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TOSHIBA TMP47C241

Document Change Notification

The purpose of this notification is to inform customers about the launch of the Pb-free version of the
device. The introduction of a Pb-free replacement affects the datasheet. Please understand that this
notification is intended as a temporary substitute for a revision of the datasheet.

Changes to the datasheet may include the following, though not all of them may apply to this
particular device.

1. Part number
Example: TMPxxxxxxF - TMPxxxxxxFG

All references to the previous part number were left unchanged in body text. The new
part number is indicated on the prelims pages (cover page and this notification).

2. Package code and package dimensions
Example: LQFP100-P-1414-0.50C - LQFP100-P-1414-0.50F

All references to the previous package code and package dimensions were left unchanged
in body text. The new ones are indicated on the prelims pages.

3. Addition of notes on lead solderability
Now that the device is Pb-free, notes on lead solderability have been added.

4. RESTRICTIONS ON PRODUCT USE

The previous (obsolete) provision might be left unchanged on page 1 of body text. A new
replacement is included on the next page.

5. Publication date of the datasheet

The publication date at the lower right corner of the prelims pages applies to the new
device.
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TOSHIBA TMP47C241

1. Part number

2. Package code and dimensions

Previous Part Number | Previous Package Code
) . 9 New Part Number | New Package Code OTP
(in Body Text) (in Body Text)
TMP47C241N P-SDIP28-400-1.78 TMP47C241NG SDIP28-P-400-1.78 TMP47P241VNG
TMP47C241M P-SOP28-450-1.27 TMP47C241MG SOP28-P-450-1.27B | TMP47P241VMG

*: For the dimensions of the new package, see the attached Package Dimensions diagram.
3. Addition of notes on lead solderability
The following solderability test is conducted on the new device.

Lead solderability of Pb-free devices (with the G suffix)

Test Test Conditions Remark

(1) Use of Lead (Pb)
-solder bath temperature = 230°C
-dipping time = 5 seconds
‘the number of times = once
-use of R-type flux Leads with over 95% solder coverage
(2) Use of Lead (Pb)-Free till lead forming are acceptable.
-solder bath temperature = 245°C
-dipping time = 5 seconds
‘the number of times = once
-use of R-type flux

4. RESTRICTIONS ON PRODUCT USE
The following replaces the “RESTRICTIONS ON PRODUCT USE” on page 1 of body text.

Solderability

RESTRICTIONS ON PRODUCT USE 20070701-EN

¢ The information contained herein is subject to change without notice.

e TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor

devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical
stress. It is the responsibility of the buyer, when utilizing TOSHIBA products, to comply with the standards of safety
in making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such
TOSHIBA products could cause loss of human life, bodily injury or damage to property.
In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as
set forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and
conditions set forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability
Handbook” etc.

e The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.).These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
(“Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship
instruments, transportation instruments, traffic signal instruments, combustion control instruments, medical
instruments, all types of safety devices, etc.. Unintended Usage of TOSHIBA products listed in his document shall
be made at the customer’s own risk.

e The products described in this document shall not be used or embedded to any downstream products of which
manufacture, use and/or sale are prohibited under any applicable laws and regulations.

¢ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA for any infringements of patents or other rights of the third parties which may result from its
use. No license is granted by implication or otherwise under any patents or other rights of TOSHIBA or the third
parties.

e Please contact your sales representative for product-by-product details in this document regarding RoHS
compatibility. Please use these products in this document in compliance with all applicable laws and regulations that
regulate the inclusion or use of controlled substances. Toshiba assumes no liability for damage or losses occurring
as a result of noncompliance with applicable laws and regulations.

e For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter
entitled Quality and Reliability Assurance/Handling Precautions.

5. Publication date of the datasheet

The publication date of this datasheet is printed at the lower right corner of this notification.

II 2008-03-06
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TMP47C241
(Annex)
Package Dimensions
SDIP28-P-400-1.78
Unit: mm
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TOSHIBA TMP47C241

SOP28-P-450-1.27B

Unit: mm
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TOSHIBA TMPA47C241

CMOS 4-Bit Microcontroller

TMP47C241N
TMP47C241M

The TMP47C241 are high speed and high performance 4-bit single chip micro computers, integrating 8-bit AD
converter, watchdog timer and serial Interface based on the TLCS-47 series.

Part No. ROM RAM Rackage OoTP
TMP47C241N . \ P-SDIP28-400-1.7 TMP47P241VN
_TMP47C241N 2088x8bit | 128xabit  hF- SDIP28-400-1.78 | TMP47P241VN
TVIP47C241M P-SOP28-450-1.27 TMVIP47P241VM

Features
@ 4-bit single chip microcomputer

®Instruction execution time: 1.3 us (at 6 MHz)
#Low voltage operation: 2.7 V (at 4.2 MHz) P-5DIP28-400-1.78
€90 basicinstructions =N
eTable look-up instructions e }?
#Subroutine nesting: 15 levels max /j/ Wﬁw |
&6 interrupt sources (External: 2, Internal: 4) *ﬁ;ﬁ?ﬁ‘ﬂf
All sources have independent latches each, and multiple
interrupt control is available TMP47C241N
@1/0 port (21 pins) TMP47P241VN
[ ] Inpu‘t 2 pOI"tS 5 pinS P-SOP28-450-1.27
e Output 2ports 5 pins
e |/O 4 ports 11 pins
#Two 12-bit Timer/ Counters >
Timer, event counter, and pulse width measurement mode {\;D; /{@ﬁ@
®Interval timer S{ﬁ@ﬁ@
®Watchdog Timer
#Serial Interface with 4-bit buffer TMPATC241M
External / internal clock, and leading / trailing edge shift TVPA7P241VM
mode

000707EBA1

@ For a discussion of how the reliability of microcontrollers can be predicted, please refer to Section 1.3 of the chapter entitled
Quality and Reliability Assurance / Handling Precautions.

@ TOSHIBA is continually working to improve the quality and reliability of its products. Nevertheless, semiconductor
devices in general can malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress.
It is the responsibility of the buyer, when utilizing TOSHIBA products, to complfy with the standards of safety in
making a safe design for the entire system, and to avoid situations in which a malfunction or failure of such TOSHIBA
products could cause loss of human life, bodily injury or damage to property.

In developing your designs, please ensure that TOSHIBA products are used within specified operating ranges as set
forth in the most recent TOSHIBA products specifications. Also, please keep in mind the precautions and conditions set
forth in the “Handling Guide for Semiconductor Devices,” or “TOSHIBA Semiconductor Reliability Handbook” etc..

@ The TOSHIBA products listed in this document are intended for usage in general electronics applications (computer,
personal equipment, office equipment, measuring equipment, industrial robotics, domestic appliances, etc.). These
TOSHIBA products are neither intended nor warranted for usage in equipment that requires extraordinarily high
quality and/or reliability or a malfunction or failure of which may cause loss of human life or bodily injury
("Unintended Usage”). Unintended Usage include atomic energy control instruments, airplane or spaceship instruments,
transportation instruments, traffic signal instruments, combustion control instruments, medical instruments, all types of
safety.dkevices, etc.. Unintended Usage of TOSHIBA products listed in this document shall be made at the customer's
own risk.

@ The products described in this document are subject to the foreign exchange and foreign trade laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility
is assumed by TOSHIBA CORPORATION for any infringements of intellectual property or other rights of the third
parties which may result from its use. No license is granted by implication or otherwise under any intellectual
property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA TMPA47C241

@ 8-bit successive approximate type AD converter
(With sample and hold)
e 4analoginputs
e Convertingtime: 48 us (4 MHz)
& High current outputs
LED direct drive capability:typ. 20 mA x 5 bits (Ports P1, P2)
typ. 7 mA x 3 bits (Port R9)
& Hold function
Battery / Capacitor back-up
®Real Time Emulator: BM47214A + BM1152 (SDIP)

6-41-2 2000-10-19



TOSHIBA

TMP47C241

Pin Assignment (Top View)

Block Diagram

Power Supply{ VDD—
VSS

P-SDIP28-400-1.78 / P-SOP28-450-1.27

VAREF — [
R40 (AINO) <> []
R41 (AIN1) =[]
R42 (AIN2) e[
R43 (AIN3) <[]
R71(WTO) <=
R80 (INT2) - []

R81(T2) <[]
R82 (INT1) =[]
P10

P11

P12

P13

VSS

[
[
~—[]
[

— [

0 N O U1 A WN =

1"
12
13
14

N\
28

27
26
25
24
23
22
21
20
19
18
17
16
15

[ 1<— vDD
1 -<— K03
] <— K02
] <— K01
[ 1<— K00

| ] <— RESET

[ 1— XOouT
[]<— XIN

] <— TEST

[ 1> R92 (SCK)
[ 1> R91(SO)
] <> R90 (SI)
[ 1— P20

1 <— HOLD (KEO)

Hold input HOLD
(Sense input) (KEO)
Resetinput  RESET:
Test pin TEST
Osc. XIN
Connecting {( XOUT

pin

>
>
I 1L I 1 i 1L
Accumulator HR | LR Data Memory PC
RAM address buffer (RAM) J,
Ié Program Memory
STACK  |SPW (ROM)
Hold controller ERR | EIF T« | TC2 | DC Data table
Interrupt controller
System controller + —\
Timing Generator ™ Interval Timer 12-bit R
) 4-bit Serial 8-bit
Clock Generator * Timer/ friiitia - AD converter
Counter (2¢h)
Watchdog T~
Timer (_j
~N -
1
o] =]
A Voo~ L ~LL L
R71 (WTO) P20 P13 R82 (INT1) R92 (SCK)  VAREF R43(AIN3) K03
to R81(T2) R91 (SO) to to
1/0 port P1 R80 (INT2) R90 (SI) RA0O(AINO) K00
Watchdog timer \_V_Q
output High current o port IO port . Analog o port Input port
output port T/Cinput Serial out) reference ( logi )
interruptinput voltage  \Analoginput

6-41-3
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TOSHIBA

TMP47C241

Pin Function

Pin Name Input / Output Functions
K03 to KOO Input 4-bit input port
P13 to P10 4-bit output port with latch.
Output
P20 1-bit output port with latch.
R43 (AIN3) 4-bit I/0 port with latch. .
to I/0 (Input) When using as input port, the latch must be | AD converter analog input
R40 (AINO) setto “1”.
1-bit I/0 port with latch.
R71 (WTO) I/0 (Output) When using as input port or watchdog timer | Watchdog timer output
output, the latch must be set to “1”.
Re2(NT .. 3-bit /0 port withlatch. External interrupt Tinput
R81(T2) /0 (Input) When using as input port, external interrupt | Timer/ Counter 2 external input
............................ input pinl or timer / counter external input
R80 (INT2) pin, the latch must be setto “1". External interrupt 2 input
SCK . . ial clock |
RO26CA i owo) .. 3-bit O port with latch. e e
R91 (SO) I/0 (Output) When using as input port or serial port, the | Serial data output
......................................................... latch must be set to “1”. :
R90 (SI) 1/0 (Input) Serial data input
A | nput . Resonator connecting pin.
XOUT Output For inputting external clock, XIN is used and XOUT is opened.
RESET Input Reset signal input
HOLD (KEO) Input (Input) HOLD request / release signal input
TEST Input Test pin for out-going test. Be opened or fixed to low level.
VDD +5V
g power supply 0\/ (GN D) .......................................................... AB comveriar analog retarence
voltage (GND)
VAREF AD converter analog reference voltage

6-41-4
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TOSHIBA TMPA47C241

Operational Description

Conserning the TMP47C241, the hardware configuration and operation are described.
The configuration of basic machine instruction for TMP47C241 is same as TLCS-47 Series.

1.  System Configuration
(1) Internal CPU Function
These as the same as the TMP47C203.

(2) Peripheral Hardware Function

@ 1/0 Ports @ AD converter
@ Interval Timer ® Watchdog Timer
@ Timer/Counters ® Serial Interface

2.  Peripheral Hardware Function

21 Ports
The TMP47C241 has 8 I/0 ports (21 pins) each as follows:
® Ko ;  4-bitinput
@ P1 ;  4-bitoutput
@ P2 ; 1-bitoutput
@ R4 ;  4-bitinput/output (shared by the AD converter analog inputs)
® R7 ; 1-bitinput/output (shared by the watchdog timer output)
® R8 ; 3-bitinput/output shared by external interrupt request input and timer/
counter input)
@ R9 ;  3-bitinput/output (shared by serial port)
KE ;  1-bitsense input (shared by hold request / release signal input)

5 pins (typ. 20 mA) of P1, P2 ports and 3pins (typ. 7 mA) of R9 port are high current output ports which
can directly drive LEDs.

Table 2-3 lists the port address assignments and the I/O instructions that can access the ports.
The 5-bit to 8-bit data conversion instruction [OUTB @HL] is invalid.

(1) Port K0 (KO3 to K00)
Port KO is a 4-bit input-only port. A pull-up or pull-down resistor can be contained by the mask

option.
Port KO (Port address: 1P00) IN/TEST/TESTP
3 2 1 0 , )1
[ ko3 [ ko2 | ko1 | koo ] Data input U [ ] e

Figure 2-1. Port KO

(2) PortsP1(P13to P10)
Ports P1 is 4-bit high current output ports which can directly drive LEDs, with 4-bit latches. When an
input instruction is executed, the latch data is read in these ports. The latch is initialized to “1"
during reset.

PortP1 (Portaddress: OP01/IP01)
3 2 1 0 Data input

P3| P12 P11 | pio |
Data output LATCH . {>—D PIN
Figure 2-2. Ports P1

6-41-5 2000-10-19



TOSHIBA TMPA47C241

(3) PortP2(P20)
Port P2 is 1-bit output port with latch. When used as an input port, the latch must be setto “1”. The
latch is initialized to “1” during reset. P21, P22 and P23pins do not exist actually. But these pins
have the latches.

PortP2 (Port address: OP02/1P02)

3 2 1 0
| P23 | P22 | P21 P20 |
SET/CLR/IN/TEST/TESTP SET/CLR/IN/TEST/TESTP
Input data % Input data %
Outputdata —>{LATCH {>—|:| PIN Outputdata —»{LATCH
(@ P20 (b) P21, P22, P23

Figure 2-3. Port P2

(4) Ports R4 (R43 to R40)
Ports R4 is 4-bit 1/0 ports with latch shared by the analog inputs for AD converter. When used as an
input ports or analog inputs, the latch should be set to “1”. If other port is used as an output, be
careful not to execute the output instruction for any port during AD conversion in order to keep
accuracy of conversion. The latch is initialized to “1” and analog input is selected R40 (AINO) pin
during reset.

Port R4 (Portaddress: OP04/1P04) Analog input selector
3 2 1 0 Analog input
R43 R42 R41 R40 IN/TEST/TESTP
(AIN3) (AIN2) (AIN1) (AINO) Input data

SET/CLR N

Output data LATCH {>——|:| PIN

Figure 2-4. PortR4

6-41-6 2000-10-19



TOSHIBA TMPA47C241

(5) Port R7(R71)
1-bit I/O pin with latch. R71 pin is shared by the watchdog timer output. To use R71 pin for the
watchdog timer output, the latch should be set to “1”. The latch is initialized to “1” during reset.
R70, R72, R73 pins do not exist actually but R70 has the latch. In R72 and R73, “1” is read when an
input instruction is executed.

Port R7 (Portaddress: OP07/I1P07)

........... 32 1 0

R71 R70

: (WTO)
IN/TEST/TESTP
Input data p—— <
SET/CLR/IN/TEST/TESTP
Input data AN
Output data —> _D PIN Output data —>|LATCH
WTO output
(a) R71(WTO) (b) R70

Figure 2-5. PortR7

(6) Port R8(R82 to R80)
3-bit 1/0 port with latch. When used as an input port, the latch must be set to “1”. The latch is
initialized to “1" during reset. R83 pins does not exist actually but R83 has the latch. There is no
timer/counter 1 external input pin (T1) .

Port R8 (Portaddress: OP08/1P08)

3 2 1 0
R83 R82 R81 R80
(INTT) (12) (INT2)
Control input <|I
IN/TEST/ TESTP
SET/CLR SET/CLR/IN/TEST/TESTP

Input data <J Input data <J

Output data LATCH >4 e Output data —>{LATCH

(a) R80, R81, R82 (b) R83

Figure 2-6. PortR8

6-41-7 2000-10-19



TOSHIBA TMPA47C241

(7) PortR9 (R92 to R90)
Port R9 is a 3-bit I/0 port with a latch. When used as an input, the latch must be setto “1”. The latch
isinitialized to “1” during reset.
Port R9 is shared with the serial port. To use port R9 for the serial port, the latch should be setto “1”.
To use port R9 for an ordinary I/O port, the serial interface must be disabled.
Although R93 pin dose not exist actually, the set clear instruction for R93 ([SET % OP09, 3] or [CLR %
OPO09, 3]) should not be execution. However, other instructions can be used, in witch an undefined
value is read upon execution of an input instruction.

PortR9 (Port address: OP09/IP09) Control input <II
IN/TEST/TESTP
......... 3. 2 1 0 /TEST/TES
R92 R91 R90
e €0 6D SET/CLR
Input data —<—
Output data —{LATCH —D
PIN

Control output

Figure 2-7. PortR9

(8) Port KE (KEO)
Port KE is a 1-bit sense input port shared with the hold request/release signal input in (HOLD). This
input port is assigned to the least significant bit of Port address IPOE and is processed as the data with
inverted polarity. For example, if an input instruction is executed with the pin on the high level, “0”

isread.
Example: To wait until KEO pin goes low.
SWAIT : TEST %IPOE,O ; Waits if KEO pin = “H".
B SWAIT

Port KE (Port address: IPOE)

Control input <]
......... 320 ~
(SIOP) : (SEF) : KEO
: : (HOLD) IN/TEST/TESTP
Input data o{} e

Figure 2-8. Port KE

6-41-8 2000-10-19
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TOSHIBA TMPA47C241

2.2 Interval Timer Interrupt (ITMR)
The interval timer can be used to generate an interrupt with a fixed frequency. Internal time interrupt is
control by the command register (OP19). An interval timer interrupt is generated at the first rising edge
of the binary counters output after the command has been set. The interval timer is not cleared by
command, so that the firstinterrupt may occur earlier than the preset interrupt period.

Example: To setthe interval timerinterrupt frequency to fc/212[Hz].
LD A, #0110B ; OP19«0110p
ouT A, %0P19

Interval Timer interrupt command register
(Port address: OP19)

3 2 1 0
| TMRE | TMRE (Initial value: 0000)

TMRE |Interruptdisable/enable |

00: Stop
01: Enable

1*: (Reserved) Note: =; Don’tcare

TMRF | Interrupt frequency |

Example: fc=4.19 MHz

00: fc/2"0[Hz] ........ 4096 [Hz]
01: fc/2"" . 2048
10: fe/2'2 . 1024
1M: fe/2 512

Figure 2-9. Interval Timer Interrupt Command Register

2.3 Timer/Counters (TC1, TC2)
The TMP47C241 contain two 12-bit timer/counters (TC1, TC2). RAM addresses are assigned to the count
register in unit of 4 bits, permitting the initial value setting and counter reading through the RAM
manipulation instruction. When the timer/counter is not used, the mode selection may be set to
“stopped” to use the RAM at the address corresponding to the timer / counter for storing the ordinary
user-processed data.

MSB LSB MSB LSB
Timer/ Counter 1 (TC1) Timer/ Counter 2 (TC2)
TCly | TCly | TCH, TC2H | TC2M | TC2,
RAM address ' ! RAM address ' !
TMP47C241 (764) (754) (744) TMP47C241 (7A4) (794) (784)

Figure 2-10. The Countregisters of the Timer/Counters (TC1, TC2)

2.3.1  Functions of Timer/Counters
The timer / counters provide the following functions:
@ Eventcounter
@ Programmable timer
@ Pulse width measurement

6-41-10 2000-10-19



TOSHIBA TMPA47C241

2.3.

2  Control of Timer/Counters
The timer / counters are controlled by the command registers. The command register is accessed as port
address OP1C for TC1 and port address OP1D for TC2. These registers are initialized to "0” during reset.

Timer/ Counter 1 control command register Timer/ Counter 2 control command register
(Port address: OP1C) (Initial value: 0000) (Port address: OP1D) (Initial value: 0000)
3 2 1 0 3 2 1 0

| TCIMS | IPRT | TC2MS | IPR2

TC1IMS | Mode selection | TC2MS | Mode selection |

00: Stop 00: Stop

01: Invalid code 01: Event counter mode

10: Timer mode 10: Timer mode

11: Invalid code 11: Pulse width measurement mode

IPR1 Internal pulse rate (interval timer output) selection | IPR2 | Internal pulse rate (interval timer output) selection
Example: At fc=4.19 MHz Example: At fc=4.19 MHz

00: fc/210[Hz] ......... 4096 [Hz] 00: f¢/210[Hz] ......... 4096 [Hz]

01: fe/214 ... 256 01: fg214 ... 256

10: fe/218 Ll 16 10: fg218 oL 16

1M: f¢/222 L. 1 1: fe/222 L 1

(a) TC1 (b) TC2

Note: fc; Basic clock frequency [Hz]

Figure 2-11. Timer/Counter Control Command Registers

The timer/counter increments at the rising edge of each count pulse. Counting starts with the first rising
edge of the count pulse generated after the command has been set. Count operation is performed in
one instruction cycle after the current instruction execution, during which the execution of a next
instruction and the acceptance of an interrupt are delayed. If counting is requested by both TC1 and TC2
simultaneously, the request by TC1 is preferred. The request by TC2 is accepted in the next instruction
cycle. Therefore, during count operation, the apparent instruction execution speed drops as counting
occurs more frequently.

The timer / counter causes an interrupt upon occurrence of an overflow (a transition of the count value
from FFFy to 000y). If the timer/ counter is in the interrupt enabled state and the overflow interrupt is
accepted immediately after its occurrence, the interrupt is processed in the sequence shown in Figure 2-
12. Note that counting continues if there is a count request after overflow occurrence.

Instruction cycle

1 I 1 1 1 I 1 1
Count pulse 4\I_I l
Count request
Detection of overflow 1

Occurence of IOVF \L| l

>|< > I --->] =< .
Execution of Count Executionof Interruptacceptance Execution of
instruction cycle instruction processing instruction

Figure 2-12. Timer/Counter Overflow Interrupt Timing
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(1) Eventcounter mode
In the event counter mode, the timer / counter increments at each rising edge of the external pin (T1,
T2) input. T1and T2 pins are also used as the R83 and R81 pins.
To use these pins as the T/C input, set the output latch of R83 and R83 and R81to “1”.
At reset, the output latch is initialized to “1”. The maximum applied frequency of the external pin
input is fc/32 for the 1-channel operation; for the 2-channel operation, the frequency is fc/32 for TC1
and fc/40 for TC2. The apparent instruction execution speed drops most to (9/11) x 100 =82% when
TC1 and TC2 are operated at the maximum applied frequency because the count operation is
inserted once every 4 instruction cycles for TC1 and every 5 cycles for TC2. For example, the
instruction execution speed of 2 us drops to 3.64 us.

Example: To operate TC2 in the event counter mode
LD A, #0100B ; OP1D<«01**p
ouT A, %0P1D

External input (T1, T2 pin) l I I I
i

(

Count register n X n+1 X n+:2 X n+3

Figure 2-13. Event Counter Mode Timing chart

(2) Timer mode
In the timer mode, the timer/counter increments at the rising edge of the internal pulse generated
from the interval timer. One of 4 internal pulse rates can be selected by the command register. The
selected rate can be initially set to the timer/counter to generate an overflow interrupt in order to
create a desired time interval.
When an internal pulse rate of fc/210 is used, a count operation is inserted once every 128 instruction
cycles, so that the apparent instruction execution speed drops by (1/127) x 100 =0.8 %. For example,
the instruction execution speed of 2 s drops to 2.016 us.
In the timer mode, R83 (T 1) and R81 (T2) pins provide the ordinary I/O ports.

Internal pulse _I—\_I—‘_I—\_

Count register n X n+1 X n+2 X n+3

Figure 2-14. Timer Mode Timing chart

Example: To generate an overflow interrupt (at fc =4 MHz) by the TC1 after 100 ms.

LD HL, #0F4H ; TC1<E79H (setting of the count register)
ST #9, G@HL+

ST #7, G@HL+

ST #0EH, G@HL+

LD A, #1000B ; OP1C<«1000g

ouT A, %0P1C

LD A, #0100B ;  EIR<-0100g (enables interrupt)

XCH A, EIR

EICLR IL, 110111B ; EIF<1, IL3<«0
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* Calculating the preset value of the counter register
The preset value of the count register is obtained from the following relation:
2'2 - (interrupt setting time) x (internal pulse rate)
For example, to generate an overflow interrupt after 100 ms at fc =4 MHz with the internal pulse
rate of f¢/2'9, set the following value to the count register as the preset value:
22— (100 x 1073) x (4% 106/2'9) = 3705 = E79y4

*  The apparent execution rate is caleulated as following.

(Fundamental clock frequency) /8

1+ -1} x 100 [%
{ (Internal pulse rate) ¥ [%]
Table 2-2. Internal Pulse Rate Selection
Example: At fc=4.194304 MHz
Internal pulse rate Max. setting time
Internal pulse rate Max. setting time
fc/210 [Hz] 222/fc  [s] 4096 [Hz] 1 sl
fc/214 226/f¢ 256 16
fc/218 230/f¢ 16 256
fc/222 234/fc 1 4096

(3) Pulse width measurement mode
In the pulse width measurement mode, the timer / counter increments with the pulse obtained by
sampling the external pin (T1, T2) by the internal pulse. Asshown in Figure 2-15, the timer / counter
increments only while the external pin input is high. The maximum applied frequency to the
external pin input must be one that is enough for analyzing the count value. Normally, a frequency
sufficient slower than the internal pulse rate setting is applied to the external pin.

External input I
(T2 pin) —l
i
]
1
1
]

1
1
1
Internal pulse I I i I I I I I I I
I

Count register n X n+1 X n+2 X n+3 X n+4

Figure 2-15. Pulse Width Measurement Mode Timing chart
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2.4 AD Converter
The TMP47C241 has a 8-bit successive approximate type AD converter and is capable of processing 4
analog inputs.

2.4.1 Circuit configuration

vARer [ ] Ladder Resistor
VSS D Tap Decoder
AINO D_ Reference Voltage
]
i Analog Compa™
Sample rator
i Input & Hold Successive Approximate Circuit
i Multiplexer
1
AIN3 D— {}
Control Circuit IPOD

| AD Converted value Register |
1 1 1 1 1 1 1

7 6 5 4 3 2 1 0

OP12 OP13 IPOC
.04 - S RN SN Lot
| Analog Input Selector H | s ADS EOQCF . J i
3 2 1 0 37277 o 3 PR

Figure 2-16. Block Diagram of AD Converter

2.4.2 Control of AD converter
The operation of AD converter is controlled by a command register (OP12, OP13, IPOC, IPOD).

(1) Analoginputselector (OP12)
Analog inputs (AINO through AIN3) are selected by values of this register.

Analog input select command register
(Port address: OP12)

3 2 1 0
| SAIN (Initial value: 0000 )

SAIN | Analog input selection

0000: R40(AINO)
0001: R41(AINT)
0010: R42(AIN2)
0011: R43(AIN3)

01+ +: Analoginputis not selected.

1% = =1 Analog input is not selected. Note: *; Don’tcare

Figure 2-17. Analog input selector
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(2) Start of AD conversion (OP13)

AD conversion is started when ADS is set to “1” . After the conversion is started, ADS is cleared by
hardware. If ADS issetto “1” during the AD conversion, the conversion is started again at the time.
Analog input voltage is hold by the sample hold circuit.

AD conversion start command register
(Port address: OP13)

ADS (Initial value: 0000 )

ADS [ AD conversion enable |

1: AD conversion is started (clears after starting)

Figure 2-18. AD conversion start register

(3) AD converter and register (IP0C)

End of conversion flag (EOCF) is a single bit flag showing the end of conversion and is set to “1”

when conversion ended. When both upper 4 bits and lower 4 bits of a converted value are read or
AD conversion is started, EOCF is cleared to “0”.

AD converter status register
(Port address:  1POC)

EOCF | End of conversion flag

0: Under AD conversion or before AD conversion
1: End of AD conversion

Figure 2-19. AD converter status register

(4) AD converted value register (IPOD)

An AD converted value is read by accessing port address IPOD. An AD converted value is read by
splitting into upper 4 bits and lower 4 bits by a value of LRg (LSB of the L-registers).

AD converted value register
(Port address:  IPOD)

3 2 1 0
| D3 | D2 | D1 | DO |
[ o7 | o6 | o5 | o4 |

D7 to DO | Reading of an AD converted value |

When LRg =0, lower 4 bits of the converted value is read.
When LRg = 1, upper 4 bits of the converted value is read.

Figure 2-20. AD converted value register
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243

How to use AD converter

Apply positive of analog reference voltage to the VAREF pin and negative to the VSS pin. The AD
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 (IrgF) is typically 500 «A at VAREF =5 V.

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 AD conversion

Prior to conversion, select one of the analog input AINO through AIN3 by the analog input selector.
Place output of the analog input, which is to be AD converted, in the high impedance state by
setting "1”. If other port is used as an output, be careful not to execute the output instruction for
any port during conversion in order to keep accuracy of conversion.

AD conversion is started by setting ADS (bit 1 of the AD conversion start register). When conversion
ends after 24 instruction cycles, EOCF showing the end of conversion issetto “1”.

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

Note: The sample and hold circuit has capacitor (Ca = 12 pF typ.) with resistor (Ra =5 kQ typ.). See l/O

circuitry table. This capacitor should be charged or discharged within 2 instruction cycles.

(2) Reading of an AD converted value

After the end of conversion, read an AD converted value is read by splitting into lower 4 bits and
upper 4 bits by the AD converted value register (IPOD).

Lower 4 bits of the AD converted value can be read when LRg = 0 and upper 4 bits when LRg = 1.
Usually an AD converted value is stored in RAM by an instruction [IN %p, @HL]. Further, if an AD
converted value is read during the conversion, it becomes an indefinite value.

(3) AD conversion with HOLD operation

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

Example: Selecting analog input (AIN3), starting AD conversion, monitoring EOCF and storing
lower 4 bits and upper 4 bits of a converted value to RAM [104] and RAM [114]
respectively.

LD A, #3 ;  Selects analog input (AIN3)
ouT A, %0P12
LD A, #1 s Start of AD conversion
ouT A, %0P13
SLOOP : TEST %IPOC, 3 ;  Towait until EOCFgoesto “1"
B SLOOP
LD HL, #10H s HL< 104
IN %IPOD, @HL ;  RAM [104] « Lower 4 bits
INC L ; Increment of L registers
IN %IPOD, GHL ; RAM[114] « Upper 4 bits
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2.5 Watchdog Timer (WDT)
The purpose of the watchdog timer is to detect the malfunction (ranaway) of program due to external
noise or other causes and return the operation to the normal condition.
The watchdog timer output is output to R71 must be setto “1”. Further, during reset, the output latch of
R71issetto “1”, and the watchdog timer becomes disable state.
The initialization at time of runaway will become possible when the WTO pin and RESET pin are
connected each other.

2.5.1 Configuration of Watchdog Timer
The watchdog timer consists of 3-stage binary counter, flip-flop (F/F), and its control circuit. The F/Fis set
to “1” during reset, and cleared to “0” at the rising edge of the binary counter output.

B Binary Counter CPU reset

214/f¢ i

- 5] 1
112]3 F/E i External Circuit

216/f¢ S Q i

TG < H

218/fc Selector Clear Request R :

—_—_ ! N
| ircui ._R71(WTO)

221/ Control Circuit

e

~
Interval Timer OP15 ﬁ F opo7 _
| Command Register | i R7 Output Latch
1 1 1 A | -

3 2 1 0 3 2 1 0

Simplified

I power-on-reset

Figure 2-21. Watchdog Timer

2.5.2 Control of watchdog timer
The watchdog timer is controlled by the command register (OP15). This command register is initialized to
“0000g" during reset. The following are procedure to detect the malfunction (runaway) of CPU by the
watchdog timer.

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

@ The watchdog timer should be become enable.

@ Binary counter must be cleared before the detection time of the watchdog timer. When the
runaway of CPU is taken place 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 outputis “L").
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Watchdog Timer control command register (Port address: OP15) (Initial value: 0000)
3 2 1 0
T
I RWT I EWT | TWT

RWT | Clears binary counter |

0: Clears binary counter (After clear, automatically “1” is set)

EWT |Enable/DisabIe |

0: Disable
1: Enable

TWT | Setting of watchdog timer detection time

Example: AtfC=4.19 MHz

00: 217/fc[s] .......... 31.25[ms]
01: 2'9/fc .............. 125
110: 2216 500 Note: fc; Basicclock frequency [Hz]

Figure 2-22. Command Register

Example: To setthe watchdog detection time (221/fc[s]). And to enable the watchdog timer.

LD A, #0010B ; OP15 « 0010p
(Sets WDT detection time. Clears binary counter)
out A, %0P15
LD A, #0110B ; OP15 « 01105 (Enables WDT)
out A, %0P15
Within WDT
detection time .
LD A, #0110B ; OP15 « 0110 (Clearsbinary counter)

out A, %0P15

Note: It is not necessary to set RWT to “1”. Note that both EWT (Enable Watchdog Timer)
and RWT should not be set to “1” at the same time.
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2.6 Serial Interface (SI10)
The TMP47C200B/400B have a serial interface with a 4-bit buffer. The serial interface is connected to the
external device via 3 pins (the serial port): R92 (SCK), R91 (S0O), and R90 (SI). The serial port is shared by
port R9. For the serial port, the output latch of port R9 must be set to “1”. In the transmit mode, R90 pin
provides the I/0 port; in the receive mode, R91 pin provides the I/0 port.

2.6.1 Configuration of Serial Interface

3 2 _1___,__0___| 3 . 2 i ! i 0 3 i 2 i ! . 0 Transmit mode: OPOF
_________ j | Command register | | Serial buffer | Reseive mode: | POF

T T | POE U oPIF O i
1
1
L Serial data
,| IShiftrcl-:gisten: I_’I:ISO output
I

3 2 1 0

1
|
Serial data
Sl
J' [:l input

1

Serial clock tl TR Serial clock
1
1

Controller

Interrupt request
(Buffer full or Buffer empty)

o]
Figure 2-23. Configuration of Serial Interface

2.6.2 Control of Serial Interface
The serial interface is controlled by the command register 1.2 (OP1F) and the staus register (IPOE).

Serial Interface control command register (Port address: OP1F)

3 2 1 0
| ESIO | RM LM ECKM | (Initial value: 0000)

ESIO |Instructsserialtransferstart/terminate |

0: Serial transfer terminate

1: Serial transfer start

RM |Selectstransfermode |

0: Transmit mode

1: Receive mode

LM | Selects shift edge |

0: Shift at the trailing edge of serial clock
1: Shift at the leading edge of serial clock

Note 1: fc: High-frequency clock [Hz]
ECKM | Selects serial clock | Note 2: When setting the transfer mode, ESIO must be "0”.
When Transmit mode, LM must be “1”.

0: Internal clock (output to SCK pin)

1: External clock (input from SCK pin)

Figure 2-24. Serial Interface Control Command Register
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Serial Interface status register (Port address: IPOE)
3 2 1 0
[ sor | ser (M) | (How) |

SIOF |Monitorsserialtransferoperation state |

0: Transferisterminated

1: Transferisin progress

SEF | Monitors shift operation state |

0: Shift operation is terminated

1: Shift operation isin progress

Figure 2-25. Serial Interface Status Register
2.6.3 Serial Clock

For the serial clock, one of the following can be selected according to the contents of the command
register:

(1) Clock source selection

a. Internal clock
fc/27 [Hz] is used for the serial clock (at fc =4.194304 MHz, the serial clock frequency is 32.768
kHz). The serial clock is output on the SCK pin. Note that at the start of transfer, the SCK pin
output goes high. This serial interface provides the wait function in which the shift is not
occurred until these processings are completed.
The highest transfer rate based on the internal clock is 31250 bits/second (at fc = 4 MHz).

b. External clock
The signal obtained by the clock supplied to the SCK pin from the outside is used for the
serial clock. In this case, the output latch of R92 (SCK) must be set to “1” beforehand. For the
shift operation to be performed correctly, each of the clock’s high and low levels needs two
instructions or more to be completed.

(2) shift edge selection
a. Leading edge
Data is shifted at the leading edge (the falling edge of SCK pin input) of the serial clock.
b. Trailing edge
Data is shifted at the trailing edge (the rising edge of SCK pin input) of the serial clock.
However, in the transmit mode, the trailing edge shift is not supported.

2.6.4 Transfer Modes

Selection between the transmit mode and the receive mode is performed by RM (bit 2 of the command
register).

(1) Transmit mode

The transmit mode is set to the command register then the first transmit data (4 bits) is written
to the buffer register OPOF (if the transmit mode is not set, the data is not written to the buffer
register). Then, setting ESIO to “1" starts transmission. The transmit data is output to the SO pin
synchronization with the serial clock from the LSB side sequentially. When the LSB is output, the
transmit data is moved from the buffer register to the shift register. When the buffer register
becomes empty, the buffer empty interrupt (I1SIO) to request for the next transmit data is
generated. When the interrupt service program writes the transmit data to the buffer register,
the interrupt request is reset.
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Serial buffer

In the operation based on the internal clock, if no more data is set after the transmission of the
4-bit data, the serial clock is stopped and the wait state sets in.

In the operation based on the external clock, the data must be set in the buffer register by the
time the next data shift operation starts. Therefore, the transfer rate is determined by the
maximum delay time between the occurrence of the interrupt request and the writing of data to
the buffer register by the interrupt service program.

To end transmission, ESIO is cleared to “0” instead of writing the next transmit data by the
buffer empty interrupt service program. When ESIO is cleared, transmission stops upon
termination of the currently shifted-out data. The transmission end can be known by the SIOF
state (SIOF goes “0” upon transmission end). In the operation based on the external clock, ESIO
must be cleared to “0” before the next data is shifted out. If ESIO is not cleared before, the
transmission stops upon transmitting the next data (dummy).

[(( {
)T 1

ESIO e
{C {(

SIOF " ) /
TSN e B S E— "

et inin iy ipe ey Eulnigl “/
SR — o G ) D D G G o AV

2 \
ISI0 » N |l I
Serial buffer - S — ’)')
(OPOF) e (C_/\ d ‘¢
) )]

(a) Internal-clock-based operation with wait

I Clear ESIO [
. .
ESIO . Il
SIOF / 71\
SEF o LI 1 )
SCK /[ T
S0 po X b1 X b2 X b3 X poX 01 X op X of3/

ISIO AI\ILI\/ N

(OPOF) D _X D’

(b) External-clock-based operation

Figure 2-26. Transmit Mode
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Example 1:  To transmit data stored in the RAM (its address is specified by the HL register pair)
in synchronization with the internal clock.
LD A, #0010B ; OP1F«<0010g (Sets the transmit mode of
internal-clock-based operation)

ouT A, %OP1F

ouT @HL, %OPOF ; OPOF<RAM [HL] (Writes the first transmit data)
LD A, #1010B ; ESIO<«1 (Instructs transmission start)

ouT A, %OP1F

Example 2: To end transmission (internal-clock-based operation)

LD A, #0010B ; ESIO<0 (Instructs transmission end)
ouT A, %OP1F

SENDC: TESTP %IPOE, 3 ; Waits until SIOF = “0"
B SENDC

(2) Receive mode

Data can be received when ESIO is set to after setting the receive mode to the command
register. The data is put from the Sl pin to the shift register in synchronization with the serial
clock. Then the 4-bit data is transferred from the shift register to the buffer register (IPOF), upon
which the buffer full interrupt (ISIO) to request for reading received data is generated. The
received data is read from the buffer register by the interrupt service program. When the data
has been read, the interrupt request is reset and the next data is put in the shift register to be
transferred to the buffer register.
In the operation based on the internal clock, if the previous received data has not been read
from the buffer register at the end of capturing the next data, the serial clock is stopped and the
wait operation is performed until the data has been read.
In the operation based on the external clock, the shift operation is performed in synchronization
with the externally-supplied clock, so that the data must be read from the buffer register before
the next receive data is transferred to it. The maximum transfer rate in the external-clock-based
operation is determined by the maximum delay time between the generation of interrupt
request and the reading of received data.
In the receive mode, the shift operation may be performed at either the leading edge or the
trailing edge. In the leading edge shift operation, data is captured at the leading edge of the
serial clock, so that the first shift data must be put in the SI pin before the first serial clock is
applied at the start of transfer.
Note: If the transfer modes are changed, the contents of the buffer register are lost.

Therefore, the modes should not be changed until the last received data is read even after

the end of reception is instructed (by clearinf ESIO to “0”).

111 "

Example: To instruct the receive start operation with the internal clock and leading edge shift
(with the interrupt enable register already set).

LD A,#0110B ; OP1F<0110g (Setsthe receive mode)
out A,%0P1F

EI ;  EIF<1 (Enablesinterrupt)

LD A, #1110B ; ESIO<«1 (Instructs receive start)

ouTt A,%0P1F

To end the receive operation, ESIO should be cleared to "0”. When ESIO is cleared, the completion
of the transfer of the current 4-bit data to the buffer register terminates the receive operation. To
confirm the end of the receive operation by program, SIOF should be sensed. SIOF goes “0” at the
end of receive operation.
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Note: If the receive and transmit modes are switched, the contents of the buffer register are lost.
Therefore, the modes should not be switched until the last receive data is read even after the
end of reception is instructed (by clearing ESIO to "0”).

The receive operation can be terminated in one of the following approaches determined by the
transfer rate:

a. When the transfer rate is sufficiently low (the external-clock-based operation):
If ESIO can be cleared to “"0” before the next serial clock is applied upon occurrence of buffer
full interrupt in the external-clock-based operation, ESIO is cleared to “0” by the interrupt
service program, then the last receive data is read.

Example: To instruct the receive end with sufficient low transfer rate (the reading edge shift).

LD A,#0111B ; ESIO<«0 (Instructs receive end)
ouT A,%0P1F
IN %IPOF,A ; AcceIPOF (Reads received data)

b. When the transfer rate is sufficiently high (the internal/external clock-based operation):

If the transfer rate is high and, therefore, it is possible that the capture of the next data starts
before ESIO is cleared to “0” upon acceptance of an interrupt, ESIO must be cleared to “0” by
confirming that SEF (bit 2 of the status register) is set at reading the data proceeding the last
data. Then, the data is read.

In the interrupt servicing following the reception of the last data, no operation is needed for
termination; only the reading of the received data is performed. This method is generally
employed for the internal-clock-based operations. For an external-clock-based operation,
ESIO must be cleared and the receive data must be read before the last data is transferred to
the buffer register.

Example: To instruct receive end when the transfer rate is high (the internal clock, reading edge

shift).
SSEFO:  TEST %IPOE, 2 ; Waits until SEF="1"
B SSEFO
LD A, #0110B ; ESIO<0 (Instructs receive end)
ouT A, %OP1F
IN %IPOF, A ; AcceIPOF (Reads received data)

¢. One-word reception
When receiving only one word, ESIO is set to then it is returned to "0” after confirming
that SEF (bit 2 of the status register) has gone “1”. In this case, buffer full interrupt is caused
only once, so that the received data is read by the interrupt service program.

"1 "

Example: To instruction the start/end of one-word reception (the internal clock, the leading

edge shift).
LD A, #0110B ;  OP1F<0110g (Sets in the receive mode)
ouT A, %OP1F
El ;  EIF&<1 (Enablesinterrupt)
LD A, #1110B ; ESIO<«1 (Instructs receive start)
ouT A, %OP1F
SSEFQ:  TEST %IPQE, 2 ;. Confirmsthat SEF="1"
B SSEFO
LD A, #0110B ; ESIO<0 (Instructs receive end)

ouT A, %OP1F
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(b) External-clock-based operation, reading-edge shift (when transfer rate is low)
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(C) Internal-clock-based operation, reading-edge shift (when transfer rate is high)

Figure 2-27. Receive Mode
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Port Condition by RESET Operation
The transition of Port condition by RESET operation is shown as below.

VDD . (4

"
Supply voltage / :

: t(RESET) :
—_— i («

. g 7_VIH2 Y [~ VIH2
RESET (input) : ; : ViL2 i

(¢

Internal

: )]
oscillatin Starts X Stable oscillation
conditiong E<>SC|IIat|on ; _ (

N

(C : H
: ) - :
Lnatredr\r’\vzzlre Unsettled Xnitialization E_.GSH?{gi{’perzgfgﬁn&ggu%ﬂ,ﬁhe X Initialization -

4

Operation of : § 5 (« E 5

microcomputer H fReset v . Y /Reset v .
; operation  Program execution operation A Program execution
u "

Sontput pory TN 3\ Determines depentiing on th "\ Determines depending on th

utput po : ializati etermines depending on the e etermines depending on the

and 1/0 port ~ Unsettled -le’uahzatmrn result of program execution thlahzatu‘)n result of program execution
- : ¢ g

[ —~—o— ~—a—

~— Condition' of port by Power on reset Condition of port at resetting during —— >
power supply is stable

Figure 2-28. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

Note 2: VIL2: Stands forlow level input voltage of RESET pin.
VIH2: Stands for high level input voltage of RESET pin.

Note 3: The condition of each port is unstable until the reset operation is started (D in the above
Figure). Thus, when using port as an output pin, in the term of ®, to prevent the malfunction
of external application circuit, insert the circuit outside of microcomputer between the output
pin of Port and input pin of external application circuit.

Note 4: The term starting from reset operation to the program which accesses port is executed (2, @ in
the above Figure), the condition of port becomes on the status of initialization by Reset
operation. The initial condition of port differs from I/O circuit by each port, refer to the section
of “INPUT/OUTPUT CIRCUITRY”. Thus, when using Port as an output pin, in the term of the
above @ and Q), the voltage level on the signal that connects with the output pin of Port to the
input pin of external application circuit should be determined by the external circuitry such as
pull-up resistor and/or pull-down resistor.
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TOSHIBA TMPA47C241

Input / Output Circuitry
The input/output circuitries of the TMP47C241 (code SA-SC or SG) are shown as below.

(1) Control pins
The input/ output circuitries of the TMP47C241 control pins except XIN and XOUT pins are similar to
that of the TMP47C200B.

Pins 110 Circuitry and Code Remarks

SA, SB, SC SG

enable—»tDo_ enabl Resonator

connecting pins
AM AM
XIN Input [ Re R =1kQ (typ.)

L Rf
RZ =R R R
XOUT Qutut > Cramicor 0 o R¢ =1.5MQ (typ.)
Crystal RC Ro =2kQ (typ.)

XIN XOUT XIN XOouT

(2) 1/0 Ports

Port 110 Input/ Output Circuitry and Code Remarks

SA, SG SB SC
vDD Pull-up/Pull-down

R resistor
0 | mput | —<w] "

npu Ry Rin = 70k (typ.)
R R =1kQ (typ.)

Sink open drain
output

P1 —>o— Initial “Hi-z"

Output
P2
High current
lo. = 20 mA (typ.)

VDD T

Sink open drain
1
i< EI output

>o I Initial “Hi-z2"

AIN selector R R = 1kQ (typ.)

Ca J_ Ra Analog input
1 Ra =5k (typ.)
~ Ca = 12 pF (typ.)

R4 I/0

Sink open drain
4[>0—| output
R7 110 R Initial “Hi-z"

! _

< R = 1kQ (typ.)

Sink open drain
output
—[>o—| Initial “Hi-2"

R .
8 110 R High current (R9)

R9 @ IOL = 7mA (typ)
Hysteresis input
R = 1kQ (typ.)
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TOSHIBA TMPA47C241

Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t07 Y
Input Voltage Vin -0.3toVpp+0.3 \'
Vout1 | Except sink open drain pin -0.3toVpp+0.3
Output Voltage Vout2 [PortsP1, P2, R7toR9 -0.3t0 10 Vv
Vouts [Analoginputs -0.3toVpp+0.3
louTt Ports P1, P2 30
Output Current (Per 1 pin) loyt2 | PortR9 15 mA
louts |PortsR4, R7, R8 3.2
Output Current (Total) 3 louT1 Ports P1, P2, R9 120 mA
Power Dissipation [Topr=70°C] PD 300 mwW
Soldering Temperature (time) Tsld 260(105s) °C
Storage Temperature Tstg -55to0 125 °C
Operating Temperature Topr -30t0 70 °C

Note: The absolute maximum ratings are rated values which must not be exceeded during operation, even for an instant.
Any one of the ratings must not be exceeded. If any absolute maximum rating is exceeded, a device may break down
or its performance may be degraded, causing it to catch fire or explode resulting in injury to the user. Thus, when
designing products which include this device, ensure that no absolute maximum rating value will ever be exceeded.

Recommended Operating Conditions| (Vss=0V, Topr= —30to 70°C)
Parameter Symbol Pins Conditions Min Max Unit
fc=6.0 MHz 45
Supply Voltage Vpp fc=4.2 MHz 2.7 6.0 Y
In the HOLD mode 2.0
ViH1 Except Hysteresis Input In the normal Vpp % 0.7
Input High Voltage Viu2 Hysteresis Input operating area Vppx0.75 Vpp Y
ViH3 Inthe HOLD mode Vppx0.9
Vi1 Except Hysteresis Input In the normal Vpp % 0.3
Input Low Voltage Vi Hysteresis Input operating area 0 Vpp % 0.25 Y
Vi3 In the HOLD mode Vpp x 0.1
Vpp=4.5V106.0V 6.0
Clock Frequency fc Vpp=2.7Vto6.0V 0.4 4.2 MHz
In the RC oscillation 2.5

Note: The recommended operating conditions for a device are operating conditions under which it can be guaranteed that
the device will operate as specified. If the device is used under operating conditions other than the recommended
operating conditions (supply voltage, operating temperature range, specified AC/DC values etc.), malfunction may
occur. Thus, when designing products which include this device, ensure that the recommended operating conditions
for the device are always adhered to.
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TOSHIBA TMP47C241
DC Characteristics (Vss=0V, Topr= -30to 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max [ Unit
Hysteresis Voltage Vus | Hysteresis Input — 0.7 - v
Port KO, TEST,
| - Vpp=5.5V,
N | RESET, HOLD °P S A RO B
Input Current Vin=5.5V/0V = H
lin2 Ports R (open drain)
Ring Port KO with pull-up/pull-down 30 70 | 150
Input Resistance kQ
Rin2 RESET 100 | 220 | 450
Output Leakage Current Lo Ports R, P (opendrain) Vpp=5.5V, Voyr=55V| — — 2 HA
Output Low Voltage VoLz | Except XOUT, ports P Vpp=4.5V, lopp=1.6mA| — — 0.4 \Y
IOL1 Ports P1, P2 — 20 _
Low Output Current Vpp=4.5V, Vo =10V mA
loL2 Port R9 — 7 —
Vpp=5.5V, fc=4 MHz — 2 4
Supply Current
= = — mA
(in the Normal mode) oo Vop=3.0V, fc=4 MHz ! 2
Vpp=3.0V, fc=400kHz| — 0.5 1
Supply Current _
(in the HOLD mode) oor Vop=5.5V - 0.5 10 HA

Note 1: Typ. values show those at Topr =25°C, Vpp =5 V.
Note 2: Input Current I;y; ; The current through resistor is not included, when the input resistor (pull-up/pull-down) is
contained.
Note 3: Supply Current Ipp, Ippy ; Vin=5.3V/0.2V(Vpp=5.5V),2.8V/0.2V(Vpp=3.0V)

AD Conversion Characteristics

(Topr= -30to 70°C)

Parameter Symbol Conditions Min Typ. Max | Unit
Analog Reference Voltage V AREF Vpp-1.5 - Vbpp Y
Analog Reference Voltage Range AVpagrer | Varer - Vss 2.7 — - \Y
Analog Input Voltage VAIN VSS - VAREF \Y
Analog Supply current IREF - 0.5 1.0 mA
Nonlinearity Error — — 1
Vpp=5.0V, Vss=0.0V
Zero Point Error — — +1
VaRer = 5.000 V LSB
Full Scale Error — _ +1
Vass =0.000V
Total Error — — 2
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TOSHIBA TMP47C241
AC Characteristics (Vss =0V, Topr= -301to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit
Vpp=4.5t06.0V 1.3
Instruction Cycle Time tey — 20 “s
Vpp=2.7t06.0V 1.9
High level Clock pulse Width tweH
External clock mode 80 - - ns
Low level Clock pulse Width twel
AD Sampling Time tan — 4 — s
Shift Data Hold Time ton 0.5t -0.3 - - s
Note: Shift Data Hold Time . . .
o . . Serial port (completion of transmission)
External circuit for SCK pin and SO pin
vDD
3 1.5V
10kQ
tspu

;; 50 pF

SO X

X X ;[1.5v

Recommended Oscillating Conditions

(Vss=0V, Vpp=2.7t06.0V, Topr= -30to 70°C)

(1) 6MHz XIN XOUT
Ceramic Resonator 6 '\éerz
CSA6.00MG (MURATA) CxiNn =Cxout =30 pF 4 MHz
KBR-6. 00MS (KYOCERA) Cxin =CxouTt =30 pF
Cxin Cxout
(2) 4MHz /J; /J;
Ceramic Resonator
CSA4.00MG (MURATA) CxiN =CxouT =30 pF XIN XOuT
KBR-4. 00MS (KYOCERA) CxiN =CxouTt =30 pF
FCR4.0M5 (TDK) CxiNn =CxouT=33 pF 200 kHz RxouT
Crystal Oscillator
204B-6F 4. 0000 (TOYOCOM) Cxin = CxouT = 20 pF CxiN Cxout
(3) 400kHz 73; /J;
Ceramic Resonator XIN XOUT
CSB400B (MURATA) CxiN = CxouTt =220 pF, Rxout =6.8 kQ
KBR-400B (KYOCERA) Cxin = CxouT = 100 pF, RxouTt = 10 kO
(4) RC Oscillation (Vss =0V, Vpp=5.0V, Topr =25°C)

2 MHz (typ.)
400 kHz (typ.)

Cxin=33pF, Rx=10kQ
Cxin = 100 pF, Rx =26 kQ

Cxin /;7|_ Rx
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TOSHIBA

TMP47C241

Typical Characteristics

R-Ta KO port R-Ta RESET pin
k) | vpp=5.5V k) fyyp=55v
100 // 400
Ve = 300 =
//
50 200 ]
-]
100
0 Ta 0 Ta
-40 0 40 80 (°0Q) -40 0 40 80 (°Q)
| loL-VoL R4, R7,R8port | loL- VoL R9 port | loL- VoL P1, P2 port
oL oL oL
(mA)] Ta=25°C (mA)| Ta=25C (mA)| Ta = 25°C
8 4 Vpp=4.5V 16 \ 45 V 40 V 45V
pp = - DD = 4- pp=*4-
/ » / /
4 / 7 8 /] 20 p.
/ / Vpp=2.7V // Voo =2.7 V1 / VEDZJ-V
0 VoL 0 VoL 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
| Ipp - Vpbp | Ipp -fc fe Operating area
DD DD
(mA)| Ta = 25°C (mA)| Ta=25°C (MH2)| 15 = — 3010 70°C
2.0 2.0 8 |
Crystal or Ceramic
1.5 1.5 6 /
// v ,/
1.0 / 1.0 7 4
fc=4 MHz '/
P iy
0.5 i 0.5 2
——"Te=1.00kHz RC
- Vop=3V
0 S Vbp 0 s fc 0 I — Voo
2 4 6 (V) 0.1 0.4 1 4 10 (MHz) 2 4 6 V)
fc - Ry (RCOSC.) ; fc-Vpp (RCOSC.)
X C
(k@) |Vop=3V (MHz) | Cxin =33 pF
Ta=25°C Ta=25°C
80 4
60 \ ] Rx=10kQ
1
N \Cx n=33pF 0.4 ,’
20 N Rx =50 k2
N N
Cyn =100 pF| [N
0 1 1111 fc 0.1 Vbbp
0.1 0.4 1 4 10 (MHz) 2 4 6 V)
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