode, the buzzer signal goes ON and OFF in 8 Hz cycles.
The buzzer signal output stops by writing "0" to the BZON register. However, it may take up to 31 msec
for the buzzer signal output to actually stop depending on the status of the counter built into the buzzer
signal output control circuit.
Figure 4.6.2.2 shows the output waveform of an intermittent buzzer signal.

BZON 0 1 0

BZFNC 0 1
—»‘ ‘« 125 msec
BZ

1 1
S 1 o 111

‘« 250 msec {

Fig. 4.6.2.2 Intermittent buzzer signal output waveform

(3) One-shot buzzer signal output
By writing "1" to the BSHOT register, a buzzer signal is output for approximately 31 msec immediately
after writing.
Figure 4.6.2.3 shows the output waveform of one-shot buzzer signal.

——
oz 1

o2 JHHHHM[WUHH[H

»‘31 msec —»31 msec«—

— ]

Fig. 4.6.2.3 One-shot buzzer signal output waveform

When "1" is written to the BSHOT register again while the previous one-shot buzzer signal is being
output, the buzzer signal is output again for 31 msec from the time of rewriting "1".
This output is effective when the BZON register is set to "0".

(4) Buzzer signal output during the continuity check mode
If the measured resistance value is less than the judgment resistance setting value during measurement
in the continuity check mode of the SIC62M20 measurement function, a buzzer signal is output. The
continuity judgment and the buzzer signal output are automatically done by the hardware.
This auto buzzer signal output is done only in the continuity check mode. See Section 4.12, "Measure-
ment Circuit and Measurement Procedure” for details of the continuity check mode.
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4.6.3 Control of buzzer output
Table 4.6.3.1 lists the buzzer output control bits and their addresses.

Table 4.6.3.1 Control bits for buzzer output

Address Register — Comment
D3 D2 D1 DO Name Init*1] 1 0
0 o |Bzro | R o Unused
DOH 0 *5 - *2 Unused
R RIW BZFQ 0 2 kHz 4kHz | Buzzer signal frequency selection
R 0 1 0 1 bit general-purpose register
*5[ _ *2
o |BsHor |Bzenc | Bzon | ° Unused _ _
D1H BSHOT*5| - *2 [One-shot - One-shot buzzer signal (31 msec) output trigger
BZFNC 0 Intermittent {Continuous| Continuous/intermittent output selection
R W RIW .
BZON 0 On Off Buzzer signal output control
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

BZFQ: Buzzer signal frequency selection register (DOH<D1)
Selects the frequency of the buzzer signal.

When "1" is written: 2 kHz
When "0" is written: 4 kHz
Reading:  Valid

When "1" is written to this register, the frequency of the buzzer signal is set in 2 kHz, and in 4 kHz when "0"
is written. Buzzer signal output (ON/OFF) is controlled using the BZON register.
At initial reset, this register is set to "0".

BSHOT: One-shot buzzer signal output trigger (D1H+D2)
Outputs a one-shot buzzer signal from the BZ and BZ terminals.

When "1" is written:  Output
When "0" is written:  Invalid
Reading:  Always "0"

When "1" is written to this trigger bit, a buzzer signal is output for approximately 31 msec immediately
after writing. When "1" is written again while the previous one-shot buzzer signal is being output, the
buzzer signal is output again for 31 msec from the time of rewriting "1".

This output is effective when the BZON register is set to "0".

BZFNC: Continuous/intermittent output selection register (D1H<D1)
Selects a buzzer signal output mode.

When "1" is written:  Continuous buzzer signal output
When "0" is written:  Intermittent buzzer signal output
Reading:  Valid

When "1" is written to this register, continuous buzzer signal output is selected as the output mode, and
when "0" is written, intermittent buzzer signal output is selected.

Buzzer signal output (ON/OFF) is controlled using the BZON register.

In the intermittent buzzer signal output mode, the buzzer signal goes ON and OFF in 125 msec cycles while
the BZON register is set to ON.

At initial reset, this register is set to "0".

BZON: Buzzer signal output control (D1H<DO0)
Controls turning buzzer signal output ON and OFF.

When "1" is written:  ON
When "0" is written:  OFF
Reading:  Valid

When "1" is written to this register, the buzzer signal is output in the output mode set by the BZFNC
register. After that, when "0" is written, the buzzer signal output stops.
At initial reset, this register is set to "0".
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4.7 110 Ports (PO0-P03)

4.7.1 Configuration of 1/0O ports

The S1C62M20 has 4 bits general-purpose 1/O ports. Figure 4.7.1.1 shows the configuration of the I/O port.
The four bits of the I/O ports PO0-P03 can be set to either input mode or output mode. Modes can be set by
writing data to the I/O control register.

Moreover, pull down resistor which is turned ON during input mode can be controlled through the
software.

® VDD
2 |_> vt | 4 O Pxx
g Address register
©
Ot—» 1/0O control e
Address|—> register
Pull down 3—{
Address|—> control register
°® VssD

Fig. 4.7.1.1 Configuration of I/O port

The I/0 ports PO0-P03 are common used with the input/output ports of the serial interface, and function
of these ports can be selected through the software.
See Section 4.10, "Serial Interface", for details of the serial interface.

4.7.2 110 control registers and input/output mode

Input or output mode can be set for the four bits of I/O ports PO0-P03 by writing data into the correspond-
ing I/0O control registers IOC00-10CO03.

To set the input mode, "0" is written to the I/O control register. When an I/O port is set to input mode, it
becomes high impedance status and works as an input port.

However, when the pull down explained in the following section has been set by software, the input line is
pulled down only during this input mode.

The output mode is set when "1" is written to the I/O control register. When an I/O port set to output
mode works as an output port, it outputs a high level (VDD) when the port output data is "1", and a low
level (VssD) when the port output data is "0".

If perform the read out in each mode; when output mode, the register value is read out, and when input
mode, the port value is read out.

At initial reset, the I/O control registers are set to "0", and the I/O port enters the input mode.

4.7.3 Pull down during input mode

A pull down resistor that operates during the input mode is built into the I/O ports of the S1C62M20.
Software can set the use or non-use of this pull down. The pull down resistor becomes effective by writing
"1" into the pull down control registers PULO0-PULO3 that correspond to each of PO0-P03, and the input
line is pulled down during the input mode. When "0" has been written, no pull down is done.

At initial reset, the pull down control registers are set to "1".
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4.7.4 Mask option

Output specifications during the output mode (IOC = "1") can be selected with the mask option.

Output specifications for the I/O ports (P00-P03) enable selection of either complementary output or Pch
open drain output for each of the 4 bits.

However, even when Pch open drain output is selected, voltage exceeding source voltage must not be
applied to the output port.

4.7.5 Control of 1/0 ports
Table 4.7.5.1 lists the I/O ports’ control bits and their addresses.

Table4.7.5.1 Control bits of 1/0 ports

Address Register - Comment
D3 D2 D1 DO Name Init*1| 1 0
Ioco3 | locoz | 10coL | 10C00 :gggg 8 83$$ ::EEI
locoL 0 output Input 1/0O control register (PO0—-P03)
RIW (ESIF=0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 10C00 | 0 | Ouput | nput | J T
C8H | Whenthe serial I/Fisused (ESIF =1):| 10C03 0 Output Input | Master mode: PO3 I/O control register
P00 = SIN (in), P01 = SOUT (out), 10C03 0 1 0 Slave mode: General-purpose register
P02 = SCLK (master: out, Slave: in), | 10C02 0 1 0 B
P03 = SRDY (slave: out), 10C01 0 1 0 General-purpose register
P03 = I/O port (master: in/out) 10C00 0 1 0 _
PULO3 | PULO2 | PULO1 | PULOO Eﬂtg; 1 8: 82
PULOL 1 on off Pull down control register (PO0—-P03)
RIW (ESIF=0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, PULOO | 1 | on | of | “TUCT
When the serial I/Fisused (ESIF = 1):| PUL03 1 On Off Master mode: P03 pull down control register
CoH P00 = SIN (in), P01 = SOUT (out), PULO3 1 1 0 Slave mode: General-purpose register
P02 = SCLK (master: out, slave: in), PULO02 1 1 0 Master mode: General-purpose register
P03 = SRDY (slave: out), PUL02 1 On Off Slave mode: SCKL pull down control register
P03 = 1/0O port (master: in/out) PULO1 1 1 0 General-purpose register
PULOO 1 On Off SIN pull down control register
Pz | Po2 | por | Poo igz i 2 ::g: tga
P01 - *2| High Low 1/ port (POO-F03)
RIW ) (ESIF=0)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, POO | -r2) High | tow | J T .
CAH | When the serial I/Fisused (ESIF=1):| P03 - *2| High Low | Master mode: 1/0 port PO3
P00 = SIN (in), P01 = SOUT (out), P03 - *2 1 0 Slave mode: General-purpose register
P02 = SCLK (master: out, slave: in), P02 - *2 1 0 ]
P03 = SRDY (dave: out), P01 - *2 1 0 General-purpose register
P03 = 1/0O port (master: in/out) P00 - *2 1 0 _
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

P0O0-PO03: I/0 port data (CAH)
I/0O port data can be read and output data can be set through these ports.

« When writing data
When "1"is written: ~ High level
When "0" is written:  Low level

When an I/O port is set to the output mode, the written data is output unchanged from the I/O port
terminal. When "1" is written as the port data, the port terminal goes high (VDD), and when "0" is written,
the level goes low (VSSD).

Port data can be written also in the input mode.
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« When reading data
When "1"isread:  High level
When "0"isread:  Low level

When the I/O port is in the input mode, the voltage level being input to the port terminal can be read out.
When the terminal voltage is high (VDD) the port data that can be read is "1", and when the terminal
voltage is low (VssD) the data is "0".

When the I/O port is in the output mode, the PO0-P03 register value can be read.

When PUL register is set to "1", the built-in pull down resistor goes ON during input mode, so that the I/O
port terminal is pulled down.

When the serial input/output function is selected for PO0-P03 ports, the registers PO0-P03 in the slave mode
and the registers PO0-P02 in the master mode can be used as a general register having both read and write
functions, and data of these registers exert no affect on input/output signal. In the master mode, since P03 is
not used for the serial interface and can be used as an I/O port, the P03 register becomes the I/O port data
register.

I0C00-10CO03: I/0 control registers (C8H)
The input and output modes of the 1/O ports can be set with these registers.

When "1" is written: ~ Output mode
When "0" is written: ~ Input mode
Reading:  Valid

The input and output modes of the I/O ports are set in one bit unit. IOC00, IOCO01, IOC02 and IOCO03 set
the mode for P00, P01, P02 and P03, respectively.

Writing "1" to the I/O control register makes the corresponding I/O port enter the output mode, and
writing "0" induces the input mode.

At initial reset, these registers are set to "0", so the I/O ports are in the input mode.

When the serial input/output function is selected for PO0-P03 ports, the registers IOC00-IOCO03 in the slave
mode and the registers IOC00-IOCO02 in the master mode can be used as a general register having both
read and write functions, and data of this registers exerts no affect on input/output control. In the master
mode, since P03 is not used for the serial interface and can be used as an I/O port, the IOC03 register
becomes the I/O control register.

PULOO-PULO03: Pull down control registers (C9H)
The pull down during the input mode can be set with these registers.

When "1" is written: ~ Pull down ON
When "0" is written: ~ Pull down OFF
Reading:  Valid

The built-in pull down resistor which is turned ON during input mode is set to enable in units of four bits.
PUL00, PULO1, PUL02 and PULO3 set the pull down for P00, P01, P02 and P03, respectively.

By writing "1" to the pull down control register, the corresponding I/O ports are pulled down (during
input mode), while writing "0" turns the pull down function OFF.

At initial reset, these registers are set to "1", so the pull down function is set to ON.

When the serial input/output function is selected for PO0-P03 ports, the PULO1 register, the PULO2 register
in the master mode and the PULO3 register in the slave mode can be used as general registers having both
read and write functions, and data of this registers exerts no affect on pull down control. In the master
mode, since P03 is not used for the serial interface and can be used as an I/O port, the PULO3 register
becomes the pull down control register.

4.7.6 Programming note

When in the input mode, I/O ports are changed from high to low by pull down resistor, the fall of the
waveform is delayed on account of the time constant of the pull down resistor and input gate capacitance.
Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xCxR
C: terminal capacitance 10 pF + parasitic capacitance ? pF
R: pull down resistance 300 kQ
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4.8 LCD Driver (COM0-COM3, SEGO-SEG15)

4.8.1 Configuration of LCD driver

The S1C62M20 has four common terminals (COM0-COM3) and 16 segment terminals (SEG0-SEG15), so
that it can drive an LCD with a maximum of 64 (16 x 4) segments.

The power for driving the LCD is generated by the S1C62M20 internal circuit so that there is no need to
apply power especially from outside.

The driving method is 174 duty dynamic drive depending on the four types of potential, VDD, VL1, VL2 and
VL3. In addition to the 1/4 duty, 1/3 drive duty can be selected through the software. The frame frequency
is 42.7 Hz for 1/4 duty, and 56.9 Hz for 1/3 duty (fosc1 = 32.768 kHz).

LCD display ON/OFF can be controlled by the software.

Figures 4.8.1.1 and 4.8.1.2 show the drive waveform for 1/4 duty and 1/3 duty.

Note: "fosci" indicates the oscillation frequency of the OSC1 oscillation circuit.
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Fig. 4.8.1.2 Drive waveform for 1/3 duty
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4.8.2 LCD display control and duty switching

(1) LCD drive power
The S1C62M20 has a built-in LCD power generator. The LCD power generator operates with the
boosted voltage Vss2 (VDD standard) and generates the LCD voltage (VL1, VL2, VL3). Therefore, turn the
Vss2 booster ON to generate boosted voltage Vss2 before displaying LCD.
See Section 4.13, "Vss2 Booster", for details of the Vss2 booster.
Figure 4.8.2.1 shows the configuration of the LCD drive power circuit.

VDD
LCD power
generator
! LPWR — LPWR !
VDD | VE%D ! VDD
c1, L v
O | . 1

Vss2

&Qi booster L Ve
Vssa circuit > O ‘
O i
3 T @ R VERE
| 1

Vss2 LCD (O COMO~COM3
drive i

circuit O SEG0~SEG15

Fig. 4.8.2.1 Configuration of LCD drive power circuit

(2) Control of LCD driver
In the S1C62M20, turning ON/OFF of the LCD display can be controlled using the LPWR register. At
initial reset, LPWR is set to "0", and the LCD display is set to the OFF status. In this time, the VL1, VL2,
VL3, COM and SEG (*) terminals goes to VDD level.
To set the LCD display ON, write "1" to the LPWR register.

* Except for the SEG terminals that have been set to DC output by the mask option.
(3) Switching of drive duty

By settings of LDTY register, the LCD drive duty can be selected either 1/4 or 1/3 duty. Table 4.8.2.1
shows the LCD drive duty setting.

Table 4.8.2.1 LCD drive duty setting

LDTY Duty Tgrmlnals used | Maximum number Frame frequency *
in common of segments

v4 COM0-COM3 64 (16 x 4) fosc1/768 (42.7 Hz)

1 13 COM0-COM2 48 (16 x 3) fosc1/576 (56.9 Hz)

* |n case of fosc1 = 32.768 kHz

Basically the LCD drive duty should be selected according to the LCD panel to be used. Select 1/3 duty
if the segment number is 48 segments or less or select 1/4 duty if it is 49 segments or more.

(4) LCD display all OFF
In the S1C62M20, switching from normal display to display all OFF can be controlled using the LOFF
register. By writing "1" to the LOFF register, all the LCD display can be turned OFF unless written to the
segment memory. It returns to the normal display when "0" is written to the LOFF register. This
operation does not affect the contents of the display memory.

(5) LCD driver in SLEEP status
When the S1C62M20 enters SLEEP status, it resets the LCD driver control registers (on the address
E1H) to the initial status. However, it does not change the data in the display memory.
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4.8.3 Mask option (segment allocation)

(1) Segment allocation
The LCD driver has a segment decoder built-in, and the data bit of the optional address in the display
memory area (AOH-AFH) can be allocated to the optional segment. This makes design easy by increas-
ing the degree of freedom with which the liquid crystal panel can be designed.
The allocated segment displays when the bit for the display memory is set to "1", and goes out when bit
is setto "0".

Figure 4.8.3.1 shows an example of the relationship between the LCD segments (on the panel) and the
display memory for the case of 1/3 duty.

Add Data Common 0 | Common1 | Common 2
ress
D3 D2 D1 DO SEG10 AA, DO AB, D1 AB, DO
AAH d c b a (@) (f) (e)
SEG11 AA, D1 AB, D2 AA, D3
ABH p g e
, , , : (b) (9) (d)
ACH | d c b a SEG12 AD,D1 | AA,D2 | AB,D3
ADH P g f e () (c) (p)
Display memory allocation Pin address allocation

SEG10 SEG11 SEG12

[ Jcommono [ Jcommon1 | common 2

Fig. 4.8.3.1 Segment allocation

(2) Output specification

O The segment terminals (SEG0-SEG15) are selected with the mask option in pairs for either segment
signal output or DC output (VDD and Vssb binary output).
When DC output is selected, the data corresponding to COMO of each segment terminal is output.

O When DC output is selected, either complementary output or Pch open drain output can be selected for
each terminal with the mask option.

Note: The terminal pairs are the combination of SEG2 x n and SEG2 x n + 1 (where n is an integer from 0
to 7).

S1C62M20 TECHNICAL MANUAL EPSON 35



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (LCD Driver)

4.8.4 Control of LCD driver

Table 4.8.4.1 shows the LCD driver’s control bits and their address. Figure 4.8.4.1 shows the display
memory map.

Table 4.8.4.1 LCD driver control bits

Address Register — Comment
D3 D2 D1 DO Name Init*1] 1 0
LOFF 0 LDTY LPWR LOFF 0 Alloff | Normal | LCD display al off / normal switch
E1H 0 3 - *2 Unused
RIW R RIW LDTY 0 1/3 1/4 LCD drive duty selection
LPWR 0 On Off LCD driver On/Off

*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read

*2 Not set in the circuit *5 Constantly "0" when being read

*3 Undefined *6 Refer to main manual
Address | ™low| o |\ 1 | > 3|4 |5|6|7|8|9|A|lB|C|D|E|F

Page | High

0 A Display memory (16 words x 4 bits)

Fig. 4.8.4.1 Display memory map

LPWR: LCD driver ON/OFF (E1H+DO0)
Turns the LCD driver ON and OFF.

When "1" is written:  LCD driver ON
When "0" is written:  LCD driver OFF
Reading:  Valid

By writing "1" to LPWR, the LCD driver goes ON. The voltage (VL1, VL2, VL3) that is needed to drive the
LCD and the signals are generated and the LCD panel displays according to the display data set in the
display memory.

When "0" is written to LPWR, the LCD driver goes OFF and the terminals VL1, VL2, VL3, COM and SEG
(except for SEG terminals that are set to DC output by mask option) go to VDD level.

At initial reset and in SLEEP status, this register is set to "0".

LDTY: LCD drive duty selection (E1H+D1)
Sets the LCD drive duty as shown in Table 4.8.4.2.

Table 4.8.4.2 LCD drive duty setting

Terminals used | Maximum number .

LDTY Duty in common of segments Frame frequency
0 14 COMO-COM3 64 (16 x 4) fosc1/768 (42.7 Hz)
1 13 COMO-COM2 48 (16 x 3) fosc1/576 (56.9 Hz)

* |In case of fosc1 = 32.768 kHz

The LDTY register can be read.
At initial reset and in SLEEP status, this register is set to "0".

Display memory (AOH-AFH)
The LCD segments are lit or turned off depending on this data.

When "1" is written:  Lit
When "0" is written:  Not lit
Reading:  Invalid

By writing data into the display memory allocated to the LCD segment (on the panel), the segment can be
lit or put out.

At initial reset, the contents of the display memory for COMO is set to "0", and COM1-COM3 are unde-
fined. Accordingly, when DC output is selected, the output level at initial reset is a low (VssD) level.
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LOFF: LCD display all OFF (E1HD3)
Turns LCD display all OFF.

When "1" is written:  LCD display all OFF

When "0" is written:  Normal display (according to the Display memory)
Reading:  Valid

When "1" is written to LOFF, all the LCD display goes OFF, and it returns to the normal display according
to the display memory when "0" is written.

This operation does not affect the contents of the display memory.

At initial reset and in SLEEP status, this register is set to "0".

4.8.5 Programming notes

(1) The contents of the display memory are undefined until the area is initialized (through, for instance,
memory clear processing by the CPU). Initialize the display memory by executing initial processing.

(2) Since the display memory area is write-only, display data cannot be rewritten by arithmetic operations
(such as AND, OR, ADD, SUB).

(3) The power source for the LCD power generator (VL1, VL2 and VL3 generation circuit) and the operating
clock for the LCD drive timing generator are supplied from the Vss2 booster. Therefore, be sure to turn
the Vss2 booster ON by setting the VSS2 register to "1" before turning the LCD driver ON (LPWR ="1").

(4) The control registers (LOFF, LDTY, LPWR) for the LCD driver are automatically set to the initial status
when the CPU enters SLEEP status using the SLP instruction. Therefore, after returning from SLEEP
status, set the registers’ value again.

In SLEEP status, the Vss2 booster turns OFF.
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49 Clock Timer

4.9.1 Configuration of clock timer

The S1C62M20 has a built-in clock timer as the source oscillator for OSC1 (crystal oscillator). The clock
timer is configured of a 8-bit binary counter that serves as the input clock, a 256 Hz signal output by the
OSC1 oscillation circuit. Timer data (128-16 Hz and 8-1 Hz) can be read out by the software.

Figure 4.9.1.1 is the block diagram for the clock timer.

< Data bus >

Timer Watchdog timer
osc1 |
. —P»|128 Hz-16 Hz —P»| 8 Hz-1Hz
circuit !
SLEEP ‘
Timer reset 32 Hz, 16 Hz Watchdog

2Hz, 1Hz timer reset

Irc]toenrtrruoﬁ)t —» INT (Interrupt request)

Fig. 4.9.1.1 Block diagram for the clock timer

Ordinarily, this clock timer is used for all types of timing functions such as clocks.

4.9.2 Data reading and hold function
The 8 bits timer data are allocated to the addresses D5H and D6H.

D5H DO: TMO(128Hz) D1 TM1 (64 Hz) D2 TM2(32Hz)  D3: TM3 (16 Hz)
D6H DO: TM4 (8 Hz) D1: TM5 (4 Hz) D2: TM6 (2 Hz) D3: TM7 (1 Hz)

Since the clock timer data has been allocated to two addresses, a carry is generated from the low-order data
within the count (TM0-TM3: 128-16 Hz) to the high-order data (TM4-TM7: 8-1 Hz). When this carry is
generated between the reading of the low-order data and the high-order data, a content combining the two
does not become the correct value (the low-order data is read as FFH and the high-order data becomes the
value that is counted up 1 from that point).

The high-order data hold function in the SIC62M20 is designed to operate to avoid this. This function
temporarily stops the counting up of the high-order data (by carry from the low-order data) at the point
where the low-order data has been read and consequently the time during which the high-order data is
held is the shorter of the two indicated here following.

1. Period until it reads the high-order data.
2. 0.48-1.5 msec (varies due to the timing of the reading)

Note: When the high-order data has previously been read, since the low-order data is not held, you should
be sure to first read from the low-order data.
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4.9.3 Interrupt function

The clock timer can cause interrupts at the falling edge of 32 Hz, 16 Hz, 2 Hz and 1 Hz signals. Software
can set whether to mask any of these frequencies.
Figure 4.9.3.1 is the timing chart of the clock timer.

Address | Register| Frequency Timer timing chart
DO 128 Hz
D1 | eaHz |[JJUUNUIUUUUTUUIUTIUUUUUUUUUUUUUUU oo U v iU
D5H
o2 | sewz JUUUUUUUUUUUULUUUUU DUV UUUU LY
p3 | weHz | [ L[ LT L) L)L L L L L L Ly
oo | sHz| | [ | L[ [ L[ [_J LI LI L
D1 awz | [ L[ L [ L [ L
D6H
D2 2 Hz \ | \ L
D3 1Hz | L

32Hzinterruptrequest | t t t t ¢ttt tttttttttttttttttttttttty

16 Hz interrupt request t t t t t t t t 0t t t t t t t ot
2 Hz interrupt request t t
1 Hz interrupt request t

Fig. 4.9.3.1 Timing chart of clock timer

As shown in Figure 4.9.3.1, interrupt is generated at the falling edge of the frequencies (32 Hz, 16 Hz, 2 Hz,
1 Hz). At this time, the corresponding interrupt factor flag (1732, IT16, IT2, IT1) is set to "1". Selection of
whether to mask the separate interrupts can be made with the interrupt mask registers (EIT32, EIT16, EIT2,
EIT1). However, regardless of the interrupt mask register setting, the interrupt factor flag is set to "1" at the
falling edge of the corresponding signal.

Note: < Reading of interrupt factor flags is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to
"1", an interrupt request will be generated by the interrupt factor flags set timing, or an interrupt
request will not be generated. Be very careful when interrupt factor flags are in the same address.

» Write the interrupt mask register only in the DI status (interrupt flag = "0"). Writing during El status
(interrupt flag = "1") will cause malfunction.
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4.9.4 Control of clock timer
Table 4.9.4.1 shows the clock timer control bits and their addresses.

Table 4.9.4.1 Control bits of clock timer

Address Register — Comment
D3 D2 D1 DO Name Init*1] 1 0
*5[ _ *2
0 0 |worsT|TmrsT | © Unused
D4H 0 *5| - *2 Unused
R W WDRST 9 - *2| Reset - Watchdog timer reset
TMRST*5 — *2| Reset - Clock timer and watchdog timer reset
_ *3 i
™3 ™2 ™I T™O ™3 Clock t! mer data (16 Hz)
D5H ™2 - *3 Clock timer data (32 Hz)
R ™1 -*3 Clock timer data (64 Hz)
TMO -3 Clock timer data (128 Hz)
_ *3 i
™7 ™6 ™G ™A ™7 Clock t! mer data (1 Hz)
D6H T™6 - *3 Clock timer data (2 Hz)
R TM5 - *3 Clock timer data (4 Hz)
T™M4 - *3 Clock timer data (8 Hz)
BTl T2 EIT16 EIT32 EIT1 0 Enable Mask | Interrupt mask reg!ster (Clock t!mer 1Hz)
F1H EIT2 0 Enable Mask | Interrupt mask register (Clock timer 2 Hz)
RIW EIT16 0 Enable Mask | Interrupt mask register (Clock timer 16 Hz)
EIT32 0 Enable Mask | Interrupt mask register (Clock timer 32 Hz)
4 :
T T2 IT16 32 IT1 0 Yes No Interrupt factor flag (Clock t!mer 1Hz)
F5H IT2 *4 0 Yes No Interrupt factor flag (Clock timer 2 Hz)
R IT16*4 0 Yes No Interrupt factor flag (Clock timer 16 Hz)
IT32*4] 0 Yes No Interrupt factor flag (Clock timer 32 Hz)
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

TMO-TM7: Timer data (D5H, D6H)

The 128 Hz-1 Hz timer data of the clock timer can be read out with these registers. These eight bits are read
only, and writing operations are invalid.

By reading the low-order data (D5H), the high-order data (D6H) is held while the shorter of the two
indicated below.

1. Period until it reads the high-order data.
2. 0.48-1.5 msec (varies due to the timing of the reading)

At initial reset, the timer data is initialized to "00H".

EIT32, EIT16, EIT2, EIT1: Interrupt mask register (F1H)
These registers are used to select whether to mask the clock timer interrupt.

When "1" is written:  Enabled
When "0" is written:  Masked
Reading:  Valid

The interrupt mask registers (EIT32, EIT16, EIT2, EIT1) are used to select whether to mask the interrupt to
the separate frequencies (32 Hz, 16 Hz, 2 Hz, 1 Hz).

Writing to the interrupt mask registers can be done only in the DI status (interrupt flag = "0").

At initial reset, these registers are all set to "0".
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IT32, IT16, IT2, IT1: Interrupt factor flag (F5H)
These flags indicate the status of the clock timer interrupt.

When "1"isread: Interrupt has occurred
When "0"isread: Interrupt has not occurred
Writing:  Invalid

The interrupt factor flags (1T32, IT16, IT2, IT1) correspond to the clock timer interrupts of the respective
frequencies (32 Hz, 16 Hz, 2 Hz, 1 Hz). The software can judge from these flags whether there is a clock
timer interrupt. However, even if the interrupt is masked, the flags are set to "1" at the falling edge of the
signal.

These flags can be reset through being read out by the software.

Reading of interrupt factor flags is available at El, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will not
be generated. Be very careful when interrupt factor flags are in the same address.

At initial reset, these flags are set to "0".

TMRST: Clock timer reset (D4H+DO0)
This bit resets the clock timer.

When "1" is written:  Clock timer reset
When "0" is written:  No operation
Reading:  Always "0"

The clock timer is reset by writing "1" to TMRST. The clock timer starts immediately after this. No opera-
tion results when "0" is written to TMRST.

TMRST also resets the watchdog timer.

This bit is write-only, and so is always "0" at reading.

4.9.5 Programming notes
(1) Be sure to read data in the order of low-order data (TM0-TM3) then high-order data (TM4-TM7).

(2) When the clock timer has been reset, the interrupt factor flag (IT) may sometimes be set to "1". Conse-
quently, perform flag reading (reset the flag) as necessary at reset.

(3) The clock timer is reset when the CPU enters SLEEP status by the SLP instruction.
(4) When the clock timer has been reset, the watchdog timer is also reset.

(5) Write the interrupt mask register (EIT) only in the DI status (interrupt flag = "0"). Writing during El
status (interrupt flag = "1") will cause malfunction.

(6) Reading of interrupt factor flags is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated. Be very careful when interrupt factor flags are in the same address.
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4.10 Serial Interface (SIN, SOUT, SCLK, SRDY)

4.10.1 Configuration of serial interface

The S1C62M20 has a synchronous clock type 8-bit serial interface built-in.

The configuration of the serial interface is shown in Figure 4.10.1.1.

The CPU, via the 8-bit shift register, can read the serial input data from the SIN terminal. Moreover, via the
same 8-bit shift register, it can convert parallel data to serial data and output it to the SOUT terminal.

The synchronous clock for serial data input/output may be set by selecting by software any one of two
types of master mode (internal clock mode: when the S1C62M20 is to be the master for serial input/output)
and a type of slave mode (external clock mode: when the S1IC62M20 is to be the slave for serial input/
output).

Also, when the serial interface is used at slave mode, SRDY signal which indicates whether or not the serial
interface is available to transmit or receive can be output to the SRDY terminal.

SDO0-SD7

| T ] T ] T T ] T
sINO) Shift register (8-bit) - «‘ >—) souT
(POO) | ‘ ‘ ‘ ‘ ‘ ! ‘ Output (PO1)

t i i i i i ’_f latch

SCPS j) >
SCSO0 SCs1

I
i Serial clock 4. Serial clock . Serial |nterfac_e _ ISIF
[ selector ! counter interrupt control circuit
; Serial clock |, System clock EISIF
‘ generator !
| T
Serial interface »
activating circuit

]

SCTRG
Fig. 4.10.1.1 Configuration of serial interface

(O srDY

(P03)

The input/Zoutput ports of the serial interface are common used with the 1/0 ports PO0-P03, and function
of these ports can be selected through the software.
P00-P03 terminals and serial input/output correspondence are as follows:

Master mode Slave mode

POO = SIN (I) POO =SIN (1)
P01 = SOUT (O) P01 = SOUT (O)
P02 = SCLK (O) P02 = SCLK (1)
P03 = 1/0 port (1/0) P03 = SRDY (O)

Note: At initial reset, POO-P03 are set to I/O ports.
When using the serial interface, switch the function (ESIF = "1") in the initial routine.
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4.10.2 Master mode and slave mode of serial interface

The serial interface of the SIC62M20 has two types of operation mode: master mode and slave mode.

In the master mode, it uses an internal clock as synchronous clock of the built-in shift register, generates
this internal clock at the SCLK (P02) terminal and controls the external (slave side) serial device.

In the slave mode, the synchronous clock output from the external (master side) serial device is input from
the SCLK (P02) terminal and uses it as the synchronous clock to the built-in shift register.

The master mode and slave mode are selected by writing data to registers SCS0 and SCS1.

When the master mode is selected, a synchronous clock may be selected from among two types as shown
in Table 4.10.2.1.

Table 4.10.2.1 Synchronous clock selection

SCsS1 SCSO0 Mode Synchronous clock
1 1 CLK
1 0 Master mode CLK
0 1 CLK/2
0 0 Slave mode External clock

CLK:  CPU system clock (32.768 kHz)
CLK/2: CPU system clock/2

At initial reset, the slave mode (external clock mode) is selected.
Moreover, the synchronous clock, along with the input/output of the 8-bit serial data, is controlled as

follows:

« At master mode, after output of 8 clocks from the SCLK (P02) terminal, clock output is automatically
suspended and SCLK (P02) terminal is fixed at low level.

< At slave mode, after input of 8 clocks to the SCLK (P02) terminal, subsequent clock inputs are masked.

A sample basic serial input/output portion connection is shown in Figure 4.10.2.1.

$1C62M20 External $1C62M20 External
serial device serial device
SCLK P CLK SCLK (<& CLK
SOuUT SOUT SOUT SOuUT
SIN DC SIN SIN }C SIN
Input terminal <& READY SRDY > Input terminal
(a) Master mode (b) Slave mode

Fig. 4.10.2.1 Sample basic connection of serial input/output section
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4.10.3 Data input/output and interrupt function

The serial interface of S1C62M20 can input/output data via the internal 8-bit shift register. The shift
register operates by synchronizing with either the synchronous clock output from SCLK (P02) terminal
(master mode), or the synchronous clock input to SCLK (P02) terminal (slave mode).

The serial interface generates interrupt on completion of the 8-bit serial data input/output. Detection of
serial data input/output is done by the counting of the synchronous clock SCLK; the clock completes
input/output operation when 8 counts (equivalent to 8 cycles) have been made and then generates inter-
rupt.

The serial data input/output procedure data is explained below:

(1) Serial data output procedure and interrupt
The S1C62M20 serial interface is capable of outputting parallel data as serial data, in units of 8 bits.
By setting the parallel data to 4-bit registers SD0-SD3 (CEH) and SD4-SD7 (CFH) individually and
writing "1" to SCTRG bit (CCHeD1), it synchronizes with the synchronous clock and serial data is
output at the SOUT (P01) terminal. The synchronous clock used here is as follows: in the master mode,
internal clock which is output to the SCLK (P02) terminal while in the slave mode, external clock which
is input from the SCLK (P02) terminal. The serial output of the SOUT (P01) terminal changes with the
rising edge of the clock that is input or output from the SCLK (P02) terminal.

When the output of the 8-bit data from SDO to SD7 is completed, the interrupt factor flag ISIF (F4AH=DO0)
is set to "1" and interrupt is generated. Moreover, the interrupt can be masked by the interrupt mask
register EISIF (FOH=D1). Note, however, that regardless of the setting of the interrupt mask register, the
interrupt factor flag is set to "1" after output of the 8-bit data.

(2) Serial data input procedure and interrupt
The S1C62M20 serial interface is capable of inputting serial data as parallel data, in units of 8 bits.
The serial data is input from the SIN (P00) terminal, synchronizes with the synchronous clock, and is
sequentially read in the 8-bit shift register. As in the above item (1), the synchronous clock used here is
as follows: in the master mode, internal clock which is output to the SCLK (P02) terminal while in the
slave mode, external clock which is input from the SCLK (P02) terminal.
The serial data to the built-in shift register is read with the rising edge of the SCLK signal when the
SCPS register is "1" and is read with the falling edge of the SCLK signal when the SCPS register is "0".
Moreover, the shift register is sequentially shifted as the data is fetched.

When the input of the 8-bit data from SDO to SD7 is completed, the interrupt factor flag ISIF is set to "1"
and interrupt is generated. Moreover, the interrupt can be masked by the interrupt mask register EISIF.
Note, however, that regardless of the setting of the interrupt mask register, the interrupt factor flag is
set to "1" after input of the 8-bit data.

The data input in the shift register can be read from data registers SD0-SD7 by software.

(3) Serial data input/output permutation
S1C62M20 allows the input/output permutation of serial data to be selected by register SDP (CDH=D3)
as to either LSB first or MSB first. The block diagram showing input/output permutation in case of LSB
first and MSB first is provided in Figure 4.10.3.1.

Address [CFH] Address [CEH]

SIN Q—% SD7 SD6 SD5 SD4—{SD3 SD2 SD1 SDO | Gutbut % SouT

(In case of LSB first)

Address [CEH] Address [CFH]
SIN Q—% SDO SD1 SD2 SD3

SD4 SD5 SD6 SD7 || Gutput % SouT

(In case of MSB first)
Fig. 4.10.3.1 Serial data input/output permutation
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(4) SRDY signal
When the S1C62M20 serial interface is used in the slave mode (external clock mode), SRDY is used to
indicate whether the internal serial interface is available to transmit or receive data for the master side
(external) serial device. SRDY signal is output from the SRDY (P03) terminal.
SRDY signal becomes "1" (high: VDD level) when the S1C62M20 serial interface becomes available to
transmit or receive data; normally, it is at "0" (low: VssD level).
SRDY signal changes from "0" to "1" immediately after "1" is written to SCTRG and returns from "1" to
"0" when "1" is input to the SCLK (P02) terminal (i.e., when the serial input/output begins transmitting
or receiving data). Moreover, when data is read from or written to SD4-SD7, the SRDY signal returns to
"0".

(5) Timing chart
The S1C62M20 serial interface timing chart is shown in Figure 4.10.3.2.

SCTRG(W) [
SCTRG(R) ] L
SCLK S O A
SIN X X X X X X XX
8-bit shift register FEINEINCINCINCINCINCIN G
SOUT Y X XXX X XX
ISIF !7
SRDY (slave mode) [ ]

(a) When SCPS = "1"
SCTRG(W) M
SCTRG(R) | L
SCLK S O A
SIN X X X X X X XX
8-bit shift register IO CINCINCINNC IO
SOUT MRV ERIEIEIEIEIEIER
ISIF ﬁ
SRDY (slave mode) [ ]

(b) When SCPS ="0"
Fig. 4.10.3.2 Serial interface timing chart

4.10.4 Mask option

Since the input/output terminal of the serial interface is dual used with the 1/0 ports (P00-P03), the mask
option that selects the output specification for the 1/0 port is also applied to the serial interface.

The output specification of the terminals SOUT, SCLK (during the master mode) and SRDY (during the
slave mode) that are used as output in the input/output port of the serial interface is respectively selected
by the mask options of P01, P02 and P03.

Either complementary output or P channel (Pch) open drain as output specification may be selected.
However, even if Pch open drain has been selected, application on the terminal of voltage exceeding power
source voltage is not permitted.

Select complementary output for the output specification of the SIN (P00) terminal.

S1C62M20 TECHNICAL MANUAL EPSON 45



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Serial Interface)

4.10.5 Control of serial interface
Table 4.10.5.1 list the serial interface control bits and their addresses.

Table 4.10.5.1 Control bits of serial interface

Address Register - Comment
D3 D2 D1 DO Name Init*1] 1 0
0 *5 _*2 Unused
0 0 SCTRG | ESIF 0 *5| _*2 Unused
CCH ISCTRG(W)| - *2 | Trigger - Serial interface clock trigger (writing)
R RIW SCTRG(R) 0 Run Stop | Seria interface clock status (reading)
ESIF 0 SIF port | 1/O port | PO port function selection
SDP scps | scst SCS0 SDP 0 LSB first | MSB first Serial fjatainpuﬂoutput permutati(_)n
SCPS 0 f 1 Seridl interface clock phase selection
CDH RIW SCS1 0 ] Serial interface clock mode selection
SCS0 0 0: Save, 1: CLK/2, 2: CLK, 3: CLK
SD3 SD2 SD1 SDO 232 - :z MSB
CEH b1 oy Serial interface data (low-order 4 bits)
R SDO -2 s
SD7 | SD6 | SD5 | SD4 :B; - 2 MsB
CFH o e Serial interface data (high-order 4 bits)
RIW SD4 - *2 _| LSB
PULO3 1 On off Master mode: PO3 pull down control register
PULO3 | PULO2 | PULO1 | PULOO | PULO3 1 1 0 Slave mode: General-purpose register
PUL02 1 1 0 Master mode: General-purpose register
CoH PUL02 1 On off Slave mode: SCKL pull down control register
RIW PULO1 1 1 0 General-purpose register
PUL0O 1 On Off SIN pull down control register
EIKL EIKO EISIE EIAD EIK1 0 Enable Mask | Interrupt mask reg?ster (K10K13)
EIKO 0 Enable Mask | Interrupt mask register (KOO-K03)
FOH RW EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
0 0 0 ISIF o Unused
0 *9 - *2 Unused
FaH R 0 *5| - *2 Unused
ISIF*4 0 Yes No Interrupt factor flag (Serial interface)
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

ESIF: PO port function selection (CCH<DO)
Sets PO0-P03 to the input/output port for the serial interface.

When "1" is written:  Serial interface
When "0" is written: 170 port
Reading:  Valid

P00, P01, P02 and P03 will function as SIN, SOUT, SCLK, SRDY, respectively.

In the slave mode, the P03 terminal functions as the SRDY output terminal, and in the master mode, it
functions as the 170 port terminal.

At initial reset, this register is set to "0".

PULOO, PULO02: Pull down control register (C9H+<DO0, D2)
Sets the pull down of SIN terminal and SCLK terminal (in the slave mode).

When "1" is written:  Pull down ON
When "0" is written:  Pull down OFF
Reading:  Valid

Sets the pull down resistor built into the SIN (P00) and SCLK (P02) ports to ON or OFF. SCLK pull down is
effective during the slave mode.
At initial reset, these registers are set to "1".
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SCSO0, SCS1: Cock mode selection (CDH<DO, D1)
Selects the synchronous clock for the serial interface (SCLK).

Table 4.10.5.2 Synchronous clock selection

SCs1 SCSO0 Mode Synchronous clock
1 1 CLK
1 0 Master mode CLK
0 1 CLK/2
0 0 Slave mode External clock

CLK:  CPU system clock (32.768 kHz)
CLK/2: CPU system clock/2

Synchronous clock (SCLK) is selected from among the above 3 types: 2 types of internal clock and external clock.
At initial reset, external clock is selected.

SCPS: Shift clock phase selection (CDH+=D2)
Selects the timing for reading in the serial data input from SIN (P00) terminal.

When "1" is written:  Rising edge of SCLK
When "0" is written:  Falling edge of SCLK
Reading:  Valid

Selects whether the fetching for the serial input data to the registers (SD0-SD7) at the rising edge (at "1"
writing) or falling edge (at "0" writing) of the SCLK signal.

The input data fetching timing may be selected but output timing for output data is fixed at SCLK rising edge.
When the internal clock is selected as the synchronous clock (SCLK), a hazard occurs in the synchronous
clock (SCLK) when data is written to the SCPS register.

At initial reset, this register is set to "0".

SDP: Data input/output permutation selection (CDH+D3)
Selects the serial data input/output permutation.

When "1" is written:  LSB first
When "0" is written:  MSB first
Reading:  Valid

Select whether the data input/output permutation will be MSB first or LSB first.
At initial reset, this register is set to "0".

SCTRG: Clock trigger/status (CCHeD1)
This is a trigger to start input/output of synchronous clock (SCLK).

* When data iswritten
When "1" is written:  Trigger
When "0" is written:  No operation

When this trigger is supplied to the serial interface activating circuit, the synchronous clock (SCLK) input/
output is started.

As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be performed
prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through data writing/
reading on data registers SD0-SD?7.)

Supply trigger only once every time the serial interface is placed in the RUN state. Refrain from performing
trigger input multiple times, as leads to malfunctioning.

Moreover, when the synchronous clock SCLK is external clock, start to input the external clock after the
trigger.

* When dataisread
When "1"isread: = RUN status
When "0"isread:  STOP status

When read out this bit, it indicates the status of serial interface clock.

After "1" is written to SCTRG, this value is latched till serial interface clock stops (8 clock counts). There-
fore, if "1" is read, it indicates that the synchronous clock is in input/output operation.

When the synchronous clock input/output is completed, this latch is reset to "0".

At initial reset, this bit is set to "0".
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SD0-SD3, SD4-SD7: Serial interface data register (CEH, CFH)
These registers are used for writing and reading serial data.

* When data is written
When "1" is written: High level
When "0" is written: Low level

Writes serial data will be output to SOUT (P01) terminal. From the SOUT (P01) terminal, the data converted
to serial data as high (VDD) level bit for bits set at "1" and as low (VssD) level bit for bits set at "0".

* When dataisread
When "1"isread:  High level
When "0"isread:  Low level

The serial data input from the SIN (P00) terminal can be read by this register.

The data converted to parallel data, as high (VDD) level bit "1" and as low (VssD) level bit "0" input from
SIN (P00) terminal. Perform data reading only while the serial interface is halted (i.e., the synchronous
clock is neither being input or output).

At initial reset, these registers will be undefined.

EISIF: Interrupt mask register (FOH<D1)
This is the interrupt mask register of the serial interface.

When "1" is written:  Enabled
When "0" is written:  Masked
Reading:  Valid

With this register, masking of the serial interface interrupt can be selected.
At initial reset, this register is set to "0".

ISIF: Interrupt mask register (F4H<DO0)
This is the interrupt factor flag of the serial interface.

When "1"isread: Interrupt has occurred
When "0"isread: Interrupt has not occurred
Writing:  Invalid

From the status of this flag, the software can decide whether the serial interface interrupt.

The interrupt factor flag is reset when it has been read out.

Note, however, that even if the interrupt is masked, this flag will be set to "1" after the 8-bit data input/
output.

Reading of interrupt factor flags is available at El, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will not
be generated.

At initial reset, this flag is set to "0".

4.10.6 Programming notes

(1) Perform data writing/reading to data registers SD0-SD7 only while the serial interface is halted (i.e.,
the synchronous clock is neither being input or output).

(2) As atrigger condition, it is required that data writing or reading on data registers SD0-SD7 be per-
formed prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through
data writing/reading on data registers SD0-SD7.) Supply trigger only once every time the serial
interface is placed in the RUN state. Moreover, when the synchronous clock SCLK is external clock,
start to input the external clock after the trigger.

(3) Reading of interrupt factor flags is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated.
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4.11 A/D Converter

4.11.1 Configuration of A/D converter

The S1C62M20 has a built-in dual slope type A/D converter and an analog switch circuit. Combination of
the A/D converter and the analog switch circuit make up the DMM (digital multimeter), and can measure
various items. See Section 4.12, "Measurement Circuit and Measurement Procedure”, for measurement
when using these circuits as DMM.

Two types of resolution and conversion time are set in the SLC62M20 A/D converter as follows:

Mode Resolution (count) Conversion time (msec)
Normal mode 4,370 400
High-speed mode 441 100

See Chapter 7, "ELECTRICAL CHARACTERISTICS", for the conversion precision.
Figure 4.11.1.1 shows the A/D converter block diagram.

S1C62M20 [A/D]

\VDD/VDDA

CH

Reference voltage
controller

Selector

Reference voltage
generator

#V A 4

-

Vssp/VssA
C1

Vss2 booster

[ Vss2
Ll

A/D clock

Vi < [ 21.845 kHz

R6 —
R5/VI2 * >
R4/VI3
R3/VI4
R2/VI5

R1

IIL

IIH

OoVvX
OVSG Dual slope
SGND counter

CFl

Dual slope
__ Analog switch control A/D controller

Analog switch
circuit

v

OP-AMP

i

Q 1
a
2 <

AVX1
AVX2

Fig. 4.11.1.1 A/D converter block diagram
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4.11.2 Power supply and reference voltage generator for A/D converter

The A/D converter operates with Vssa as the analog GND, VDDA as the positive power and Vss2 as the
negative power. Vss2 is the voltage generated by the voltage booster built into the S1C62M20. Therefore, be
sure to turn the Vss2 booster ON before operating the A/D converter. See Section 4.13, "Vss2 Booster" for
details of the Vss2 booster.

Figure 4.11.2.1 shows the configuration of the A/D converter power supply system.

by v ) T Vopvesd

* >
l VssD I o
- % I Dual slope
[ VDDA ! counter

N

VssA ;{

Analog GND

A/D
Vss2
control
booster ircuit
|| Vss2 circui
L
iVssz [
,,,,,,,,,,,,,,,,,,,,,,,,,,, Yy .l
VDD, VDDA ! \ 4

’ A/D converter ‘ Analog switch

control circuit

[ o |

L. VDD-Vss2
Vssp, VssA
A/D (Analog GND)
Reference
voltage Analog switch circuit
generator
B6V------ Vss2

VDDA-Vss2

Fig. 4.11.2.1 Configuration of A/D converter power supply system

The S1C62M20 generates the reference voltage VRF1 by turning the A/D converter ON. Another reference
voltage VRr2 that is needed for A/D conversion is generated by dividing with resistors connected to the
S1C62M20 externally.

Figure 4.11.2.2 shows the circuit diagram of the reference voltage generator.

VDDA A A i R1
— VRR N »AD —Z) R2NVI5
- -0 R3VI4
Vref 1 O RANVI3
e X-O R5NVI2
vss2 O LX-O R6

Fig. 4.11.2.2 Circuit diagram of reference voltage generator
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The reference voltage VRr2 (218.5 mV) after dividing with external resistors is supplied to inside of the
S1C62M20 from the VRr2 terminal and is used as the reference voltage for the A/D converter. The VRF1 and
VRF2 voltage values can be adjusted using the variable resistor r4 shown in Figure 4.11.2.2. The VRr1 and
VRF2 voltage values should be set as below.

VRF1=1.0t0 1.2V (VRF1-VSSA)
VRF2 =218.5 mV (VRF2-VssA)

The following shows the voltage values of rl to r4 (shown in Figure 4.11.2.2) for reference.
rl=82kQ r2=22kQ r3=120kQ r4 =75 k—412 kQ

The VRF1 voltage is used as the reference voltage for generating the measurement voltage at the time of
resistance measurements. The VRr2 voltage is supplied to the A/D converter as the positive reference
voltage (+VR) and the negative reference voltage (-VR) via the reference voltage controller.

4.11.3 Clock for A/D converter

The S1C62M20 uses a 21.845 kHz clock for the A/D converter. This clock is generated by dividing the clock
from the OSC1 oscillation circuit (32.768 kHz).

[32.768 kHz x 2/3 = 21.845 kHz (A/D conversion clock) ]

The divider is built into the Vss2 booster, so be sure to turn the Vss2 booster ON before turning the A/D
converter ON. See Section 4.13, "Vss2 Booster" for details.

4.11.4 A/D converter control circuit (Dual slope A/D controller)

The S1C62M20 has a built-in timing circuit (clock counter), that sets the time (period) of the auto zero
adjustment, the input integral and the reverse integral, within the A/D converter control circuit (dual slope
A/D controller). The A/D converter is controlled with the signal from the timing circuit. The timing circuit
uses a 21.845 kHz clock from the Vss2 booster.

Table 4.11.4.1 shows the clock numbers that are taken for each period (auto zero adjustment, input integral
and reverse integral).

Table 4.11.4.1 Number of clocks for A/D conversion

Mode AL_Jto zero ‘ Input Reverse Total
adjustment integral integral

High speed mode 1526 218 441 2185

Normal mode 2185 2185 4370 8740

1 clock: 1/21845 sec

4.11.5 Operation of dual slope type A/D converter
Figure 4.11.5.1 shows the circuit diagram of the A/D converter built into the S1C62M20.

RB1 RB2 RB3
Caz Ci]

s
S

VIN—0 g O

%R © h AID

VRO control
j - circuit

GND o

(SGND) GND
(SGND)

Re1 =390 kQ Caz=0.1pF
RB2 = 329 kQ Ci=0.1pF
RB3 = 39 kQ

Fig. 4.11.5.1 Circuit diagram of A/D converter
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This A/D converter performs A/D conversion according to the following three sequences.

< Auto zero adjustment period
e Input integral period
« Reference voltage reverse integral period

The time of respective periods becomes as shown in Table 4.11.5.1 according to the high-speed mode and
normal mode (setting of ADSPD, E2H<D1 in the I/0 memory).

Table 4.11.5.1 A/D conversion time

ADSPS | Resolution Al_Jto zero _ Input Reverse T_otal
adjustment integral integral time
0 4370 100 msec 100 msec 200 msec 400 msec
1 441 70 msec 10 msec 20 msec 100 msec
« When input voltage is positive pole (VssAa = GND)
Auto zero Input Reverse Auto zero
adjustment integral integral adjustment
Buffer AMP GND R
output '
Integral AMP GND -
output -
« When input voltage is negative pole (Vssa = GND)
Auto zero Input Reverse Auto zero
adjustment  integral integral adjustment

\

¢ hd

Buffer AMP GND !
output

Integral AMP .
OU'[pUt GND %

Fig. 4.11.5.2 Output waveform during A/D conversion

The following will explain the outline of A/D operations in the respective period. However in the resist-
ance measurement mode, there are differences in the operation in the reverse integral period, operation in
the high-speed mode, and the reference voltage that is used during reverse integral. See Section 4.12,
"Measurement Circuit and Measurement Procedure", for details.

(1) A/D conversion in normal mode

1. Auto zero adjustment period
Auto zero adjustment is the sequence initially effected in order to compensate for error in the A/D
conversion results, due to the offset voltage of the buffer AMP (BUF), integral AMP (INT) and compara-
tor (CMP).
The switch S1 in Figure 4.11.5.1 is connected to the GND at the beginning of this period and the
switches S2, S3, S4, S7 and S8 go ON to discharge the capacitor Ci. At this time, the resistors (Rs1 and
RB3) that are connected to the BUF1 and BUF3 terminals are used in parallel for discharge.
Then the switches S7 and S8 go OFF, and voltage is charged into CAz to correct the offset.
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2. Input integral period
When the auto zero adjustment period terminates, the A/D converter starts the integral of the input
voltage by connecting the switch S1 to the VIN side, turning the switch S2 OFF and turning the switches
S3 and S4 ON. The input voltage of the integral AMP changes according to the time constant of the
integral resistance RB1 and the capacitor Ci, and the waveform indicated in Figure 4.11.5.2 is output
from the integral AMP. The slope of this integral output waveform changes in proportion to the input
voltage. The portion charged into the CAz due to the previous auto zero adjustment is added to the
input voltage of the integral AMP and negates the offset voltage.
The time of the input integral period is obtained by counting the A/D clock (21.845 kHz) 2,185 times.
(The A/D clock is generated from the Vss2 booster in dividing the OSC1 clock by 1.5.)

1
tX = ———— % 2185 =100 msec (Equation 4.11.5.1)
32,768 x (2/3)
Relation between the integral AMP output voltage VINT and time t is indicated by the following
equation.

t
VINT = -VIN % xR (Equation 4.11.5.2)

VIN: Input voltage

t: Integral time

Ci:  Integral capacity
RB: Integral resistance

3. Reference voltage reverse integral period
When the input integral period is completed, the A/D converter shifts into the reverse integral period
using the reference voltage. The switch S1 is connected to the +VR or -VR side and the switch S2 is kept
in OFF.
The side of opposite polarity to the input voltage that effected the integral in step 2 is selected for the
polarity of the reference voltage VR.

» When the input voltage VIN is positive: ~ Switch S1 connects to the -VR side
* When the input voltage VIN is negative: Switch S1 connectsto the +VR side

For this purpose, the polarity of the input voltage is checked by a comparator for the input integral
period, and which of the polarities to be used is selected in advance.

At the same time as it begins the reverse integral by the reference voltage, the dual slope counter begins
counting up using the 21.845 kHz clock. The content of this counter is reset to the input integral period
and hence counts up from "0".

Reverse integral continues until the comparator detects that the output of the integral AMP has become
"0" (GND) and at that point the dual slope counter stops, then shifts to the next A/D conversion
sequence (auto zero adjustment period).

Since the slope of the reverse integral waveform is fixed (except for the resistance measurement mode),
the counter value according to the integral result of the input voltage in step 2 is obtained from the dual
slope counter. The counter value n at this time is indicated by the following equations.

Output voltage Vx of the integral AMP when an input integral period has finished is

tx
VX = -VIN x “CixRe (Equation 4.11.5.3)
[ B

VIN: Input voltage

tx:  Integral time (1/21.845 kHz) x (2,185 counts)
Ci:  Integra capacity

RB: Integral resistance

The reverse integral is done using the reference voltage VR. If a counter value when the reverse integral
has completed is n, the voltage change Vs during the reverse integral is

1/21,845 x n .
Vs =-VR x C<Re (Equation 4.11.5.4)

Since the output voltage VINT of the integral AMP when the reverse integral has completed becomes "0"
(GND),

VINT=Vx-Vs=0 VX =Vs (Equation 4.11.5.5)
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According to Equations 4.11.5.3,4.11.5.4 and 4.11.5.5,

VIN x 2185 .
n= ——m—— (Equation 4.11.5.6)
VR
Since the reference voltage VR is set to 218.5 mV in the S1C62M20, n becomes as below.
n =VIN x 1000

The dual slope counter is a decimal counter. Consequently, if 120 mV is input to the VIN terminal, the
counter value becomes "1,200". (Actually it may not become "1,200" because a conversion error occurs.
See Chapter 7, "ELECTRICAL CHARACTERISTICS", for the conversion error.)

The counter data is loaded into the registers of addresses E7TH to EAH when an A/D conversion has
finished (when the reverse integral has finished) and is maintained until the next A/D conversion is
finished. A/D conversion results can be obtained by reading the addresses E7H to EAH.

(2) A/D conversion in high speed mode

1. Auto zero adjustment period
In the auto zero adjustment period during the high speed mode, the switch S1 in Figure 4.11.5.1 is
connected to the GND at the beginning of this period and the switches S2, S7 and S8 go ON. In this
status, the capacitor Ci is discharged and the capacitor CAz is charged to correct the offset.
This period in the high speed mode is 70 msec.

2. Input integral period
The input integral period in the high speed mode differs from the normal mode in the following two
points: one is the integral resistance RB3 that is connected to the BUF3 terminal is used, and another is it
takes 10 msec for an input integral period.
The time of the input integral period is obtained by counting the A/D clock (21.845 kHz) 218 times.
(The A/D clock is generated from the Vss2 booster in dividing the OSC1 clock by 1.5.)

1
tx= ———— x 218 =10 msec (Equation 4.11.5.7)
32,768 x (2/3)
The high speed mode uses the resistor Re3 connected to the BUF3 terminal for integration. The slope of
the integral waveform output from the integral AMP (Figure 4.11.5.2) steepens than that of the normal
mode because the RB3 is set smaller than the integral resistance Re1 used in the normal mode.

3. Reverseintegral period
Output voltage Vx of the integral AMP when an input integral period during the high speed mode has
finished is
tx

VX = -VIN X C—R (Equation 4.11.5.8)
I x RB

VIN: Input voltage

tx:  Integral time (1/21.845 kHz) x (218 counts)
Ci:  Integral capacity

RB: Integral resistance

The value of the reference voltage VR that is used for the reverse integral in the high speed mode is the
same as the normal mode.
According to Equations 4.11.5.6 and 4.11.5.8, nH (counter value in the high speed mode) is calculated as
below.
VIN x 218
nH= — (Equation 4.11.5.9)
VR
Since the value of the reference voltage VR is the same as the normal mode, conversion errors in the
high speed mode occurs more frequently than in the normal mode.
The counter data is loaded into the registers of addresses E7TH to EAH even in the high speed mode.
However in the high speed mode, the register value of the address E7H is always "0", and the upper
three digits are effective for the conversion results.
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Table 4.11.5.2 Example of A/D conversion result
When the input voltage VIN = 234.2 [mV]

Maximum A/D data register
Mode
count number EAH E9H E8H E7H
Normal mode 4370 2 3 4 2
High speed mode 441 2 3 4 0

* In the high speed mode, E7H is always "0".
* Data in the above table is for reference, and is not guaranteed.

4.11.6 A/D conversion and interrupt
This section explains about the control and interrupt of the A/D conversion and reading of data.

(1) Turning A/D converter ON/OFF
The power supply to the circuit of the A/D converter is normally kept OFF, in order to reduce current
consumption. The A/D converter starts when "1" is written into the register ADON and continues to
operate until a "0" has been written. It terminates A/D conversion when a "0"is written into the ADON
and the circuit also goes OFF.
The ADON can be read and is "1" while the circuit is operating and is "0" when it is stopped.
When "1" is written into the ADON, it resets the A/D converter (resets the dual slope counter to "0")
and executes the A/D conversion sequence from the auto zero adjustment. Writing "1" into ADON is
also effective during A/D conversion and it terminates the sequence during the current execution and
starts a new A/D conversion sequence.

ADON write signal |l| |l| |Q|

ADON register 0 | 1 Lo

A/D converter OFF ON loFF

Buffer AMP output ™ i
Reitart

Fig. 4.11.6.1 Control of A/D conversion by the ADON register

(2) A/D interrupt
When an input integral period has terminated and the reverse integral starts according to the reference
voltage, the dual slope counter is counted up from "0". At the point where the integral AMP output due
to the reverse integral has crossed "0", the count stops and the data of the dual slope counter is latched.
When the reverse integral period has terminated, the A/D interrupt factor flag IAD is set to "1" and an
interrupt occurs.
The A/D interrupt can also be masked by writing a "0" into the interrupt mask register EIAD. When
EIAD is set to "1", an interrupt occurs.
The interrupt factor flag IAD is set to "1" when the reverse integration period has terminated, regardless
of the setting of the interrupt mask register and is reset to "0" by reading.
Write the interrupt mask register only in the DI status (interrupt flag = "0"). Writing during EI status
(interrupt flag = "1") will cause a malfunction.

(3) Reading of A/D conversion result
The dual slope counter is a four-digit decimal counter and is configured with three 4-bit data corre-
sponding to E7H, E8H and E9H, and one 3-bit data corresponding to EAH. This counter counts up from
"0" in decimals during the reverse integration period. The result that has been counted is latched upon
completion of the reverse integral period and the data from that latch can be read. This data (DSC00-
DSC32) is allocated to the addresses ETH-EAH. The register ADP that indicates the polarity of inputs
during the input integral period is allocated to E6H. When an input is positive (+) the ADP becomes "1"
and when it is negative (-) it becomes "0".
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The latched data is effective until the next A/D conversion is completed and it is necessary to read up
to that point. Basically the read processing should be done using the A/D interrupt. Moreover, the data
should read in order of ETH - E8H — E9H - EAH from the lower side. This is because to the follow-
ing reason.

When the following A/D conversion terminates during data reading, the latched data is just rewritten.
For this reason, the IDR bit is set into the address EBH, so that it can decide whether the data read is
effective or invalid, by reading the IDR bit following the reading of data. When the reading of the data
in the above sequence has been completed prior to the termination of the next A/D conversion, the IDR
becomes "0", indicating that the data is effective. When the following A/D conversion has been termi-
nated and the latch rewritten before the reading terminates, the IDR becomes "1", indicating that the
data is invalid.

The circuit that sets this IDR decides whether the data has been read and the reading terminated by the
above mentioned data read address. Consequently, data reading should be done in the above men-
tioned sequence and then decide whether the data is effective or invalid by reading the IDR.

Further, be sure to read the data while the A/D converter is ON (ADON = "1"). Be aware that conver-
sion data may sometimes become invalid by turning the A/D converter OFF. In addition, the latched
data is cleared when the CPU enters SLEEP mode.

Figure 4.11.6.2 shows a timing chart for the A/D conversion.

Buffer AMP output

ADON register |

A/D interrupt I I I

Read F7H [ [ [

Read F8H [ [ [

Read FOH [ [ [

Read FAH [ [ [

B

\
OK OK N

Read IDR [ [

IDR bit

®

Fig. 4.11.6.2 A/D conversion timing chart

Note: The A/D converter automatically restarts from the auto zero adjustment period when writing is done
to the registers on the addresses listed below.

E2H ...A/D converter setting registers (ADON, ADSPD, IIN, BUFF)
E4H ...Measurement function selection registers (FNCO, FNC1, FNC2)
E5H ...Measurement range selection registers (RNGO, RNG1, RNG2)

The auto restart is done by writing with software only.

Furthermore, these registers are set to the initial status when the CPU enters SLEEP mode (A/D
converter is OFF status). Therefore, set the above registers again when the CPU reactivates from
SLEEP status.
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4.11.7 Control of A/D converter

Table 4.11.7.1 lists the A/D converter’s control bits and their addresses.
Table 4.11.7.1 Control bits of A/D converter

Address Register — Comment
D3 D2 D1 DO Name Init*1] 1 0
BUFF | N | ADsPD | Apon | BUFF | O N - | Fixao o
E2H IIN 0 IIH IIL Current measurement terminal switching
RW ADSPD 0 100mS | 400 mS | A/D conversion speed switching
ADON 0 On Off A/D converter On/Off
*5[ _ *2
0 0 0 ADP 0 Unused
E6H 0 *5 - *2 Unused
R 0 *5 -*2 Unused
ADP 1 Positive | Negative | A/D converter polarity judgment
DSC03 | DSC02 | DSCO01 | DSCO00 32232 8 1 g
E7H A/D conversion data (00-03)
R DSC01 0 1 0
DSC00 0 1 0 _
DSC13 | DSC12 | DSC11 | DSC10 3232 8 1 8
E8H A/D conversion data (10-13)
R DSC11 0 1 0
DSC10 0 1 0 _
DSC23 | DSC22 | DSC21 | DSC20 gzg;g 8 1 g
A/D conversion data (2023
EoH R DSC21 0 1 0 ( )
DSC20 0 1 0 _
*5[ _ *2
o | pscaz2 | pscar | pscao| O Unused
EAH DSC32 0 1 0
R DSC31 0 1 0 A/D conversion data (30-32)
DSC30 0 1 0 _
*5 _ *2
0 bR | stst | stso [ O , | Unusd
EBH IDR 0 Invalid | Effective | Read data status
R STS1 0 ] A/D conversion status 0: auto zero adjustment,
STS0 0 1: input integral, 3: reverseintegral
EIKL EIKO EISIE EIAD EIK1 0 Enable Mask | Interrupt mask reg!ster (K10-K13)
FOH EIKO 0 Enable Mask | Interrupt mask register (K00-K03)
RW EISIF 0 Enable Mask | Interrupt mask register (Seria interface)
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
*5[ _ *2
0 0 0 1AD 0 Unused
E6H 0 *5 - *2 Unused
R 0 *5 -*2 Unused
IAD *4 0 Yes No Interrupt factor flag (A/D converter)
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

ADON: A/D converter control (E2HDO0)
Turns the A/D converter ON/OFF and restarts it.

When "1" is written:  ON and restart
When "0" is written:  OFF
Reading:  Valid

When "1" is written to the ADON register while the A/D converter is in the stop status, the A/D converter
and the reference voltage generator start operating. If "1" is written to the ADON register during an A/D
conversion, the A/D conversion is interrupted and a new A/D conversion cycle (from the auto zero
adjustment) starts.

When "0" is written to the ADON register, the A/D conversion is terminated and the A/D converter goes
OFF.

At initial reset and in SLEEP mode, this register is set to "0".
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ADSPD: A/D conversion speed switching (E2H<D1)
Switches the conversion mode of the A/D converter.

When "1" is written:  High speed mode (100 msec)
When "0" is written:  Normal mode (400 msec)
Reading:  Valid

When "1" is written to the ADSPD register, the A/D conversion mode is set to the high speed mode. If the
A/D conversion mode is changed to the high speed mode during A/D conversion in the normal mode by
writing "1" to this register, the A/D conversion in the normal mode is interrupted and it restarts from the

auto zero adjustment in the high speed mode.

At initial reset and in SLEEP mode, this register is set to "0".

IIN: Current measurement terminal switching (E2H<D2)
BUFF: (E2H+D3)
...See Section 4.12, "Measurement Circuit and Measurement procedure"”.

ADP: A/D converter polarity judgment (E6H+DO)
Indicates the polarity of the input voltage.

When "1"isread:  Positive pole
When "0"isread:  Negative pole
Writing:  Invalid

By reading this register with software, the polarity of the input voltage that is input to the A/D converter
during the input integral period can be checked. When the A/D converter input voltage during the input
integral period is positive (+), the ADP becomes "1" and when it is negative (-), it becomes "0".

This data is rewritten at the same time with the A/D conversion data (E7TH-EAH)

At initial reset and in SLEEP mode, this register is set to "1".

DSC00-DSC32: A/D conversion data (E7TH-EAH-D2)

Decimal data of an A/D conversion result that is counted during the reverse integral period by the dual
slope counter.

This data is effective from the time when the reverse integral period has terminated until the next reverse
integral period is terminated. Read the data during this period in the order of the address

E7H - E8H - E9H . EAH.

At initial reset and in SLEEP mode, these registers are set to "0".

STSO0, STS1: A/D conversion status (EBH<DO, D1)
Indicates the A/D converter status.

Reading:
STS1 | STSO Status
0 0 During auto zero adjustment
0 1 During input integral execution
1 1 During reverse integral execution

There is no setting of (STS1, STS0) = (1, 0)
Writing:  Invalid

By reading these bits, the execution status of the A/D converter can be checked as in the above table.When
the A/D converter terminates a reverse integral period, the status indication becomes "during auto zero
adjustment".

At initial reset and in SLEEP mode, STSO and STS1 are set to "0".

IDR: Read data status (EBH<D2)
Indicates whether the data that has been read is effective or invalid.

When "1" is read: Data invalid
When "0"isread:  Data effective
Writing:  Invalid

It can decide whether the data that has been read is effective or invalid by reading the IDR after data has
been read.
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When the reading of the data has completed before the next A/D conversion terminates, the IDR is set to
"0". When the next A/D conversion terminates before the previous data is read, the IDR is set to "1" to
indicate data invalid, so that the data will be rewritten. The IDR that has been set to "1" is reset to "0" by
reading.

At initial reset and in SLEEP status, the IDR is set to "0".

EIAD: Interrupt mask register (FOH<DO)
Select whether to mask interrupt with the A/D converter.

When "1" is written:  Enable
When "0" is written: Mask
Reading:  Valid

The A/D interrupt is permitted when "1" is written in the EIAD. When "0" is written, the interrupt is
masked.
At initial reset, this register is set to "0".

IAD: Interrupt factor flag (F6H<DO)
This flag indicates interrupt caused by the A/D converter.

When "1"isread: Interrupt has occurred
When "0"isread: Interrupt has not occurred
Writing:  Invalid

From the status of this flag, the software can decide whether an A/D interrupt has occurred.

This flag is reset when the software has read it.

Reading of interrupt factor flag is available at El, but be careful in the following cases.

If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to "1", an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will not be
generated.

The IAD is set to "1" when a reverse integral period has finished even if the interrupt has been masked.
The interrupt factor flag may be set when the A/D conversion setting is changed or the CPU enters SLEEP
status. Therefore, read (clear) the flag if necessary.

See Section 4.12, "Measurement Circuit and Measurement Procedure”, for details of E4AH (A/D conversion
function switching) and E5H (Range switching).

At initial reset, this flag is set to "0".

4.11.8 Programming notes

(1) Be sure to check whether the data is effective or invalid by reading the A/D conversion data in the
order F7TH - F8H - F9H - FAH and immediately thereafter reading the IDR.

(2) The interrupt factor flag may be set when the A/D conversion setting is changed (writing to E2H, E4H
or E5H) or the CPU enters SLEEP status. Therefore, read (clear) the flag if necessary.

(3) The A/D converter is automatically set to the auto zero adjustment period when writing is done to the
addresses E2H, E4H (function switching) and E5H (range switching). If the ADON register has been set
to "1" (A/D converter is ON) at this time, the A/D conversion restarts with the new settings from the
auto zero adjustment.

(4) The registers on the addresses E2H and E4H to EBH are set to initial status when the CPU enters SLEEP
mode. Therefore, set the registers again when the CPU reactivates from SLEEP status.

(5) Write the interrupt mask register (EIAD) only in the DI status (interrupt flag = "0"). Writing during EI
status (interrupt flag = "1") will cause a malfunction.

(6) Reading of interrupt factor flag is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flag to be read is set to "1", an
interrupt request will be generated by the interrupt factor flag set timing, or an interrupt request will
not be generated.
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4.12 Measurement Circuit and Measurement Procedure

4.12.1 Sort of measurement

The S1C62M20 has a built-in dual slope type A/D converter and an analog switch circuit. Combination of
the A/D converter and the analog switch circuit make up the DMM (digital multimeter), and can measure
various items. The measurement mode can be set using the measurement function selection register
(FNCO-FNC2) on the address E4H. Table 4.12.1.1 shows the relationship of the measurement function
selection register and the measurement mode that are available in the S1C62M20.

Table 4.12.1.1 Measurement mode on SIC62M20

Address| D3 | D2 | D1 | DO Measurement mode Range Remarks
* 0 0 0 | DC voltmeter mode (DCV) 5 400 mV rangeto 1000 V
* 0 0 1 | AC voltmeter mode (ACV) 5 400 mV rangeto 750 V
* 0 1 0 | DC ammeter mode (DCA) - Measurement terminal 2 systems
E4H * 0 1 1 | ACammeter mode (ACA) - Measurement terminal 2 systems
* 1 0 0 | Resistance measurement mode (Q) 6 400 Q rangeto 40 MQ
* 1 0 1 | Continuity check mode (CONT) 4 50, 100, 500, 1 kQ
* 1 1 0 |- Fixed | Fixed at 4V range
* 1 1 1 | ADPT mode (ADPT) Fixed | Fixed at DCV 400 mV range

* Bit D3 is invalid

The S1C62M20 automatically controls the general amplifier (for AC-DC conversion), comparator (for
continuity check) and integral resistors (BUF1 to BUF3 terminals) according to the switching of the above
measurement modes.

Table 4.12.1.2 shows the relationship of the measurement modes and the peripheral circuits.

Table4.12.1.2 Measurement modes and peripheral circuits

Measurement Input General Integral resistor Polarity judgment
function terminal amplifier Comparator Normal mode | High speed mode (ADP)

DCVv VI OFF OFF BUFL1 terminal BUF3 termina Available
ACV VI ON OFF Fixed at (+)
DCA IIL or I1H OFF OFF *1 Available
ACA IIL or I1H ON OFF Fixed at (+)

Q OVX, OVSG OFF OFF Input integral: BUF1 Fixed at (+)
CONT OVX, OVSG OFF ON Reverseintegral: BUF1+ BUF2 Fixed at (+)

- VI OFF OFF BUFL1 terminal BUF3 terminal Fixed at (+)
ADPT VI OFF OFF Fixed at (+)

*1 See Section 4.12.4, "Current measurement”.

The general AMP (amplifier) goes ON during the AC ammeter mode or AC voltmeter mode.

The comparator goes ON during the continuity check mode.

The polarity judgment register ADP is available only in the DC voltmeter mode or DC ammeter mode. In
the other modes, it is always fixed at "1" (positive pole).

In the DC/AC ammeter mode, either the 1IH terminal or IIL terminal can be selected as the input terminal
using the IIN register.

For the integral resistor in the resistance measurement mode, the resistor that connected to the BUF1
terminal is used during the input integral period, and the resisters that are connected to the BUF1 and
BUF2 terminals are used in parallel during the reverse integral period. It is the same with the normal mode
and high speed mode of the A/D converter.

The continuity check mode measures resistance too. The settings of the integral resistors are the same as the
resistance measurement mode.

See each of the following sections for range settings.
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Figure 4.12.1.1 shows the measurement circuit for the S1C62M20.

3 E0C62M2 :
DCV/ACV VI SW13 - []ADO
ACV oW\ * OP-AMP
DCV oM (T)sw14 ] ADI
Q ovX | 1
CONT o—eo— AT swie | 0 CFI
QI/CONT 3 :
‘ SW15 3
ACA SW7 Vref
» '
DCA generator ' CH
Fuse Sws swis 3
> O— '
OPEN ——0 SwW17 | CL
*C 00 o—1¢ Vref L]
SW9 SW:19 control
SW20 j
O— :
900 SW10 sSw21 :
> —(O— 3
PTC ‘
20 Swil 3
 Vop
4A, 10A 9 swiz | Qswzz ;
0.9
aA
o :
o— : Sw23
10A | 0.09 :
(X Vmsr
0.01 ACV O i generator N
—» DCV IH Sw24 D
., O—e converter
It
i SW25
‘T‘
; SW26
' >
SGND | SW27 '
© 0 i
COM ' ;
3 Sw2s 3
AVX1[] 3
‘ Sw29 i
AVX2 [] 3

O sw :

Fig. 4.12.1.1 Measurement circuit
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4.12.2 General AMP

The S1C62M20 has a built-in general AMP (amplifier). It is used for AC/DC conversion in the AC voltme-
ter mode or AC ammeter mode. Turning the general AMP ON and OFF can be controlled using the
measurement function selection register on the address E4H. When the ACV or ACA mode is selected
using the register, the general AMP goes ON and when another mode is selected, it goes OFF.

The AC/DC conversion can be done by connecting an external rectification circuit to the SIC62M20. The
AVX1 and AVX2 terminals are used for input to the A/D converter after AC/DC converting.

Figure 4.12.2.1 shows the configuration of the general AMP.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

ACV, ACA :

-437~437 mV * [} ADO
: ADI
(T
| AC/DC
< | converter
SW28 !
J MHeAVX1
SW29 3
S1C62M20 !

Fig. 4.12.2.1 Configuration of general AMP

4.12.3 Voltage measurement

Voltage measurement is done by A/D converting the voltage divided with the external resistors, 10 MQ
resistor that is connected to the VI terminal and the reference resistor that is connected to the R5/VI2-R2/
V15 terminal.

Figure 4.12.3.1 shows the circuit configuration for voltage measurements.

%x M A S -437-437 mV
1.11 MQ
101 kQ
10 kQ
1kQ
S1C62M20

Fig. 4.12.3.1 Circuit configuration for voltage measurements
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Table 4.12.3.1 shows the condition on the range settings during voltage measurement.

Table 4.12.3.1 Range settings during voltage measurement

E5H
Measurement D2 D1 Do Switches Input to A/D converter D|V|d_|ng
range to be ON terminal
RNG2 | RNG1 | RNGO

400 mV 0 0 0 SW13 Direct input from VI terminal -
4V 0 0 1 SW2, SW8 VINx {111 MQ/(10MQ + 1.11 MQ)} R5/V12
0V 0 1 0 SW3, SW9 VIN x {101 kQ / (10 MQ + 101 kQ)} R4/V13
400 V 0 1 1 SW4,SW10 | VINx{10kQ /(10 MQ + 10 kQ)} R3/V14
1000V 1 0 0 SW5,SW11 | VINx{1kQ/(10MQ + 1 kQ)} R2/V15

VIN: Voltage to be measured

In the voltmeter mode, voltage to be measured is input to the A/D converter after dividing it with the
resistor on the VI terminal (10 kQ) and one of the reference resistors on the R5/VI12 through R2/V15
terminals as shown in the above table.

In the DC voltmeter mode, the divided voltage is directly input to the A/D converter. In the AC voltmeter
mode, the divided voltage is input to the A/D converter via the AVX1 and AVX2 terminals after inputting
it to the general AMP to convert from AC to DC.

The A/D converter uses the input from the SGND terminal as the GND level input. Therefore, the input to
the SGND terminal should be directly connected to the COM port of the DMM (digital multimeter).

4.12.4 Current measurement

Current measurement is done by A/D converting the voltage that is converted from the current on the
outside of the S1C62M20. Two analog input terminals, IIH terminal and IIL terminal, are provided for
current measurements and the terminal to be used can be selected by software.

Figure 4.12.4.1 shows the measurement circuit for current measurements.

DCA, ACA

OPEN —% L 900 O |

L ! Sw24

L O 437437 mV

90 0 :

90 IIH - SW25

|fl N\

090 :
o :

4A, 10A
0.09 Q
SGND ¢
i >
0.01Q

© S1C62M20
# COM e

Fig. 4.12.4.1 Measurement circuit for current measurements

S1C62M20 TECHNICAL MANUAL EPSON 63



CHAPTER 4: PERIPHERAL CIRCUITS AND OPERATION (Measurement Circuit and Measurement Procedure)

Table 4.12.4.1 shows the relationship of the register settings for the ammeter mode and A/D conversion.
Table 4.12.4.1 Register for ammeter mode and A/D convertor settings

E2H AID conversion| Conversion Maximum .
Input . . Resolution
D3 D2 D1 . maximum input speed count number
terminal (1V)
BUFF | IIN |ADSPD voltage (MV) (msec) (count)
0 0 0 L + 437 400 4370 100
0 0 1 L + 437 100 441 100
0 1 0 IH + 437 400 4370 100
0 1 1 IH + 437 100 441 100
1 0 0
1 0 1
Cannot be used
1 1 0
1 1 1
Note: "BUFF" (bit D3 on address E2H) must be set to "0". If it is "1", A/D conversion will not be done
correctly.

4.12.5 Resistance measurement

Resistance measurement is done by A/D converting the voltage of both sides of the external reference
resistor connected to the R1-R6 terminal and the resistor to be measured.
Input to the A/D converter is switched in the input integral period and the reverse integral period as below.

Input integral period: Voltage of both sides of the resistor to be measured
Reverseintegral period:  Voltage of both sides of the reference resistor

The S1C62M20 generates the voltage needed for measurement and output to the R1-R6 terminals
according to the measurement range.
Figure 4.12.5.1 shows the circuit configuration for the resistance measurement mode.

Vmsr
; generator
R6 | swi
10 MQ kO ——
| SW7
' »
R5/VI2 | gw2
1.11 MQ (kO
| swa
| »
R4/VI3 : SwW3
101 kQ (O
| SWo9
' »
R3/VI4 i SW4
10 kQ (kO
| SW10
' »
R2/VI5 | sws
1kQ e VoD
: Swi1
| O ’
RL | Efrswzs
100 Q
| 512
PTC OVSG !
O—EOWD .
ovX |
>
RXx
SGND
@ 0 >
COM ]
S1C62M20

Fig. 4.12.5.1 Circuit configuration for resistance measurement mode
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Table 4.12.5.1 shows the condition on the range settings during resistance measurement.

Table 4.12.5.1 Range settings during resistance measurement

E5H
Meisfjlt:]rge;nent D2 D1 DO Reference resistor terminal Reference resistance
RNG2 | RNG1 | RNGO

400 Q 0 0 0 R1 100 Q
4kQ 0 0 1 R2/VI5 1kQ
40kQ 0 1 0 R3/VI4 10kQ

400 kQ 0 1 1 R4/VI3, R6 (/101 kQ + /10 MQ)L

4MQ 1 0 0 R5/VI2, R6 (/111 MQ + /10 MQ) L
40MQ 1 0 1 R6 nomMQ

The A/D converter changes the integral resistor setting in the input integral period and the reverse integral
period to perform A/D conversion for resistance measurement. In each period, the following integral
resistor is used.

Input integral period: Integral resistor on the BUF1 terminal
Reverseintegral period:  Parallel connected integral resistors on the BUF1 and BUF2 terminals

Usually a variable resistor should be used as the integral resistor on the BUF2 terminal and it should be
adjusted by actually measuring resistance. Further the resistance on the BUF2 terminal can be found with
the following equation.

RB1 x Rr/10*

RB2 = Q Equation 4.12.5.1
N - Rr/10# [ (Eq )

RB1: Integral resistance on the BUF1 terminal (390 kQ)

RB2: Integral resistance on the BUF2 terminal

Rr:  Reference resistance on the R6 terminal (10 MQ)

N:  Number of clocks during the input integral period (N = fixed at 2185)

The value that is obtained with the above equation is a theoretical value but actually an error is made.

The A/D converter uses the input from the SGND terminal as the GND level input to integrate the voltage
of the measured resistor during the input integral period. Therefore, the input to the SGND terminal
should be directly connected to the COM port of the DMM (digital multimeter).

4.12.6 Continuity check

Continuity check is done with the same circuit configuration of the 400 Q range and 4 kQ range in the
resistance measurement mode. The difference from the resistance measurement mode is that the buzzer
signal is generated according to the measured resistance. The continuity judgment and buzzer signal
generation are automatically done by the internal hardware of the S1IC62M20, so software control is not
necessary.

The S1C62M20 judges continuity by comparing both voltage on the measured resistor and reference
resistor using the comparator. The continuity judgment signal from the comparator is input to the buzzer
circuit and then the buzzer signal is generated.

The comparator for continuity judgment goes ON by setting the address E4AH (FNCO-FNC?2) to the continu-
ity check mode.

The measurement circuit is the same as the 400 Q range and 4 kQ range in the resistance measurement
mode.
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Figure 4.12.6.1 shows the circuit configuration of the continuity check mode.
Measured resistance can be displayed in this mode as the same as the resistance measurement mode.

Vmsr
generator

1kQ ‘ VoD
! ¥SW23
100 Q g\
PTC 3 >
O O L >
NIRRT/ e T
OVX !
— 1 Comparator —» To Buzzer
nad 3 1
| . >
SGND
O J >
coMm T
3 S1C62M20

Fig. 4.12.6.1 Circuit configuration of continuity check mode

Table 4.12.6.1 shows the range settings during continuity check mode.

Table 4.12.6.1 Range settings during continuity check mode

E5H
Juc_igment D2 D1 Do Refe_rence Measurement
resistance resistor range
RNG2 | RNG1 | RNGO

50 Q 0 0 0 R1 (100 Q)
400 Q

100Q 0 0 1 R1 (100 Q)
500 Q 0 1 0 R2/VI5 (1 kQ) 4KQ

1kQ 0 1 1 R2/VI5 (1 kQ)

When the judgment resistance is 50 Q or 100 Q, the circuit configuration is the same as the 400 Q range in
the resistance measurement mode, and when the judgment resistance is 500 kQ or 1 kQ, it is the same as
the 4 kQ range in the resistance measurement mode.

4.12.7 ADPT (adapter)

This mode functions the same as the 400 mV range in the DC voltmeter mode and performs the A/D
conversion of the voltage input from the VI terminal. However, ADPT mode does not judge polarity, and
the measurement range is fixed at 400 mV. Therefore, setting the address E5H (RNG0-RNG?2) is invalid
and it does not affect the A/D conversion results.
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4.12.8 Control method
Table 4.12.8.1 lists the A/D converter’s control bits and their addresses.

Table 4.12.8.1 Control bits of A/D converter

Address Register — Comment
D3 D2 D1 DO Name Init*1| 1 0
- - Fi
BUFF | N |apspp | apon | BUFF | O xa0 o
E2H IIN 0 IIH L Current measurement terminal switching
RW ADSPD 0 100mS | 400mS | A/D conversion speed switching
ADON 0 On Off A/D converter On/Off
x5l _ %2
0 FNC2 FNC1 FNCO 0 Unused
E4H FNC2 0
FNC1 0 Measurement function selection *6
R RIW
FNCO 0
*5[ _ 2
0 RNG2 RNG1 | RNGO 0 Unused
E5H RNG2 0
R RW RNG1 0 Measurement range selection *6
RNGO 0
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

BUFF: (E2H+D3)
This bit must be set to "0". If it is "1", A/D conversion will not be done correctly.

IIN: Current measurement terminal switching (E2H+D2)
Selects the input terminal for current measurement.

When "1" is written:  Input from IIH terminal
When "0" is written:  Input from IIL terminal
Reading:  Valid

This register is effective only in the ammeter (current measurement) mode.

Either the IIL terminal or the IIH terminal can be selected as an analog input terminal for current measure-
ment. When "1" is written to this register, input from the IIH terminal is A/D converted. When "0" is
written, input from the 1L terminal is A/D converted.

By writing to this register, the A/D converter restarts from the auto zero adjustment period.

At initial reset and in SLEEP mode, this register is set to "0".

FNCO-FNC2: Measurement function selection (E4HsD0-D2)
Switches the measurement function of the S1IC62M20. Table 4.12.8.2 shows the measurement function and
the register setting.

Table 4.12.8.2 S1C62M20 measurement function

D3 D2 D1 DO
Address Measurement mode
0 FNC2 | FNC1 | FNCO

DC voltmeter mode (DCV)

AC voltmeter mode (ACV)

DC ammeter mode (DCA)

AC ammeter mode (ACA)

Resi stance measurement mode (Q)
Continuity check mode (CONT)

ADPT mode (ADPT)

E4H

* Bit D3 is invalid

The measurement function can be switched by writing data to the registers FNCO-FNC2. These registers
can be read.

By writing to this address (E4H), the A/D converter restarts from the auto zero adjustment period.

At initial reset and in SLEEP mode, these registers are set to "0".

When SLEEP mode is canceled, set these registers again.

|
PPk POOC OO
P|POO|FL |k OO
POk, Ok |O|FL|O
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RNGO-RNG2: Measurement range selection (E5H-D0-D2)
Selects the measurement range as shown in Table 4.12.8.3.

Table 4.12.8.3 Measurement range selection

D3 D2 D1 DO . Continuit

Address 0 rNG2 | rRvG1 | RNGO DCV ACV DCA ACA |Resistance check Y ADPT
- 0 0 0 400mV [ 400mV | Invalid | Invaid 400 Q 50Q Fixed
- 0 0 1 4V 4V 4kQ 100 Q at DCV
- 0 1 0 40V 40V 40kQ 500 Q 400 mV
- 0 1 1 400V | 400V 400 kQ 1kQ range

ESH - 1 0 0 1000 V 750V 4MQ 1

- 1 0 1 1 1 40MQ 1
- 1 1 0 1 1 1 1
- 1 1 1 1 1 1 1

* Bit D3 is invalid

The measurement range can be switched by writing data to the registers RNG0-RNG2. These registers can
be read.

By writing to this address (E5H), the A/D converter restarts from the auto zero adjustment period.

At initial reset and in SLEEP mode, these registers are set to "0".

When SLEEP mode is canceled, set these registers again.

4.12.9 Programming notes

(1) The interrupt factor flag may be set when the A/D conversion setting is changed (writing to E2H, E4H
or E5H) or the CPU enters SLEEP status. Therefore, read (clear) the flag if necessary.

(2) The A/D converter is automatically set to the auto zero adjustment period when writing is done to the
addresses E2H, E4H (function switching) and E5H (range switching). If the ADON register has been set
to "1" (A/D converter is ON) at this time, the A/D conversion restarts with the new settings from the
auto zero adjustment.

(3) The registers on the addresses E2H and E4H to EBH are set to the initial status when the CPU enters
SLEEP mode. Therefore, set the registers again when the CPU reactivates from SLEEP status.

(4) "BUFF" (bit D3 on address E2H) must be set to "0" (initial value). If it is "1", A/D conversion will not be
done correctly.
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4.13 VVSS2 Booster

4.13.1 Configuration of Vss2 booster

The S1C62M20 has a built-in voltage booster that doubles the supply voltage (VDbD-VssD). This booster
generates the boosted voltage Vss2 by connecting an external capacitor.

The boosted voltage Vss2 is used as the power source for the A/D converter, analog switch circuit and LCD
driver. Therefore, turn the Vss2 booster ON before turning the A/D converter or LCD driver ON.

Figure 4.13.1.1 shows the configuration of the Vss2 booster.

S1C62M20
V |
* 2 32768 kHz
} < VDDA I:‘: ;
i % VssD L_—l: Vss2 divider —» 21.845 kHz
VsSA -
. L1

; v

Vss2 booster

Fig. 4.13.1.1 Vs booster

The Vss2 booster uses the booster clock generated from the OSC1 oscillation clock (32.768 kHz) by dividing
it by 1/3. Besides the Vss2 booster, this divided clock (21.845 kHz) is also used in the A/D converter and
LCD driver.

4.13.2 Control of Vss2 booster
Table 4.13.2.1 lists the Vss2 booster’s control bit and its address.

Table 4.13.2.1 Control bit of Vss2 booster

Address Register - Comment
D3 D2 D1 DO | Name Init*1] 1 0
_ ~ ~ VSS2 - _*3 Unused (Undefined when reading)
- - *3 Unused (Undefined when reading)
EOH R RIW - — *3 Unused (Undefined when reading)
VSS2 0 On Off V'ss2 booster control
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

VSS2: Vss2 booster control (EOH<DO)
Turns the Vss2 booster ON and OFF.

When "1" is written:  Vss2 booster ON
When "0" is written:  Vss2 booster OFF
Reading:  Valid

When "1" is written to the VSS2 register, the Vss2 booster starts operating and generates the boosted voltage
Vss2. When "0" is written, the Vss2 booster goes OFF.

At initial reset and in SLEEP mode, this register is set to "0". When SLEEP mode is canceled, set this register
again.

Be aware that the other bits (D1-D3) on the address EOH are undefined when they are read.
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4.13.3 Programming notes

(1) The A/D converter and LCD driver use the boosted voltage Vss2. Therefore, turn the Vss2 booster ON
before turning the A/D converter or LCD driver ON.
Further it is necessary to wait until the Vss2 voltage stabilizes after turning the Vss2 booster ON. Set at
least 30 msec of wait time before turning the A/D converter or LCD driver ON after turning the Vss2
booster ON (VSS2 ="1").

(2) The bits other than VSS2 (DO0) on the address EOH are undefined when reading. Take care when
programming.

(3) When the CPU enters SLEEP status by the SLP instruction, the Vss2 booster is reset to the initial status.
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4.14 SVD (Supply Voltage Detection) Circuit

4.14.1 Configuration of SVD circuit

The S1C62M20 has a built-in SVD (supply voltage detection) circuit, so that the software can find when the
source voltage lowers. Turning the SVD circuit ON/OFF can be controlled through the software.
Figure 4.14.1.1 shows the configuration of the SVD circuit.

SVD circuit ——® SVDDT [—P

Q SVDON [«

Data bus

Fig. 4.14.1.1 Configuration of the SVD circuit

4.14.2 Operation of SVD circuit

The SVD circuit compares the criteria voltage set in the S1C62M20 and the supply voltage (VbD-VssD) and
sets its results into the SVDDT latch. By reading the data of this SVDDT latch, it can be determined by
means of software whether the supply voltage is normal or has dropped.

The criteria voltage (VsvD) has been set to 2.3 V.

When SVDON is set to "1", source voltage detection by the SVD circuit is executed. As soon as SVDON is
reset to "0", the result is loaded to the SVDDT register and SVD circuit goes OFF.

To obtain a stable SVD detection result, the SVD circuit must be on for at least 100 psec. However, the
S1C62M20 uses 32.768 kHz CPU system clock, the instruction cycles are long enough, so there is no need to
worry about maintaining 100 psec.

When SVD is on, the IC draws a large current, so keep SVD off unless it is.

4.14.3 Control of SVD circuit
Table 4.14.3.1 shows the control bits and the address for the SVD circuit.

Table 4.14.3.1 Control bitsfor SVD circuit

Address Register — Comment
D3 D2 D1 DO Name Init*1| 1 0
x5 _ %2
0 o |svoor |swon| ° Unused
E3H 0 *5 - *2 Unused
R RIW SVDDT 0 Low Normal | Supply voltage detection data
SVDON 0 On Off SVD circuit On/Off
*1 Initial value at the time of initial reset *4 Resets (0) immediately after being read
*2 Not set in the circuit *5 Constantly "0" when being read
*3 Undefined *6 Refer to main manual

SVDON: SVD circuit ON/OFF (E3HDO0)
Turns the SVD circuit ON and OFF.

When "1" is written:  SVD circuit ON
When "0" is written:  SVD circuit OFF
Reading:  Valid

When SVDON is set to "1", source voltage detection by the SVD circuit is executed. As soon as SVDON is
reset to "0", the result is loaded to the SVDDT register.
At initial reset, this register is set to "0".
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SVDDT: SVD data (E3HD1)
This is the result of supply voltage detection.

When "0"isread:  Supply voltage = Criteria voltage
When "1"isread:  Supply voltage < Criteria voltage
Writing:  Invalid

The result of supply voltage detection at time of SVDON is set to "0" can be read from this register.
At initial reset, SVDDT is set to "0".

4.14.4 Programming note

The SVD circuit should normally be turned OFF as the current consumption of the IC becomes large when
it is ON. Turn the SVD circuit OFF when shifting to SLEEP mode in particular.
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4.15 Interrupt and HALT/SLEEP

<Interrupt types>
The S1C62M20 provides the following interrupt settings, each of which is maskable.

External interrupt:  elnput interrupt (2 systems)

Internal interrupt: *Timer interrupt (4 systems)
*Seria interface interrupt (1 system)
*A/D converter interrupt (1 system)

To authorize interrupt, the interrupt flag must be set to "1" (El) and the necessary related interrupt mask
registers must be set to "1" (enable).

When an interrupt occurs the interrupt flag is automatically reset to "0" (DI), and interrupts after that are
inhibited.

Figure 4.15.1 shows the configuration of the interrupt circuit.

<HALT and SLEEP>

The S1C62M20 has HALT and SLEEP functions that considerably reduce the current consumption when it
is not necessary.

The CPU enters HALT status when the HALT instruction is executed.

In HALT status, the operation of the CPU is stopped. However, the oscillation circuit and timer operate.
Reactivating the CPU from HALT status is done by generating an interrupt request. When it does not
reactivate upon an interrupt request, the watchdog timer will cause it to restart from the initial reset status.

When shifted into SLEEP as the result of the SLP instruction, the operation of the CPU is stopped, the same
as for HALT status, and timer also stops. However, the oscillation circuit operates.

Reactivation from SLEEP status can only be done by generation of K port input interrupt request. Conse-
quently, when it shifts to SLEEP status, you must invariably set the input interrupt (K00-K03, K10-K13) to
enable.

When SLEEP status is canceled by a K port input interrupt, the CPU starts operating.
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IKO
) | Z:D ) » SLEEP cancellation

o>
> Interrupt Program counter
> vector (low-order 4 bits)
> circuit

: 1K1 }

INT
(interrupt request)

Interrupt flag

Interrupt factor flag

Interrupt mask register

Interrupt selection register

Fig. 4.15.1 Configuration of the interrupt circuit
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4.15.1 Interrupt factor
Table 4.15.1.1 shows the factors for generating interrupt requests.

The interrupt flags are set to "1" depending on the corresponding interrupt factors.
The CPU operation is interrupted when any of the conditions below set an interrupt factor flag to "1".

* The corresponding mask register is "1" (enabled)
e The interrupt flag is "1" (El)

The interrupt factor flag is a read-only register, but can be reset to "0" when the register data is read out.
At initial reset, the interrupt factor flags are reset to "0".

Table 4.15.1.1 Interrupt factors

Interrupt factor Interrupt factor flag
Clock timer 1 Hz (falling edge) IT1 (F5HD3)
Clock timer 2 Hz (falling edge) IT2 (F5H<D2)
Clock timer 16 Hz (falling edge) IT16  (F5HeD1)
Clock timer 32 Hz (falling edge) IT32  (F5H<DO)
K10-K13 input (rising edge) IK1 (F2H+D0)
K00-K 03 input (rising edge) IKO (F3H+DO)
Serial interface (8-bit datainput/output has completed) | ISIF (F4H+DO)
A/D converter (reverseintegral has completed) IAD  (F6H<DO)

Note: Reading of interrupt factor flags is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1",
an interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request
will not be generated. Be very careful when interrupt factor flags are in the same address.

4.15.2 I nterrupt mask

The interrupt factor flags can be masked by the corresponding interrupt mask registers.

The interrupt mask registers are read/write registers. They are enabled (interrupt authorized) when "1" is
written to them, and masked (interrupt inhibited) when "0" is written to them.

At initial reset, the interrupt mask register is set to "0".

Table 4.15.2.1 shows the correspondence between interrupt mask registers and interrupt factor flags.

Table 4.15.2.1 Interrupt mask registers and interrupt factor flags

Interrupt mask register Interrupt factor flag
EIT1 (F1H<D3) IT1 (F5H+D3)
EIT2 (F1HD2) IT2 (F5H+D2)
EIT16 (F1H+D1) IT16 (F5H+D1)
EIT32 (F1H+DO) IT32 (F5H+DO)
EIK1 (FOH+D3) IK1 (F2H+DO)
EIKO (FOH+D2) IKO (F3H+DO)
EISIF (FOH+D1) ISIF (F4H+DO)
EIAD (FOH+DO) IAD (F6H+DO)

Note: Write the interrupt mask register only in the DI status (interrupt flag = "0"). Writing during El status
(interrupt flag = "1") will cause malfunction.

4.15.3 I nterrupt vector

When an interrupt request is input to the CPU, the CPU begins interrupt processing. After the program
being executed is terminated, the interrupt processing is executed in the following order.

O The address data (value of program counter) of the program to be executed next is saved in the stack
area (RAM).

O The interrupt request causes the value of the interrupt vector (page 1, 02H-0AH) to be set in the
program counter.

O The program at the specified address is executed (execution of interrupt processing routine by software).
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Table 4.15.3.1 shows the correspondence of interrupt requests and interrupt vectors.

Note: The processing in [0 and [J above take 12 cycles of the CPU system clock.

Table 4.15.3.1 Interrupt request and interrupt vectors

Interrupt vector Interrupt request Priority
102H K10-K13 input High
104H K00-K 03 input 1
106H Serial interface
108H Clock timer !
10AH A/D converter Low

When multiple interrupts simultaneously occur, processing is done from the high priority interrupt.

The four low-order bits of the program counter are indirectly addressed through the interrupt request.

4.15.4 Control of interrupt

Tables 4.15.4.1 shows the interrupt control bits and their addresses.
Table 4.15.4.1 Control bits of interrupt

Address Register — Comment
D3 D2 D1 DO | Name Init*1| 1 0
EIK1 EIKO EISIE EIAD EIK1 0 Enable Mask | Interrupt mask reg!ster (K10-K13)
FOH EIKO 0 Enable | Mask | Interrupt mask register (KO0-K03)
RW EISIF 0 Enable Mask | Interrupt mask register (Serial interface)
EIAD 0 Enable Mask | Interrupt mask register (A/D converter)
EIT1 EIT2 EIT16 EIT22 EIT1 0 Enable Mask | Interrupt mask reg?ster (Clock t!mer 1Hz)
E1H EIT2 0 Enable Mask | Interrupt mask register (Clock timer 2 Hz)
RW EIT16 0 Enable Mask | Interrupt mask register (Clock timer 16 Hz)
EIT32 0 Enable Mask | Interrupt mask register (Clock timer 32 Hz)
*5 %2
0 0 0 K1 0 Unused
E2H 0 5 - *2 Unused
R 0 *5 -*2 Unused
K1 *4 0 Yes No Interrupt factor flag (K10-K13)
*B[ %2
0 0 0 1Ko 0 Unused
F3H 0 *5 - *2 Unused
R 0 *5| - *2 Unused
IKO *4] Yes No Interrupt factor flag (K00—K03)
*5[ _ *2
0 0 0 ISIF 0 Unused
EF4H 0 *5 - *2 Unused
R 0 *5 - *2 Unused
ISIF*4| 0 Yes No Interrupt factor flag (Serial interface)
" -
I 2 IT16 32 IT1 0 Yes No Interrupt factor flag (Clock t!mer 1Hz)
F5H IT2 *4 0 Yes No Interrupt factor flag (Clock timer 2 Hz)
R IT1I6*4 0 Yes No Interrupt factor flag (Clock timer 16 Hz)
IT32 *4 0 Yes No Interrupt factor flag (Clock timer 32 Hz)
*5[ %2
0 0 0 IAD 0 Unused
F6H 0 *5| - *2 Unused
R 0 *5 - *2 Unused
IAD *4| 0 Yes No Interrupt factor flag (A/D converter)

*1 Initial value at the time of initial reset

*2 Not set in the circuit

*3 Undefined

*4 Resets (0) immediately after being read
*5 Constantly "0" when being read
*6 Refer to main manual

For control of the registers, see the following sections:

Section 4.4, "Input Ports"
Section 4.9, "Clock Timer"

Section 4.10, "Serial Interface"
Section 4.11, "A/D Converter"
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4.15.5 Programming notes

(1) When shifting to SLEEP status, at least either KO0-K03 or K10-K13 interrupt must be set to enable
canceling SLEEP status.

(2) In the S1C62M20, the OSC1 oscillation circuit keeps operating even in SLEEP status.

(3) The interrupt factor flags are set when the timing condition is established, even if the interrupt mask
registers are set to "0".

(4) Write the interrupt mask register only in the DI status (interrupt flag = "0"). Writing during El status
(interrupt flag = "1") will cause malfunction.

(5) Reading of interrupt factor flags is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated. Be very careful when interrupt factor flags are in the same address.

(6) When the CPU enters SLEEP status, the following circuits are set to the initial status.

» Clock timer/ Watchdog timer
* \/ss2 booster

e LCD driver

 A/D converter

These circuits should be re-set after returning from SLEEP status.
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CHAPTER 5 SumMARY oF NOTES

5.1 Notesfor Low Current Consumption

The S1C62M20 contains control registers for each of the circuits so that current consumption can be low-
ered. These control registers lower the current consumption through programs that operate the circuits at

the minimum levels.

The following explains the circuits that can control operation and their control registers. Refer to these

when programming.

Table5.1.1 Circuitsand control registers

Circuit (and Item) Control register
CPU SLPinstruction, HALT instruction
V ss2 booster VSS2
LCD driver LPWR
A/D converter ADON
SVD circuit SVDON

See Chapter 7, "ELECTRICAL CHARACTERISTICS", for order of current consumption.

Below are the circuit statuses at initial reset.

CPU: Operating status
Vss2 booster: OFF status
LCD driver: OFF status
A/D converter: OFF status
SVD circuit: OFF status

When the CPU enters SLEEP status, the following circuits are set to the initial status.

« Clock timer/ Watchdog timer
 \V/ss2 booster

e LCD driver

* A/D converter
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5.2 Summary of Notes by Function

Here, the cautionary notes are summed up by function category. Keep these notes well in mind when
programming.

Memory

Memory is not mounted in unused area within the memory map and in memory area not indicated in this
manual. For this reason, normal operation cannot be assured for programs that have been prepared with
access to these area.

Watchdog timer
The watchdog timer must be reset within 3-second cycles.

Oscillation circuit
In the S1C62M20, the OSC1 oscillation circuit does not stop even when the CPU enters SLEEP status.
However, SLEEP stops supplying the clock to the peripheral circuits (timer and watchdog timer).

Input ports
When input ports are changed from high to low by pull down resistor, the fall of the waveform is delayed
on account of the time constant of the pull down resistor and input gate capacitance. Hence, when fetching
input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xC xR
C: terminal capacitance 5 pF + parasitic capacitance ? pF
R: pull down resistance 300 kQ

I/O ports
When in the input mode, 170 ports are changed from high to low by pull down resistor, the fall of the
waveform is delayed on account of the time constant of the pull down resistor and input gate capacitance.
Hence, when fetching input ports, set an appropriate wait time.
Particular care needs to be taken of the key scan during key matrix configuration.
Make this waiting time the amount of time or more calculated by the following expression.
10xC xR
C: terminal capacitance 10 pF + parasitic capacitance ? pF
R: pull down resistance 300 kQ

LCD driver
(1) The contents of the display memory are undefined until the area is initialized (through, for instance,
memory clear processing by the CPU). Initialize the display memory by executing initial processing.

(2) Since the display memory area is write-only, display data cannot be rewritten by arithmetic operations
(such as AND, OR, ADD, SUB).

(3) The power source for the LCD power generator (VL1, VL2 and VL3 generation circuit) and the operating
clock for the LCD drive timing generator are supplied from the Vss2 booster. Therefore, be sure to turn
the Vss2 booster ON by setting the VSS2 register to "1" before turning the LCD driver ON (LPWR ="1").

(4) The control registers (LOFF, LDTY, LPWR) for the LCD driver are automatically set to the initial status
when the CPU enters SLEEP status using the SLP instruction. Therefore, after returning from SLEEP
status, set the registers’ value again.

In SLEEP status, the Vss2 booster turns OFF.

Clock timer
(1) Be sure to read data in the order of low-order data (TM0-TM3) then high-order data (TM4-TM7).

(2) When the clock timer has been reset, the interrupt factor flag (IT) may sometimes be set to "1". Conse-
quently, perform flag reading (reset the flag) as necessary at reset.

(3) The clock timer is reset when the CPU enters SLEEP status by the SLP instruction.

(4) When the clock timer has been reset, the watchdog timer is also reset.
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Serial interface
(1) Perform data writing/reading to data registers SD0-SD7 only while the serial interface is halted (i.e.,
the synchronous clock is neither being input or output).

(2) As a trigger condition, it is required that data writing or reading on data registers SD0-SD7 be per-
formed prior to writing "1" to SCTRG. (The internal circuit of the serial interface is initiated through
data writing/reading on data registers SD0-SD7.) Supply trigger only once every time the serial
interface is placed in the RUN state. Moreover, when the synchronous clock SCLK is external clock,
start to input the external clock after the trigger.

A/D converter
(1) Be sure to check whether the data is effective or invalid by reading the A/D conversion data in the
order FTH - F8H - F9H - FAH and immediately thereafter reading the IDR.

(2) The interrupt factor flag may be set when the A/D conversion setting is changed (writing to E2H, E4H
or E5H) or the CPU enters SLEEP status. Therefore, read (clear) the flag if necessary.

(3) The A/D converter is automatically set to the auto zero adjustment period when writing is done to the
addresses E2H, E4H (function switching) and E5H (range switching). If the ADON register has been set
to "1" (A/D converter is ON) at this time, the A/D conversion restarts with the new settings from the
auto zero adjustment.

(4) The registers on the addresses E2H and E4H to EBH are set to initial status when the CPU enters SLEEP
mode. Therefore, set the registers again when the CPU reactivates from SLEEP status.

Measurment circuit and measurment procedure
(1) The interrupt factor flag may be set when the A/D conversion setting is changed (writing to E2H, E4H
or E5H) or the CPU enters SLEEP status. Therefore, read (clear) the flag if necessary.

(2) The A/D converter is automatically set to the auto zero adjustment period when writing is done to the
addresses E2H, E4H (function switching) and E5H (range switching). If the ADON register has been set
to "1" (A/D converter is ON) at this time, the A/D conversion restarts with the new settings from the
auto zero adjustment.

(3) The registers on the addresses E2H and E4H to EBH are set to the initial status when the CPU enters
SLEEP mode. Therefore, set the registers again when the CPU reactivates from SLEEP status.

Vss2 booster

(1) The A/D converter and LCD driver use the boosted voltage Vss2. Therefore, turn the Vss2 booster ON
before turning the A/D converter or LCD driver ON.
Further it is necessary to wait until the Vss2 voltage stabilizes after turning the Vss2 booster ON. Set at
least 30 msec of wait time before turning the A/D converter or LCD driver ON after turning the Vss2
booster ON (VSS2 ="1").

(2) The bits other than VSS2 (D0) on the address EOH are undefined when reading. Take care when
programming.

(3) When the CPU enters SLEEP status by the SLP instruction, the Vss2 booster is reset to the initial status.
SVD circuit

The SVD circuit should normally be turned OFF as the current consumption of the IC becomes large when
it is ON. Turn the SVD circuit OFF when shifting to SLEEP mode in particular.
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Interrupt and HALT/SLEEP
(1) When shifting to SLEEP status, at least either KO0-K03 or K10-K13 interrupt must be set to enable
canceling SLEEP status.

(2) In the S1C62M20, the OSC1 oscillation circuit keeps operating even in SLEEP status.

(3) The interrupt factor flags are set when the timing condition is established, even if the interrupt mask
registers are set to "0".

(4) Write the interrupt mask register only in the DI status (interrupt flag = "0"). Writing during El status
(interrupt flag = "1") will cause malfunction.

(5) Reading of interrupt factor flags is available at El, but be careful in the following cases.
If the interrupt mask register value corresponding to the interrupt factor flags to be read is set to "1", an
interrupt request will be generated by the interrupt factor flags set timing, or an interrupt request will
not be generated. Be very careful when interrupt factor flags are in the same address.

(6) When the CPU enters SLEEP status, the following circuits are set to the initial status.

* Clock timer/ Watchdog timer
* \/ss2 booster

* LCD driver

* A/D converter

These circuits should be re-set after returning from SLEEP status.
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CHAPTER 6: DIAGRAM OF BASIC EXTERNAL CONNECTIONS

CHAPTER 6 DIAGRAM OF Basic EXTERNAL
CONNECTIONS

LCD Panel
<[ |M| || || O]
| || [H| || || || || [ O] (W [ [ [N [ [©
oooooooooooocoo%
[ Y| || W W | W) g W W W] g T ]
N N N e i 2 e e
Parts Value SR
secis{(180 & 0 iz S YT
COMO P01 ] cL2 0.047 uF
com1 PO ] Rezo Cls | 0.047pF
Com2 MQ Csr 0.33uF
CoM3 Index 60|[BZ_JNvm T cB1 2.2 F
cL1 —{va 5 RO3 Cs2 2.2uF
CL2 VL2 R02 CR 0.22 yF
CL3 VL3 RO1 CAC1 0.1 uF
—_—
l ’ LVDD | ROO cacz 2.2 )F
CsR <l eCl 55 (|K13 Ccacs 22 F
CPWRL | =3ev 0 osc2 1110 K12 caca | 0224F
RESET K11
cacs 0.1 uF
‘/I TEST SlC62M20 K10 Key scan Caz 0L uF
VSsD K03 circuit | [c1 0.1 pF
50 CFI 0.01 uF
Ci 0.1 pF
RR1 82 kQ|[1.0 %
RR2 22kQ[1.0 %
RR3 120 kQ[1.0 %
45 RR4  |75~412 kQ
RAC1 22 MQ[1.0 %
RAC2 21kQ[1.0 %
pcv |RAC3 500 kQ
40 ACV |RAC4 22kQ|1.0 %
3 RAC5 22kQ[1.0 %
T8l I3 RAC6 330 kQ[1.0 %
O||7||>|[© RAC7 330 kQ[1.0 %
RB1 390 kQ[0.1 %
% = RB2 329 kQ
5 |5 x RB3 39kQ[0.1 %
x
Rac2| Raca® ¥ Race g RvI 10 MQ|[0.1 %
T ROVX 1MQ
RAC3| Racs RAC7 TCACA | RovsG 680 kQ
R1 100 Q0.1 %
caca R2 1kQ[0.1 %
R3 10 kQ[0.1 %
R4 101 kQ|0.1 %
Rs 1.11 MQ[0.1 %
Re 10 MQ[0.1 %
RBZ1 100 Q
RBZ2 100 Q
RiL 0.01 [0.5 %
RIi2 0.09 2[0.5 %
RI3 0.9 0[05%
R4 9Q[0.5%
— RIS 90 Q[0.5 %
; DCV ¢ ¢ Cont RIS 900 Q0.5 %
9110V,0.3A ACV Q PTC 1kQ
© © ©
DCA, ACA 4A, 10A coM vV Q
Cont

Note: The above table is simply an example, and is not guaranteed to work.
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CHAPTER / ELECTRICAL CHARACTERISTICS

7.1 Absolute Maximum Rating

CHAPTER 7: ELECTRICAL CHARACTERISTICS

(Voo/VDDA =0 V)

Item Symbol Rated value Unit
Power voltage VbD/VDDA 0 \%
Vssp/Vssa -35 \Y
Vss2 -7.0 \Y
Input voltage VssD system | Vi1 (Vssp/Vssa - 0.3) to (Vbp/VDpA + 0.3) \%
Vss2 system | Vi2 (Vssz2-0.3) to (Vpp/VopA + 0.3) \%

Permissible total output current *1 |31 10 mA
Operating temperature (1) Topri -20to 70 °C
Operating temperature (2) *2 Topr2 0to 40 °C
Strage temperature Tstg -65 to 150 °C
Soldering temperature / time Tsol 260°C, 10sec (lead section) -

Permissible disspation *3 [=5) 250 mw

*1 The permissible total output current is the sum total of the current (average current) that simultaneously flows from the
output pins (or isdrawn in).

*2 The A/D converter is ON status.

*3 In case of plastic package (QFP5-80pin, QFP14-80pin).

7.2 Recommended Operating Conditions

Item Symbol Condition Min. Typ. Max. Unit
Power voltage Vssp/Vssa| Vbp/Vopa =0V -35 -30 -2.15 Y
Oscillation frequency fosci - 32.768 - kHz
Measurement system Tmes During measurment by the A/D converter 15 25 35 °C
operating temperature

S1C62M20 TECHNICAL MANUAL

EPSON

83



CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.3 DC Characteristics

Unless otherwise specified:

Vbb/VDDA =0V, Vssp/Vssa =-3.0V, foscit = 32.768 kHz, Ta= 25°C, VL1/VL2/VL3 areinternal voltage

Item Symbol Condition Min. Typ. Max. Unit
High level input voltage (1) | ViH1 K00-K03, K10-K13| 0.1-VssD VDD \%
RESET, TEST
High level input voltage (2) | ViH2 PO0-P0O3 0.1-VssD VDD \%
Low level input voltage (1) ViLl K00-K03, K10-K13| Vssp 0.9:Vssd| V
RESET, TEST
Low level input voltage (2) ViL2 PO0-P03 Vssb 0.9:VssD| V
High level input current (1) lH1 VIH1=VDD K00-K03, K10-K13 0 0.5 HA
Vssp=-3.0V PO0-P03
Without pull down resistor | RESET, TEST
High level input current (2) liH2 ViH2 =VDD K00-K03, K10-K13 5 10 20 HA
Vssp=-3.0V PO0-P03
With pull down resistor | RESET, TEST
Low level input current e ViL=VssD=-3.0V K00-K03, K10-K13| -0.5 0 HA
PO0—P03
RESET, TEST
High level output current (1) |loH1 | VoH1=0.1-Vssb RO0-R03 -0.9 mA
Vssp=-3.0V PO0-PO3
High level output current (2) | loH2 | VoH2=0.1-Vssb BZ,BZ -1.2 mA
Vssp=-3.0V
Low level output current (1) | loL1 [ VoL1=0.9:VssD RO0-R03 30 mA
Vssp=-3.0V PO0-P03
Low level output current (2) | loL2 [ VoL2=0.9:VssD BZ,BZ 35 mA
Vssp=-3.0V
Common output current loHs |VoH3=VDD-0.05V |COMO-COM3 -3.0 HA
loLs  |VoL3=VL3+0.05V 3.0 HA
Segment output current loH4 |VoOH4=VDD-0.05V |SEGO-SEG15 -3.0 HA
(during LCD output) loLa |VoLa=VL3+0.05V 30 HA
Segment output current loHs | VoHs5=0.1-Vssb SEG0-SEG15 50 HA
(during DC output) los | VoLs=0.9:-VssD -70 HA
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.4 Analog Characteristics and Current Consumption

Unless otherwise specified:
Vbp/VDDA =0V, Vssp/Vssa =-3.0V, fosci = 32.768 kHz, Ta= 25°C, VL1/VL2/VL3 areinterna voltage

Iltem Symbol Condition Min. Typ. Max. Unit
LCD drivevoltage Vi Connect 1 MQ load resistor between Vbp and Vi1 | -1.15 -1.05 -0.95 \%
CL1=0.047 pF
Vi2 Connect 1 MQ load resistor between VoD and VL2 | -2.20 -2.10 -2.00 \%
CL2=0.047 pF
Vi3 Connect 1 MQ load resistor between VoD and VL3 | -3.25 -3.15 -3.05 \%
CL3=0.047 pF
SVD voltage VsvD -2.45 -2.30 -2.15 \Y
SVD circuit response time tsvp 100 uSs
Power current consumption lop During SLEEP Vssb/Vssa =-3.0V 15 4.0 HA
During HALT Vssb/Vssa =-3.0V 3.0 6.0 HA
During A/D operation*1  Vssp/Vssa =-3.0V 0.9 2.0 mA
During A/D operation *2  Vssp/Vssa =-3.0V 11 2.2 mA

*1 DCV and DCA measurement mode.
*2 ACV and ACA measurement mode. (The general AMPis ON status.)

A/D converter (Characteristics of A/D converter unit only)

Unless otherwise specified:
VbD/VDDA =0V, Vssp/Vssa =-3.0V, fosc1 = 32.768 kHz, Ta= 25°C, VL1/VL2/VL3 areinternal voltage

Item Symbol Condition Min. Typ. Max. Unit

Sampling time St1 A/D conversion in normal mode 100 mS
Stz A/D conversion in high speed mode 10 mS
Sampling rate Sr1 A/D conversion in normal mode 25 IS
Sr2 A/D conversion in high speed mode 10 /S

Linearity error LIN A/D conversion in normal mode -0.2 0.2 %FS
Polarity error Ep A/D conversion in normal mode -2 +2 dot
Zero point error ZOFF A/D conversion in normal mode -2 +2 dot
Voltage range Vssp/Vssa| VDD = VDbA =0V -35 Vsvo*1| Vv

*1 Vsvb: SVD judgment voltage

Reference voltage generator

Unless otherwise specified:
VbD/VDDA =0V, Vssp/Vssa =-3.0V, fosc1 = 32.768 kHz, Ta= 25°C, VL1/VL2/VL3 are internal voltage

Item Symbol Condition Min. Typ. Max. Unit
Temperature characteristics | Vreft | 0to 40°C -300 0 300 |pprvdeg
Supply voltage characteristics | Vrefv | Vssa (Vssp) =-2.15t0-3.5V -0.1 0.1 %
Reference voltage output Vref1 | Short-circuit between VRrF1 and VADJ terminals 400 780 mvV

Voltage between VRF1 and Vssa
Connect 70 kQ load resistor between VRF1 and Vssa

Output voltage during Vrmes | VRF1-Vssa =1.0V 400 Q range DDA \%
resistance measurement (Output voltages are vaues 4kQ range 0.7 \%
in case of Vssa standard) 40 kQ range 0.47 \%

400 kQ range 0.47 \Y

4 MQ range 0.47 \%

40 MQ range 0.47 \%
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CHAPTER 7: ELECTRICAL CHARACTERISTICS

7.5 Oscillation Characteristics

The oscillation characteristics change depending on the conditions (components used, board pattern, etc.).
Use the following characteristics as reference values.

Unless otherwise specified:
Vop/VDDA =0V, Vssb/Vssa =-3.0 V, Crystal: Q13MC146, Cc = Cp = built-in, fosc1 = 32.768 kHz, Ta= 25°C

Item Symbol Condition Min. Typ. Max. Unit
Oscillation start voltage Vsta | tsta<3sec -2.15 \Y
Oscillation stop voltage Vatp | tstp< 10 sec -1.8 \Y
Built-in capacitance (gate) Ce 20 pF
Built-in capacitance (drain) Cbp 15 pF
Harmonic oscillation start voltage| Vhho -35 \%
Permitted leak resistance Riesk 200 MQ

86 EPSON S1C62M20 TECHNICAL MANUAL



CHAPTER 8 PACKAGE

8.1 Plastic Package

CHAPTER 8: PACKAGE

] R
B 1
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CHAPTER 8: PACKAGE

QFP14-80pin
(Unit: mm)
14%0.4
12:0.1
60 41
LTI nrnt
61: 240
= = 33
— —
— INDEX —
80— — 21
I e
1 20
+0.1
- 0.5 0.18 -005
2
él = / 0125663
Ny . 0°
— - o
S 10
0.50.2
L
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CHAPTER 8: PACKAGE

8.2 Ceramic Package for Test Samples

QFP5-80pin
(Unit: mm)
‘ 26.8 +0.15 R
‘ 20.0 £0.18 N
64 I 41
i Y
i 7y
65 ! 40
[ E— | —
—— | —
| — i —
| | ———
| ‘ ——— I
—— } — 2|2
[ E— | — Ho|H
’’ == 33
| — i — —| N
| | ———
—— } —
[ E— | —
—— | —
80 i ——25
\ v
[
i
1 | 24
0.80 £0.05 (0.35+0.05
: L
b o | ~ H
< L ° B
e P \— ' o
Y — |
] J L [

Note: The QFP14-80pin ceramic package is not available for test samples.
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CHAPTER 9: PAD LAYOUT

CHAPTER 9 PaD LAyouT

9.1 Diagram of Pad Layout

20 15 10 5 1 80
25 75

HEHHHEHEHEEE

Y

[+] 30 £
70 | €
0, 0) 3
<
[+135
65 [+
[+]40 60 [+
i
45 50 55

4,32 mm

A

>
Chip thickness: 400 pm
Pad opening: 100 pm

An N channel silicon wafer is used, therefore the potential of the back of the IC should be the same as the
VDD when mounting the chip.
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9.2 Pad Coordinates

CHAPTER 9: PAD LAYOUT

(Unit: mm)
Pad Coordinate Pad Coordinate
No. Name X Y No. Name X Y
1 CH 1.658 2175 41 PO1/SOUT -1.995 -1.727
2 CL 1.497 2175 42 P02/SCLK -1.995 -1.887
3 ADI 1.015 2175 43 PO3/SRDY -1.995 -2.048
4 ADO 0.855 2175 44 SEGO -0.703 -2.175
5 AVX1 0.694 2175 45 SEG1 -0.543 -2.175
6 AVX2 0.534 2175 46 SEG2 -0.382 -2.175
7 (6(0) 0.373 2175 47 SEG3 -0.222 -2.175
8 CAZ 0.213 2175 48 SEG4 -0.061 -2.175
9 Cl 0.053 2175 49 SEG5 0.099 -2.175
10 BUF1 -0.108 2175 50 SEG6 0.259 -2.175
11 BUF2 -0.268 2175 51 SEG7 0.420 -2.175
12 BUF3 -0.429 2175 52 SEG8 0.580 -2.175
13 IL -0.589 2175 53 SEG9 0.741 -2.175
14 IH -0.749 2175 54 SEG10 0.901 -2.175
15 CFI -0.910 2175 55 SEG11 1.061 -2.175
16 SGND -1.070 2175 56 SEG12 1.222 -2.175
17 VI -1.231 2175 57 SEG13 1.437 -2.175
18 ovX -1.391 2175 58 SEG14 1.670 -2.175
19 OVSsG -1.551 2175 59 SEG15 1.831 -2.175
20 R1 -1.712 2175 60 COMO 1.995 -1.585
21 R2/VI5 -1.995 1.872 61 CoM1 1.995 -1.424
22 R3/VI4 -1.995 1712 62 COM2 1.995 -1.264
23 R4/VI3 -1.995 1.551 63 COoM3 1.995 -1.103
24 R5/VI2 -1.995 1.391 64 Vi 1.995 -0.934
25 R6 -1.995 1.231 65 Vi2 1.995 -0.774
26 K00 -1.995 0.884 66 VL3 1.995 -0.613
27 Kol -1.995 0.724 67 VDD 1.995 -0.423
28 K02 -1.995 0.563 68 0OsC1 1.995 -0.235
29 K03 -1.995 0.403 69 0osc2 1.995 -0.075
30 K10 -1.995 0.243 70 RESET 1.995 0.086
31 K11 -1.995 0.082 71 TEST 1.995 0.576
32 K12 -1.995 -0.078 72 Vssb 1.995 0.759
33 K13 -1.995 -0.239 73 C1 1.995 0.947
34 R0OO -1.995 -0.465 74 Cc2 1.995 1.112
35 RO1 -1.995 -0.625 75 Vss2 1.995 1.279
36 R02 -1.995 -0.786 76 VDDA 1.995 1.440
37 R0O3 -1.995 -0.946 7 Vssa 1.995 1.600
38 BZ -1.995 -1.106 78 VADJ 1.995 1.768
39 BZ -1.995 -1.407 79 VRF1 1.995 1.928
40 POO/SIN -1.995 -1.567 80 VRF2 1.995 2.089
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REFERENCE DATA

REFERENCE DATA

This section presents an example of the DMM specification that can be realized by the S1C62M20. (Note
that data does not guaranty the characteristics.)

1. Electrical Specification
Temperature: 18°C to 35°C (except for 40 MQ range in resistance measurement)
Humidity: 80%
Operating voltage: (VDD/VDDA) - (Vssb/VssA) = VsvD to 3.5 [V]
Note: 1. Accuracy .... + % of reading, + number of least digits
2. This accuracy is an efficiency value for finished goods. (When reference resistors and
other parts which have precision reading shown in Chapter 6, "DIAGRAM OF BASIC
CONNECTIONS" are used.
3. Vswp ... SVD judgment voltage
1.1 DC Voltmeter
Reading .
(Max. reading) Resolution Accuracy
399.9 mvV 100 pv + (0.5% + 1)
3.999 V 1imv +(0.8% + 1)
0BV omv +(0.8%+1) Input impedance: 10MQ
3999V 100 mv £ (0.8%+1) Precision for reference resistor: 0.1%
1000 vV 1v +(0.8% +1) Response time: 2 seconds maximum
1.2 AC Voltmeter
Reading Resolution Accur Fr ncy (H
(Max. reading) esolutio ccuracy equency (Hz)
399.9 mv 100 pv +(1.5% + 3) 40-100
3.999V 1mv +(1.2%+ 3) 40-500
39.99V 10mv +(1.2%+ 3) 40-500
399.9V 100 mv +(1.2%+ 3) 40-500
750 V 1v +(1.2%+ 3) 40-500
Input impedance: 10MQ
Precision for reference resistor: 0.1%
Response time: 2 seconds maximum
AC-DC conversion rectification method:  Mean value detection, effective value indication
1.3 DC Ammeter
Readin . .
(Max. rea d%ng) Resolution Accuracy Input resistor
399.9 pA 100 nA + (1.0% + 2) 1kQ
3.999 mA 1A +(1.0% + 2) 100Q
39.99 mA 10 A +(1.0% + 2) 10Q
399.9 mA 100 pA +(1.0% + 2) 1Q
3.999 A 1mA +(1.5% + 2) 01Q
10.00 A 10 mA + (1.5% + 2) 001Q
Maximum input current: 400 pA to 400 mA ... protected by fuse 0.5A
4A,10A .. Unfused

Precision for reference resistor: 0.5%
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AC Ammeter
(fo(.%r‘g;ndgi]ng) Resolution Accuracy Input resistor
399.9 pA 100 nA +(1.3%+5) 1kQ
3.999 mA 1pA +(1.3%+5) 100 Q
39.99 mA 10 pA +(1.3%+5) 100
399.9 mA 100 pA +(1.3%+5) 1Q
3.999 A 1mA + (1.8%+5) 01Q
10.00 A 10 mA + (1.8% +5) 0.01Q
Maximum input current: 400 pA to 400 mA ... protected by fuse 0.5A
4A,10A e Unfused
Precision for reference resistor: 0.5%

AC-DC conversion rectification method:  Mean value detection, effective value indication

Resistance
Reading Resolution Accuracy Measurement
(Max. reading) voltage / current

399.9Q 100 mQ +(0.7% + 2) VbobA 1.2 mA orless
3.999 kQ 1Q +(0.7%+ 2) 0.7V (TYP) 0.7 mA or less
39.99 kQ 10Q +(0.7%+2) |047V (TYP) 0.7mA orless
399.9kQ 100 Q +(0.7%+2) |047V (TYP) 0.7mA orless
3.999 MQ 1kQ +(1.0%+2) |047V (TYP) 0.7mA orless
39.99 MQ 10kQ +(15%+2) |047V (TYP) 0.7mA orless

Precision for reference resistor: 0.1%
Response time: 5 seconds maximum on 40 MQ range
2 seconds maximum on all other ranges

Note: Temperature range for 40 MQ is 18°C to 30°C.

Continuity check

Continuity check is done within the 400 Q range or 4 kQ range in the resistance measurement mode.
Buzzer control during the continuity check is done by the hardware. The hardware judges continu-
ity when the measured resistance is less than the threshold resistance for continuity sound genera-
tion, and generates continuity sound.

Reading Resolution Continuity sound Release
(Max. reading) generation resistance| voltage
399.9Q 100 mQ 50Q+30Q VDA

Note: 50 Q, 100 Q, 500 Q or 1 kQ can be selected for the continuity sound generation resistance
by the software.
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2. Notes
The following shows the notes when using the S1C62M20 for DMM.

2.1 40 MQ range during resistance measurement

When a resistance of about 40 MQ is measured in the 40 MQ range, the measurement error increases under
the influence of the diode leak inside of the SIC62M20 if the temperature becomes high. Therefore, the
measurable temperature range of the 40 MQ range narrows on the high temperature side.

2.2 Freguency characteristic of AC voltage

In the 400 mV range during AC voltage measurement, the frequency characteristic is 40 Hz to 100 Hz. The
other ranges are 40 Hz to 500 Hz.

2.3 Reference voltage setting

The reference voltage should be set as follows: VRF1 = 1.0 V and VRF2 = 218.5 mV.

If the VRF1 voltage is too higher, measurement error increases during resistance measurement. If the VRF1
voltage is too low, measurement result does not stabilize during resistance measurement.

The VRF1 output voltage when the VRr1 terminal and VAD) terminal are shorted is 0.40 to 0.78 V.

2.4 Connection of SGND

The S1C62M20 uses the input from the SGND terminal as the GND level input to the A/D converter. The
SGND terminal should be connected directly to the COM port of the DMM to increase the accuracy of A/D
conversion. Measurement accuracy decreases if the COM port is connected to the SGND terminal via the
line in which the large current flows, particularly during current measurement.

4A ©—

SGND

COM ©—» SGND
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