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TOSHIBA TMP47C241

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 OTP
IvpazC2aiN [ e ok | iaexani  |F-SDIP28-400-1.78 | TMPA7P241VN,
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: 2.7V (at 4.2 MHz)
€90 basicinstructions

P-SDIP28-400-1.78

eTable look-up instructions /”ﬁ;“
#Subroutine nesting: 15 levels max =4 /@Wﬂ
6 interrupt sources (External: 2, Internal: 4) RN [’W
All sources have independent latches each, and multiple
interrupt control is available TMP47C241N
@1/0 port (21 pins) TMP47P241VN
e Input 2 ports 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
&Interval timer
®Watchdog Timer
#Serial Interface with 4-bit buffer

: . - . TMP47C241M
External / internal clock, and leading / trailing edge shift TMP47P241VM
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 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..

@ 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 TMP47C241

@ 8-bit successive approximate type AD converter
(With sample and hold)
e 4analoginputs
e Converting time: 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)
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TOSHIBA TMP47C241

Pin Assignment (Top View)

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

VAREF —[] 1 ~ 28 [ J=<— vDD
R40 (AINO) =[] 2 27 [J=— K03
R41 (AIN1) <[] 3 26 [ ]<— K02
R42 (AIN2) =[] 4 25 []<— K01
R43 (AIN3) =>[]5 24 [ <— K00
R71 (WTO) <[] 6 23 [ <— HOLD (KEO)
R80 (INT2) <[] 7 22 [ <— RESET
R81(T2) ==[]8 21 [J— xourt
R82 (INTT) =>[]9 20 []=— XIN
P10 =[] 10 19 [0 <— TEST
P11 -—[] 11 18 [1 <> R92 (SCK)
P12 =[] 12 17 [ <> R91(50)
P13 <[] 13 16 [ 1 <> R90 (S)
vss —[] 14 15 [1—> P20

Block Diagram

Power Supply{ VDD—>
VSS =
Accumulator HR LR Data Memory PC
RAM address buffer (RAM)
| [ Program Memory
—_— ROM
Hold input  HOLD STACK _|SPw (Rom)
(sense input) (KEO) Hord controtler EIR | EIF a1 [ 1e2 | pe Data table
. RESET Interrupt controller
Resetinput  RESET System controller + —\
Test pin TEST R 7
Timing Generato > i
. " iming Generator Interval Timer 12-bit At Serial obit R
SC. lock " -Dit Seria -
Connecting{XOUT Clock Generator Y Timer / Interface | | AD converter
pin Counter (2¢h)
Watchdog T~
Timer (_j
N2
1 | L | 1
] ]
Y \EE Y2 1L 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) R40(AINO) K00
( Watchdog tlmer) '—v—‘c‘ o o |
output High current IO port IO port = Analog ;0 port Input port
(‘z t port T/Cinput (serialout) reference por . pute
output por interrupt input voltage (Analogmput)
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TOSHIBA

TMP47C241

Pin Function

Pin Name Input/ Output Functions
K03 to KOO0 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 /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”.
RE2UNTD) o 3-bit /O port with latch. Externalinterrupt Tinput
R81(T2) /0 (Input) When using as input port, external interrupt | Timer/ Counter 2 external input
........................... input pin, or timer / counter external iNPUt |-
R80 (INT2) pin, the latch must be set to “1”. External interrupt 2 input
ro26c0 owo . 3-bit /O port with latch. O e
R91(S0) I/0 (Output) When using as input port or serial port, the | Serial data output
........................................................ latch must be set 1o “1”.
R90 (SI) 1/0 (Input) Serial data input
XIN ............................... '”F’Ut .......... 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 Sense input
TEST Input Test pin for out-going test. Be opened or fixed to low level.
vDD +5V
G- ower supply 0\/ (GN D) .......................................................... RIS comveriar smaiog vfaranca™
voltage (GND)
VAREF AD converter analog reference voltage
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TOSHIBA TMP47C241

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

2.1 Ports
The TMP47C241 has 8 1/0 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)
® RS ;  3-bitinput/output shared by external interrupt requestinput and timer/
counterinput)
@ 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 ,
[ ko3 [ ko2 | ko1 | «oo ] Data input N ] 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 [P0 |
Data output | LaTcH | ¢ H PIN

—_

Figure 2-2. Ports P1
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TOSHIBA TMP47C241

Electrical Characteristics

Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vbp -03t07 \
Input Voltage Vin -0.3toVpp+0.3 \
Vout1 | Except sink opendrain pin -0.3toVpp+0.3
Output Voltage Vour2 |PortsP1, P2, R7toR9 -0.3t0 10 \Y
VouTs Analog inputs -0.3toVpp+0.3
louT 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 mw
Soldering Temperature (time) Tsld 260(10s) °C
Storage Temperature Tstg -55t0 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= -30 to 70°C)
Parameter Symbol Pins Conditions Min Max Unit
fc=6.0 MHz 4.5
Supply Voltage Vbp fc=4.2 MHz 2.7 6.0 \
Inthe HOLD mode 2.0
ViH1 Except Hysteresis Input In the normal Vppx0.7
Input High Voltage ViH2 Hysteresis Input operating area Vpp x0.75 Vpp \
Vius Inthe HOLD mode Vpp x 0.9
Vi1 Except Hysteresis Input In the normal Vppx0.3
Input Low Voltage Vi Hysteresis Input operating area 0 Vpp % 0.25 Y
Vi3 In the HOLD mode Vpp % 0.1
Vpp=4.5V106.0V 6.0
Clock Frequency fc Vpp=2.7Vt0o6.0V 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,
| N — Vpp =5.5V,
N | RESET, HOLD °P S A R B
Input Current ViN=5.5V/0V - “
lin2 Ports R (open drain)
Ring Port KO with pull-up/pull-down 30 70 [ 150
Input Resistance kQ
Rn2 | RESET 100 | 220 | 450
Output Leakage Current Lo Ports R, P (opendrain) Vpp=5.5V, Voyr=5.5V| — — 2 PA
Output Low Voltage VoL2 Except XOUT, ports P Vpp=4.5V, lop.=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=4MHz ! 2
Vpp=3.0V, fc=400kHz| — 0.5 1

Supply Current

(in the HOLD mode) |  'oPH Vpp=55V — o5 | 10 | A

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

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

Note 3: Supply Currentipp, ippy ; Vin=5.3V10.2V(Vpp=5.5V),2.8V10.2V(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 - Vpp Vv
Analog Reference Voltage Range AVparer | VaRer - Vss 2.7 — - \%
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
VAREF =5.000V LsB
Full Scale Error — — 1
Vass =0.000V
Total Error — — +2
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TOSHIBA TMP47C241

AC Characteristics (Vss =0V, Topr= -30to 70°C)
Parameter Symbol Conditions Min Typ. Max | Unit

Vpp=4.5t06.0V 1.3

Instruction Cycle Time tey - 20 “s
VDpD=2.7t06.0V 1.9

High level Clock pulse Width twcH
External clock mode 80 - — ns

Low level Clock pulse Width twel

AD Sampling Time taN — 4 - us

Shift Data Hold Time tson 0.5ty -03 - - 7

Note: Shift Data Hold Time

Serial port (completion of transmission)
External circuit for SCK pin ar nd SO

VDD
K 1.5V
10kQ .
SDH
= 50pF o Y Y Y Aisv
/7&_ J \ J \ / \ y 4
Recommended Oscillating Conditions (Vss=0V, Vpp=2.7t06.0V, Topr = -30to 70°C)
(1) 6MHz XIN XOUuT
Ceramic Resonator 6 '\éerz
CSA6. 00MG (MURATA) Cxin =Cxout=30pF 4 MHz
KBR-6. 00MS (KYOCERA)  Cxin =CxouT =30 pF L}
SN == = Cxour
(2) 4MHz ZJ;
Ceramic Resonator
CSA4.00MG (MURATA) CxiN = CxouT = 30 pF XouT
KBR-4. 00MS (KYOCERA) CxiN =CxouTt =30 pF
FCR4.0M5 (TDK) Cxin=CxouT=33 pF
Crystal Oscillator 40-0D|-(-HZ Rrour
204B-6F 4. 0000 (TOYOCOM) Cxin = CxouT = 20 pF Cxn ;;-t ;;j- Cxour
(3) 400 kHz
Ceramic Resonator XIN XOUT
CSB400B (MURATA) CxiN = CxouT =220 pF, RxouTt =6.8 kQ
KBR-400B (KYOCERA) Cxin = CxouT = 100 pF, RxouT = 10 kQ
(4) RCOscillation (Vss =0V, Vpp=5.0V, Topr=25°C) Cxn R
2 MHz (typ.) Cxin =33 pF, Rx = 10 kO /;7|' X

400 kHz (typ.) Cxin =100 pF, Rx =26 k2
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TOSHIBA

TMP47C241

Typical Characteristics

R-Ta KO port R-Ta RESET pin
(kQ) | vpp=5.5V k) lypp=55v
100 /,‘ 400
Y ~ 300 >
//
50 200 ]
-
100
0 Ta 0 Ta
-40 0 40 80 (°Q) -40 0 40 80 (°C)
| loL—VoL R4, R7, R8port | loL- VoL R9 port | loL-VoL P1, P2 port
oL oL oL
(mA)] Ta=25°C (mA)l 1a=25°C (mA) | Ta =25°C
8 ’/v as5v 16 Vpp=45V 40 Vpp=45V
pp =% =4. =4.
/ DD, // bD //
6 12 4 30
/ » / //
4 // -] 8 // 20 /1 Vop=27V
/ Vpp=2.7V Voo=2-}-— Ry
/
, A 4 /A A
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)
Ipb - Vbbp | Ipp - fc fe Operating area
DD DD
(mA)| Ta = 25°C (mA)| Ta = 25°C (MH2) | 15 = _ 300 70°C
2.0 2.0 8 I
Crystal or Ceramic
1.5 1.5 6 /
/ A ,/
1.0 Ac:llMHz 1.0 '/, 4
/I/ Lt =5V
0.5 7 0.5 2
e 400kHz RC
- Vop=3V
0 1 1 VDD 0 L3P 1 fc 0 VDD
2 4 6 V) 0.1 0.4 1 4 10 (MHz) 2 4 6 V)
fc— Ry (RC OSC.) ; fc-Vpp (RCOSC.)
C
X
(k) | Voo=5V (MHz) | Cxin=33 pF
Ta=25°C Ta=25°C
80 4
60 /R'= 10 kQ
\ Ve L
N \CX n=33pF 0.4 ,/
20 N Rx =50 k2
Cyn =100 pF| [N |
0 1 1111 fc 0.1 Vbp
0.1 0.4 1 4 10 (MHz) 2 4 6 V)
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