TOSHIBA

CMOS 4-Bit Microcontroller

TMP47C241N, TMP47C241M

The 47C241 has 8-bit A/D converter, watchdog timer
serial interface based on the TLCS-47E series.

PartNo. | ROM | RAM | Package oTP P'i%‘:;‘:“
TMPATC24IN | oo | 1og | SDIPZB | TMPATPR4TVN TM+P;KAF’1914502AE
TMP47C241M | X BDIL| X 4Dt 5opog | TMPATP2AIVM | (spipy
Features

¢ 4-bit single chip microcomputer
e Instruction execution time:
- 1.3us (at 6MHz )
* | ow voltage operation:
- 2.7V (at 4.2MHz RC)
* 90 basic instructions
¢ Table look-up instructions
¢ Subroutine nesting:
- 15 levels max.
* 6 interrupt sources (External: 2, Internal: 4)
- All sources have independent latches each, and multiple
interrupt control is available.
¢ |/O port (21 pins)
- Input 2 ports 5 pins
- Output 2 ports 5 pins
- /0 4 ports 11 pins
* Two 12-bit Timer/Counters
- Timer, event counter, and pulse width measurement mode
* |nterval Timer
* Watchdog Timer
¢ Serial Interface with 4-bit buffer
- External/internal clock, and leading/trailing edge shift mode
* 8-pbit successive approximate type A/D converter
- With sample and hold
- 4 analog inputs
- Converting time: 48us (4MHz)
e High current outputs
- LED direct drive capability; typ. 20mA x 5 bits (Ports
P1, P2)
typ. 7mA x 3 bits (Port R9)
* Hold function
- Battery/Capacitor back-up
e Real Time Emulator:
- BM47214A + BM1152 (SDIP)
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TMP47C241N
TMP47C241M

SDIP28-P-400
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TMP47C241N
TMP47C241VN
SOP28-P-450
%«/X@“
TMP47C241M
TMP47C241VM
SDIC42
TMP47C940AE
Pin Assignment (Top View)
varer — [ 1 ™~ 28 [J=— vDD
R40(AIND) =[] 2 27 J=—x03
R41(AINY) ==[]3 26 [J ~— K02
R42 (AIN2) == []4 25 [J =— ko1
R43 (AIN3) =[5 24 [§ =— x00
R71 (WT0) =~ []6 23 [} ~— HOLD (KED)
R8O (INT2) =[] 7 22 [ «— RESET
R81(T2) == []8 21 [J—» xouT
R82 (INT1) == []9 20 [ =— XIN
p10 -—[] 10 19 [ —— TEST
p1y =—[] 11 18 [ = R92 (3CK)
P12 =012 17 [J === R91(50)
p13 -—[]13 16 [J —e= R90 (SI)
vss —{]14 15 (J— P20
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Block Diagram
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4-Bit Microcontroller TLCS-47E Series

TMP47C241N/241M

Pin Function

Pin Name Input/Qutput Functions
K03 - K00 input 4-bit input port
P13-P10 4-bit output port with laich
Output
P20 1-bit output port with latch
R43 (AIN3) 4-bit 1/0 port with fatch ’
R40 (AINO) VO (Inpu) When using as input port, the latch must be set to *1” A converter analog input
1-bit 1/0 port with latch. )
R71 (WTO) VO (Outout) When using as input port or watchdog timer output, the latch must be set to 1", Watchdog tmer output
R82 (INTT) $-0it /O port with atch. External interrupt 1 input
R81 (12) VO (input) When using as input port, external interrupt input pin, or timer/counter external Timer/Counter 2 extermal input
RE0 (NT2) input pin, the latch must be setto “17. External interrupt 2 input
| -
R92 (SCK) 1/0 (//0) 3.5t 0 port with ach Serial clock /0
R91 (SO) 1/0 (Output) Serial data output
RYO (S1) 1O (Input) When using as input port or serial port, the latch must be setio “1". Serial data input
XIN tnput Resonator connecting pins.
XOuT Output For inputting external clock, XIN is used and XOUT is opened
RESET Input Reset signal input
HOLD (KED) Input (1/0) Hold request/release signal input Sense input
vDD +5V,
VSS Power Supply | OV (GND)
VAREF A/D converter analog reference
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TMP47C241N/241M

4-Bit Microcontroller TLCS-47E Series

Operational Description

Concerning the 47C241, the hardware configuration and
operation are described.

As the description is provided with priority on those parts
differing from the 47C200B, the technical data sheets for the
47C2008B shall also be reffered to.

The 47C940A can be used by piggyback. Therefore, cau-
tion is required, the technical data sheets for 47C340A shall
also referred to. Notes for use of the piggyback are the same
as the 47C2428B.

1. System Configuration
(1) /O Ports
(2) A/D Converter
(3) Watchdog Timer

2. Peripheral Hardware Function

2.1 Ports
The 47C241 has 8 I/0 ports (21 pins) each as follows:

1) KO ; 4-bit input

2) P1 ; 4-bit output

3) P2 ; 1-bit output

4) R4 ; 4-bit input/output (shared by A/
D converter analog inputs)

5 R7 ; 1-bit input/output (shared by
the watchdog timer output)

6) R8 . 3-bit input/output (shared by
external interrupt request input and timer/counter output)

7)R9 ; 3-bit input (shared bt serial port)

8) KE ; 1-bit sense input (shared by

hold request/release signal input)

This section describes ports of 3~6 which are changed
from the 47C200B. Table 2-1 lists the port address assign-
ments and the /O instructions that can access the ports. The
5-bit to 8-bit data conversion instruction [OUTB @HL] is
invalid.

(1) Port P2 {P20)

Port P2 is 1-bit output port with latch. When used as an
input port, the latch must be set to “1”. The latch is initialized to
“1” during reset. P21, P22 and P23 pins do not exist actually
but these pins have the latches.

Port P2 (Port address OP02/1P02)

3 2 1 0
[ P23 | p2 | e | e |
SET/CLR/IN/TEST/TESTP SET/CLR/IN/TEST/TESTP
Input data
Inputdata <} P <l
Output data _[>_D PIN Output data

(a) P20

(b) P21, P22, P23

Figure 2-1. Port P2

(2) Ports R4 (R43-R40)

Ports R4 is 4-bit I/O ports with latch shared by the analog
inputs for A/D converter. When used as an input ports or ana-
log inputs, the latch should be set to “1”. If other port is used
as an output, be careful not to execute the output instruction

Port R4 (Portaddress OPO04/1P04)

3 2 1 0
R43 R42 R41 R40
(AIN3) (AIN2) (AIN1) (AINO)

for any port during A/D conversion in order to keep accuracy
of conversion.

The latch is initialized to “1” and analog input is selected
R40 (AINO) pin during reset.

Analog input CD*
IN/TEST /lESTP
Input data prmpp— <}
<
Output date > —D PIN

Figure 2-2. Port R4
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4-Bit Microcontroller TLCS-47E Series TMP47C241N/241M

3) Port R7 (R71) ing reset. R70, R72, R73 pins do not exist actually but R70
1-bit VO pin with latch. R71 pin is shared by the watchdog has the latch. In R72 and R73, “1 “ is read when an input
timer output. To use R71 pin for the watchdog timer output, instruction is executed.

the latch should be set to “1”. The latch is initialized to “1” dur-

Port R7 (Port address OP07/1P07)

3 2 1 0
R71 R70
{WTO)

IN/TEST/TESTP
input data
- SET/CLR/IN/TEST/TESTP

Input data <}

Output data
Output data

WTO output

(a) R71(WTO) (b) R70

Figure 2-3. Port R7

(4) Port R8 (R82-R80) reset. R83 pins does not exist actually but R83 has the latch.
3-bit I/O port with latch. When used as an input port, the ~ There is no timer/counter 1 external input pin (T1).
latch must be set to “1”. The latch is initialized to “1” during

Port R8 (Port address OP08/P0OB)
3 2 1 [

R83 R82 R81 R8O
(INTT) (T2) (iNT2)

Control input <—Q——

IN/TEST/TESTP

SET/CLR/IN/TEST/TESTP

Input data Input data d
Output data —me Output data
(a) R8O, R81, RE2 (b) R83
Figure 2-4. Port R8
2.2 Timer/Counter (TC1, TC2) Therefore, timer/counter 1 can be used as internal timer mode

The 47C241 does not have timer/counter 1 external input. only. Other function are equivalent to the 47C200B.
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TMP47C241N/241M 4-Bit Microcontroller TLCS-47E Series

Timer/ counter 1 control Timer/ counter 2 control
(Port address: OP1C  initial value : 0000) {Port address: OP1D Initial value : 0000)
3 2 1 0 3 2 1 0
! TCMS1 l PRI | | TCMS2 I 1PR2
TCMST IMode selection ] TCMSﬂ Mode selection ]
00: Stop 00: Stop
01: Reserved 01: Eventcounter mode
10: Timer mode 10: Timer mode
11: Reserved 11: Pulse width measurement mode
PR Internal pulse rate selection 1PR2 llnternal pulse rate selection
fc=4.19MHz fc=4.19MH2
00: fc/2'0 [Hz] ... 4096 [H2) 00: fc/2'° [Hz) 4096 [Hz]
01: fe/2™ . 256 01: fcs2% 256
10: fer2® L 16 10: fe/2® L 16
110 fe/2%2 1 11 /222 1
a) 1O (o) 7TC2

Figure 2-5. Timer/Counter Control Command Registers

100 TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.



4-Bit Microcontroller TLCS-47E Series TMP47C241N/241M

Table 2-1. Port Address Assignments and Available I/0 Instructions

Port Input/Output Instructions
dire 9 TA % SET %p, b | TEST %p, b SET GL
‘:d('.'f)s Input (IP**) | Output (OP**) :: 45 %HL ggT @HL, /: OUT #k, %p | OUTB@HL | ¢y o /: b | TESTP /z b %ST gLL
00y KO input port - ¢] - - - - fe} R
01 P1 output latch P1 output port [¢] O (o] - e} ¢
02 P2 output fatch P2 output port o (¢] (o] - 0 0O -
03 - - - - - - - - -
04 R4 input port R4 output port (6] o] [¢] - (o] 0 (o]
05 - - - - - - - - -
06 R6 input port R6 output port - - - - R R N
07 - - o (¢} ¢] - o} 0 o]
08 R8 input port R8 output port (6] (e} (o] - ¢} (s}
03 R input port R9 output port e} o o - o} O
0A - - - - - - -
0B - - - - - - -
0C A/D Status 0 - - - _ - .
input
00 A/D converted o] - - - R . .
value
OF SI0 Hold Status - 0 - - - . . -
OF Serial receive | Serial transmit buffer (o] e} o} - - - -
bufter
10y Undefined Hold operating mode - o} - - - - -
control
1 Undefined - - - - - - R -
12 Undefined A/D analog input - O - - - - -
selector
13 Undefined A/D analog input - e} - - - - R
selector
14 Undefined - - - - B - R -
15 Undefined Watchdog timer control - (o] - - - - .
16 Undefined - - - - - R - R
17 Undefined - - - - - R R R
18 Undefined - - - - - - R -
19 Undefined Interval Timer inferrupt - (o] - - - - -
controf
1A Undefined - - - - - R R -
18 Undefined - - - - - B - R
1C Undefined Timer/Counter 1 control - - - - . B -
1D Undefined Timer/Counter 2 control - [¢] - - - - -
1E Undefined Serial Interface Control - - - - , , R
1F Undefined SI0 control 2 - O - - - R _

Note 1. "-" means the reserved state. Unavailable for the user programs.
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4-Bit Microcontroller TLCS-47E Series

2.3 A/D Converter
The 47C241 has a 8-bit successive approximate type A/D

2.3.1 Circuit Configuration

converter and is capable of processing 4 analog inputs.

VAREF D

tadder Resistor
Tap Decoder

AINO D—

Reference Voltage

Compa-

Successive Approximate Circuit

V
i Analog

: Sample
: Input & Hold
g Multiplexer

'

AIN3 D—

S o

Control Circuit

lue Register I
[ A{D C?nvelned‘va t‘J! elgt

10
\POC 7 6 _5 4 3 2

—_———

1
[F PR

LRp=1 LRg=0

Internal Bas

Figure 2-6. Block Diagram of A/D Converter

2.3.2 Control of A/D Converter

The operation of A/D converter is controlled by a com-
mand. The command register is accessed as port addresses
OP12 and OP13. A/D converted value and end of conversion
flag (EOCF) can be known by accessing port addresses IPOD

Analog input select command register

3 2 1 0

(Port address

and IPOC.

(1) Analog input selector

Analog inputs (AINO through AIN3) are selected by values
of this register.

OP12)

] i

T
SAIN

(initial value 0000 )

Analog input selection
0000: R4D{AINO)
0001: RA1(AINY)
0010: R42(AIN2)

Note. «; don’tcare

0011: R43(AIN3)
01+ . : Analog input is not selected.

1 Analog input is not selected.

L teoe

Figure 2-7. Analog Input Selector

(2) Start of AID conversion
A/D conversion is started when ADS is set to *1”. After the
conversion is started, ADS is cleared by hardware. If the

102

restart is requested during the conversion, the conversion is
started again at the time.
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4-Bit Microcontroller TLCS-47E Series

TMP47C241N/241M

A/ D conversion start command register

3 2 1 0

(Port address OP13)

{Initial value 0000 )

A/ D conversion enable

1

A/D conversion is started (clears after starting)

Figure 2-8. A/D Conversion Start Register

(3) A/D converted value register
An A/D converted value is read by accessing port address

A /D converted value register

3 2 1 0

IDZ‘D‘I

(Port address 1POD)

IPOD. An A/D converted value is read by splitting into upper 4
bits and lower 4 bits by a value of LR (LSB of the L-registers).

‘ DO l When LRy = 0, lower 4 bits of the converted value is read.

l o 7 L D 6 I o s l D 4 l When LR°=1,upper4bitsoftheconvenedvalueisread.

Figure 2-9. A/D Converted Value Register

(4) A/D converter status register
End of conversion flag (EOCF) is a single bit flag showing
the end of conversion and is set to “1” when conversion

A /D converter status register

ended. When both upper 4 bits and lower 4 bits of a con-
verted value are read or A/D conversion is started, EOCF is
cleared to “0”.

(Port address  I1POC)

End of conversion flag l

0: Under A/D conversion or before A/D conversion

LI : End of A/D conversion

Figure 2-10. A/D Converter Status Register

2.3.3 How to use A/D Converter

Apply positive of analog reference voltage to the VAREF
pin and negative to the VSS pin. The A/D conversion is carried
out by splitting reference voltage between VAREF and VSS to
bit corresponding voltage by a ladder resistor and making a
judgement by comparing it with analog input voltage.

Analog supply current {Irer) is typically 500u1A at VAREF
=5V.

Note that this ladder resistor is connected to VAREF and
VSS even in the HOLD mode. Therefore to reduce the power
consumption, VAREF should be disconnected from the analog
reference voltage supply.

(1) Start of A/D conversion
Prior to conversion, select one of the analog input AINO
through AIN3 by the analog input selector. Place output of the

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.

analog input, which is to be A/D converted, in the high imped-
ance state by setting “1”. If other port is used as an output, be
careful not to execute the output instruction for any port dur-
ing conversion in order to keep accuracy of conversion.

A/D conversion is started by setting ADS (bit 1 of the A/D
conversion start register). When conversion ends after 24
instruction cycles, EOCF showing the end of conversion is set
to “17.

Analog input voltage is sampled during the following 2
instruction cycles after setting ADS.

Note: The sample and hold circuit has capacitor (C, = 12pF typ ) with resis-
tor (R = 5KQtyp.). See /O circuitry table. This capacitor should be charged
within 2 instruction cycles.

(2) Reading of an A/D converted value

After the end of conversion, read an A/D converted value

103



TMP47C241N/241M
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is read by splitting into lower 4 bits and upper 4 bits by the A/D
converted value register ({POD).

Lower 4 bits of the A/D converted value can be read when
LRy = 0 and upper 4 bits when LRy = 1. Usually an A/D con-
verted value is stored in RAM by an instruction [IN % p, @HL].
Further, if an A/D converted value ; 5 read during the conver-
sion, it becomes an indefinite value.

(3) A/D conversion with HOLD operation

When the HOLD operation is started during the conver-
sion, the conversion is terminated and an A/D converted value
becomes indefinite. Therefore, EOCF is kept clear to “0" after
release from the HOLD operation. However, if the HOLD oper-
ation is started after the end of A/D conversion (after EOCF
has been set), A/D converted value and status of EOCF are
held.

Example: Selecting analog input (AING), starting A/D con-
version, monitoring EOCF and storing lower 4 bits and upper 4
bits of a converted value to RAM [10,] and RAM [11,}] respec-
tively.

LD OUT A, #3 ; Selects analog input
(AIN3)

ouT A, %0P12

LD A, #1 ; Start of A/D conversion

ouT A %0OP13

SLOOP:  TEST %IPOC, 3 ;To wait until EOCF goes
Binary Counter
214/ f¢
1123
216/ fc
——-|
Selector Clear Request
218/ fc
—
2174 Control Circuit
———

Interval Timer

OP15

to *1”
B SLOOP
LD HL, #10H ; HLe-10y
IN %IPOD, @HL ; RAM [104)«Lower

4-bits

INC L ; Increment of L registers
IN %IPOD, @HL ; RAM {11 ]« Upper
4-bits
2.4 Watchdog Timer (WDT)

The purpose of the watchdog timer is to detect the mal-
function (runaway) of the external noise or other causes and
return the operation to the normal condition.

The watchdog timer output is output to R71 must be set
to *1". Further, during reset, the output latch of R71 is set to
“1", and the watchdog timer becomes disable state.

The intialization at time of runaway will become possible
when the WTO pin and RESET pin are connected each other.

2.4.1 Watchdog Timer (WDT)
The watchdog timer consists of a 3-stage counter, flip-fiop
(F/F), and its control circuit. The F/F is set to “1" during reset,

and cleared to “0" at the rising edge of the binary counter out-
put.

CPU reset

External Circuit

‘_
w
-
>
0

! Cor\:\man'd Reqmer l

R7 Output Latch

3 2 t 0 3

2 1 0

ﬁ

Simplified

S internal Bus

; power-on-reset

Figure 2-11. Watchdog Timer

2.4.2 Control of watchdog timer

The watchdog timer is controlled by the command register
(OP15). This command register is initialized to “1000g" during
reset. The following are the procedure to detect the matfunc-
tion (runaway) of CPU by the watchdog timer.

1) At first, detection time of the watchdog timer should be
set and binary counter should be cleared.

104

2) The watchdog timer should become enable.

3) Binary counter must be cleared before the detection
time of the watchdog timer. When the runaway of CPU is taken
palce for some reason and binary counter is not cleared, the F/
F is cleared to “0” at the rising edge of the binary counter and
signal of runaway detection is become active (WTO output is
“L).
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TMP47C241N/241M

Watchdog Timer control command register (Port address  OP15)

3 2 1

RWT EWT

T™WT (Initial value 1000)

Clears binary counter I

Enable/Disable

0 : Disable

Note. fc.; Basicclock frequency [Hz]

Example: To set the watchdog detection time (22" /icsec]). And to enable the watchdog timer.

LD A,

ouT A, %0OP15

LD A, #1110B

ouT A, %0P15
Within WDT detection time

LD A, #1110B

ouT A, %0P15

1 : Enable

Setting of watchdog timer detection time

Example : At {C=4.1SMHz

00 : 2'7/fc [sec] o 31.25 [ms]
01 : 2Y9/4c 125
10 @ 22v/fc e 500

1o 28/ e 4000

; OP15¢-0010g

(Sets WDT detection time. Clears binary counter)

; OP15+-0010g (Enables interrupt)

; OP15¢-0010g (Clears binary counter)

0 : Clears binary counter (After clear, automatically *17 is set)

Note: It is not necessary to set RWT to “1”. Note that both EWT (enable Watchdog Timer) and RWT shouid not be set to “1” at the same time.,

TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC.
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Input/Output Circuitry
The input/output circuitries of the 47C241 control pins except XIN and XOUT pins are similar to that of the 47C200A.
(1) Control pins
Control Pin 170 Circuitry and Code Remarks
SA, 58, SC SG
enabl Resonator connecting pins
XIN input R =1KQ (typ.)
XoUT Output R = 1.5MQ (typ.)
Ro Ro=2KQ (typ.)
Ceramicor
Crystal
XIN xout XiN Xout
(2) I/0 ports
Input/Output Circuitry and Code
Port 1/0 Remarks
SA, SG SB sC
vDD .
R R Push-up/Pull-down resistor
Rin Ry = 70K (typ.)
Ko input —‘Q-W\’_D IN
’ R R =1KQ (yp)
R
Sink open drain output
Pt Output initial *Hi-Z”
P2 —Do— High current
lo. = 20mA (typ)
Sink open drain output
D Initial “Hi-Z"
—o—] Hysteresis input
R4 110 AIN selector R R =1KQ(yp)
Analog input
e M Ry =5KQ2 (p)
Ca = 12pF (typ.)
Sink open drain output
R7 170 >0 l Initial "Hi-Z"
R R =1KQ (typ.)
!
~J
Sink open drain output
Initial "Hi-Z"
Re High current (R9)
RS 110 —Do— . lo = 7mA (typ.)
Hysteresis input
¢ R - 1K (yp)
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Absolute Maximum Ratings (Vg5 = 0V)

Symbol Iltem Pins Rating Unit
Vbp Supply Voltage -0.3t07 Vv
Vin Input Voltage -0.3to Vpp + 0.3 \

louT1 Except sink open drain pin -0.3to Vpp + 0.3

louTz | Output Current Ports P1, P2, R7 - R9 -0.3t0 10 \
louTta Analog inputs -0.3to Vpp + 0.3

louTt Ports P1, P2 30

loyte | Output Current (Per 1 pin) Ports R9 15 mA
louTa Port R4, R7, R8 3.2

ZouTt | Output Current (Total) Port P1, P2, R9 120 mA
PD Power Dissipation [Topr = 70°C] 600 mw
Teia Soldering Temperature (time) 260 (10sec) °C
Tstg Storage Temperature -55to 125 °C
Topr Operating Temperature -30t0 70 °C

Recommended Operating Conditions (T, = -30 to 70°C, Vg5 = OV)

Symbol Parameter Pins Conditions Min. Max. Unit
fc = 6.0MHz 4.5
Voo Supply Voitage fc = 4.2MHz 27 6.0 Vv
In the HOLD mode 2.0
\ Except Hysteresis input Vppx 0.3
IH1 . P! ‘Y P Vop > 4.5V DD
Vine | Input High Voltage | Hysteresis input Vpp X 0.75 Vop \
Vi Vpp < 4.5V Vpp X 0.9
V Except Hysteresis Input Vppx0.7
i1 P Y P! Voo > 45V o]}
Vi Input Low Voitage | Hysteresis Input (¢] Vpp x 0.25 v
Vis Vpp < 4.5V Vpp x 0.1
Vpp=4.5~6.0V 6.0
fc Clock Frequency Vpp =27~ 6.0V 0.4 42 MHz
Vpp = 2.2 ~ 5.5V(RC) 2.5

Note: Input Voltage V3, V) 5t in the HOLD operating mode.
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D.C. Characteristics (T, = -30 to 70°C, Vgg = 0V)

Symbol Parameter Pins Conditions Min. | Typ. | Max. | Unit
Vus | Hysteresis Voltage Hysteresis input - 0.7 - \
| Port KO, TEST,

N | input Current RESET, HOLD Vpp=5.5V, V=550V | - | - | #2 | uA
line Ports R (open drain)
RNy , Ports KO with push-up/pull-down 30 | 70 | 150
Input Resistance KQ
Ring HESET 100 | 220 | 450
Ilo | Output Leakage Current Ports R, P (open drain) Vpp = 5.5V, Vour =5.5V - - 2 LA
Voo | Output Low Voltage Except XOUT, ports P Vgp = 4.5V, Ig = 1.6mA - - 0.4 \
loi Ports P1, P2 - 20 -
Low Qutput Current Vpp = 4.5V, g = 1.0V mA
lows Port R9 7
Supply Current _ B ) 3 6 mA
oo (in the Normal operating mode) Vop =55V, fo = 4MHz
Supply Current B ) 05 10 A
'o0H | (i the HOLD operating mode) Vop =55V : a

Note 1. Typ. values show those at Ty, = 25°C, Vpp = 5V.

Note 2. Input Current ln: The current through resistor is not included, when
the input resistor (pull-up/puli-down) is contained.

Note 3. Supply Current: Igp, Ippy  Vin5.3V/0.2V

The KO port is open when the input resistor is con-
tained. The voltage applied to the R port is within
the vaild range.

A/D Conversion Characteristics (Typ, = -30 to 70°C)
Symbol Parameter Conditions Min. Typ. | Max. | Unit
Varer | Analog Reference Voltage Varer - Vss Vpp- 15 - Voo \
AVaper | Analog Reference Voltage Range 2.7 - - \
Vain | Analog Input Voltage Vgg - | Vager| V
lrer | Analog Supply Current - 0.5 1.0 mA
Nonlinearity Error - - +1
Zero Point Error Vpp = 5.0V, Vgg = 0.0V - - 1
Vager = 5.000V LB
Full Scale Error V,sg = 0.000V - - +1
Total Error - - +1
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A.C. Characteristics (Top, = -30 to 70°C, Vg5 = 0V)

Symbol Parameter Conditions Min. Typ. | Max. | Unit
Vpp = 4.5 ~ 6.0V 1.3
Instruction Cycle Time - 20 s
foy 4 Vpp = 2.7 ~ 6.0V 1.9 :

twen | High level Clock pulse Width

- For external clock mode 80 - - ns

tweL | Low level Clock pulse Width
AN A/D Sampling Time - 4 us
tson | Shift Data Hold Time 0.5t - 300 - - ns

Note. Shift data Hold Time:
External circuit for pins SCK and SO serial port (completed of transmission)
VDD
3K 1.5V
10KQ

;IW_ 50pF s 4X )( )( J( 1.5V

Recommended Oscillating Conditions
(Topr =-30to 70°c, VDD =45t 6.0V, VSS = Ov)

(1) 8MHz
Ceramic Resonator 6MHz
CSAB.00MGU (MURATA}  Cyy = Cxout = 30pF ez
KBR-6.00MS (KYOCERA) CX{N = CXOUT = BODF
Cxn Cxour
(2) aMHz ; ;
Ceramic Resonator
KBR-4.00MS (KYOCERA) Cyn = Cxour = 30pF XIN XOUT
Crystal Oscillator
204B-6F 4.0000 (TOYOCOM) CXlN = CXOUT = ZODF A00KH2 Rxout

(3) 400KHz Cxin

Cxout
Ceramic Resonator ;I ;I

CSB400B (MURATA) Cyin = Cxour = 220pF,

Ryout = 6.8KQ
KBR-400B (KYOCERA)  Cogny Cxout  100PF, xan TNt
RxouT = 10KQ
(4 RC Oscillation
2MHz (Typ.) Cyin = 33pF, Bx = 10KQ
400KHz (Typ.) Cyin =100pF, Rx = 26KQ Cxin Rx

H
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