TOSHIBA TMP47C216/416

CMOS 4-Bit Microcontroller

TMP47C216F
TMP47C416F

The TMP47C216/416 is a high speed and high performance 4-bit single chip microcomputer, integrating high
current output port, the 4 bit AD conversion input and remote control signal output based on the TLCS-470
series.

Part No. ROM RAM Package OTP

TMP47C216F 2048 x 8-bit 128 x 4-bit
B it Bt ondrt B Al ---- P-QFP44-1414-0.80D | TMP47P416VF
TMP47C416F 4096 x 8-bit 256 x 4-bit

Features

& 4-bit single chip microcomputer
@Instruction execution time: 1.0 us (at 8 MHz),
244 us (at 32.8 kHz)

P-QFP44-1414-0.80D

€90 basicinstructions
® Table look-up instructions
® 5-bitto 8-bit data conversion instruction
#Subroutine nesting: 15 levels max.
@6 interrupt sources (External: 1, Internal: 5)
All sources have independent latches each, and multiple
interrupt control is available.
#1/0 port (38 pins)

® Input 1 ports 4 pins TMP47C216F
; TMP47P416F
.
Output 3 ports 12 pins TMPA7PA1EVE
® |/O 6 ports 22 pins

&Interval Timer
&Two 12-bit Timer/Counters

Timer, event counter, and pulse width measurement mode
®Watchdog Timer
#Serial Interface with an 8-bit buffer

® Simultaneoustransmission and reception capability

® External/internal clock, leading/ trailing edge shift, and 4/8-bit mode
@ 4-bit AD conversion input 4 channels

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 TMP47C216/416

@ High break down voltage outputs

VFT direct drive capability (24 bit)
@ Remote control signal output

Carrier modulation, code output
& High current outputs

LED direct drive capability (typ. 15 mA x 1 bits).
& Dual-clock operation

High-speed / Low-power-consumption operating mode
#Hold function

Battery / Capacitor back-up
#®Real Time Emulator: BM47C415N0OA
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Pin Assignments (Top View)

P-QFP44-1414-0.80D
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TMP47C216/416

Pin Function

Pin Name Input/ Output Function
K03 (CIN3 L .
to(KOO ()CINO) Input (Input) 4-bit input port AD Conversion (comparator) Input
P13 to P10 4-bit high breakdown voltage output port with latch 8-bit data are output by the 5-
Output
P23 to P20 bit to 8-bit data conversion instruction [OUTB @ HL.]
P33 to P30 Output 4-bit high breakdown voltage output port with latch
R43 to R40
R53 to R50 170 4-bit high breakdown voltage I/0 port with latch
R63 to R60
R73 (XTOUT) I/0 (Output) 4-bit /0 port with latch. Resonator connecting pin (Low-freq.)
............................................................. Wh ) th . t t t hd For inputting eXternaI clock' XTIN is
en using as the input port or watchdog | | sed and XTOUT is opend.
NSO Vo lneut) .| timeroutput, thelatch mustbesetto 17, | "7 °" 7T © U
YVave) Set to Dual-clock operating mode, when ;
R71 (WT | ' Watchdog timer output
........ (O) /O(OUtpUt) R73, R72 pin use as clock generator. gp
R70 (T1) 1/0 (Input) Timer/ Counter 1 external input
R82 (RSO) I/0 (Output) 3-bit I/0 port with latch. Remote control signal output
............................................................. When used as the INPUt Port, external 7"/ e oo
R81(T2) I/0 (Input) interrupt input pin, or timer / counter | Timer/Counter 2 external input
R external input pin, the latch must be set to | “External interrupt 2 or hold request/
R80 (INT2) /HOLD I/0 (Input) ", release signal input
Rozescy )] oo . 3-bit /O port with latch. Serialdock VO
R91(SO) I/0 (Output) When used as the input port or serial port, [ Serial data output
............................................................. the latch must be set to “1”.
R90 (SI) 1/0 (Input) Serial data input
XIN Input Resonator connecting pin (High-frequency).
XOUT Output For inputting external clock, XIN is used and XOUT is opened.
RESET Input Reset signal input
VDD +5V
VsS Power Supply 0V (GND)
VKK VFT drive power supply
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TOSHIBA TMP47C216/416

Operational Description
Concerning the TMP47C216/416 the configuration and functions of hardwares are described. As the
description has been provided with priority on those parts differing from the TMP47C660/860, the
technical data sheets for the TMP47C660/860shall also be referred to.

1. System Configuration
#Internal CPU Function
They are the same as those of the TMP47C660/860 except program memory (ROM), data memory
(RAM) system clock controller and interrupt function.
®Peripheral Hardware Function
Input/Output Ports
Interval Timer
Timer/Counters (TC1, TC2)
Watchdog Timer
AD Conversion (Comparator) input
Serial Interface
Remote Control signal output
The description has been provide with priority on functions (D, ® and @) added to and changed from
TMP47C660/860.

VOOPOOO
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TOSHIBA TMP47C216/416

2.

2.1

2.1

Internal CPU Function

Program Memory Capacity
The TMP47C216 has 2048 x 8 bits (addresses 000y through 7FF) of program memory (mask ROM), the
TMP47C416 has 4096 x 8 bits (addresses 000y through FFF).

A Program memory map

Figure 2-1 shows the program memory map. Address 0004 to 0864 and FEQH to FFFy (0004 to 0864 and
7E04 to 7FFy for the TMP47C216) of the program memory are also used for special purposes.

On the TMP47C216, no physical program memory exists in the address range 8004 through FFF.
However, if this space is accessed by program, the most significant bit of each address is always regarded
as “0” and the contents of the program memory corresponding to the address 000y through 7FFy are
read. For example, when outputting the data at address FF3y are read to ports by the [OUTB @HL]
instruction, the data at address 7F3y is actually read. That is, on the TMP47C216, the conversion table is
located in the address space 7EQ0y through 7FF4. When evaluating the TMP47C216 by using the
TMP47P216V, however, the conversion table must be allocated in the memory location addressed FEOH
through FFFy also.

Address 2048 x 8-bit Address 4096 x 8-bit
000, Reset start address 000, Reset start address
002 lIRSO... 002 |IRSo. ..
004 11SIO. ... Interruptservice 004 |1sI0 ... Interrupt service ...
006 | IOVF1 . routine .. 006 | IOVF1  ,outine e
008 [IOVF2 " o irvaddress oo 008 [igvF2 . 7T T
00A [ITMR yeddres 00A |TvR - entryaddress
00C [INT2 00C INT2
00E . Subroutine call  00E ]
: Subroutine call entry address entry address : Subroutine call entry address
designated by [CALLS a] designated by : designated by [CALLS a]
: instruction [CALL a] : instruction
086 instruction 086
7!50 Data conversion table for :
7EF [OUTB @HL] instruction 7FF
800 (=000) | 800
N Q: At ~
FEO(=7E0) : (Note) FE;O Data conversion table for
FFF (= 7FF) o : FFF [OUTB @HL] instruction

Note: When the piggyback is used, the address from FEOy to FFFy

are used as the data conversion table area.

(a) TMP47C216 (b) TMP47C416

Figure 2-1. Program memory map
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TOSHIBA TMP47C216/416

2.2 Data Memory (RAM)

The TMP47C416 has 256 x 4 bits (addresses 00y through FFy) of the data memory (RAM), and the
TMP47C216 has 128 x 4 bits (addresses 00y through OFy, and 904 through FFy).

Address Address

00y 00y

: Zero-page e eeneee : : Zero-page
OF | | : 0] 2 P
10 10

P : i Image of address :

: 004 to OFy

(Note) —_

Data area
7F
GO Eee s
8F
%

Data area :
B.F Image of address B.F

904 to FF

. Special : Special

: function function

: shared area : shared area
FF FF

(a) TMP47C216 (b) TMP47C416

Note: With the TMP47C216, the most significant bit of the RAM address is always regarded as
“0”, so that addresses 90y to FFy may be accessed as addrresses 10y to 7Fy. However,
programming should be performed assuming that the RAM is assigned to addresses 00y
to OFy and 90y to FFy as shown in Figure 2-6 (a) by considering the application software
evaluation with development tools. Address 10 to 8Fy should not be accessed.

Figure 2-2. Data memory capacity and address assignment
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TOSHIBA TMP47C216/416

2.3 System Clock Controller
The system clock controller starts or stops the high-frequency and low-frequency clock oscillator and
switches between the basic clocks. The operating mode is generally divided into the single-clock mode
and the dual-clock mode, which are controlled by command. The TMP47C216/416 can swithc from SLOW
operation mode to HOLD operation mode.
After HOLD operation mode was released, Normal-1 operation mode is set.

Single -clock mode Dual-clock mode

High-freq.: Oscillating Normal-1 Command Normal-2 High-freq.: Oscillating
Low-freq.: Stopped operating { operating Low-freg.: Oscillating
mode Command mode

Reset
Reset

Reset

Rising edge release
of HOLD pin

input

Reset
operation

Command Command Command

Reset

Reset

High-freq.: Oscillating
Low-freq.: Stopped

HOLD
operating
mode

SLOwW
operating
mode

High-freq.: Stopped
Low-freq.: Stopped

High-freq.: Stopped
Low-freq.: Oscillating

Command

Note 1: Normal-1 and Normal-2 operating modes are sometimes referred to as the Normal
operating mode collectively
Note 2: Returning from SLOW operation to Normal-2 operation.

Figure 2-3. Operating mode transition diagram

When returning from SLOW operation to Normal-2 operation, the warming up timer is used to change
the operation frequency after getting stabilized oscillation of the low-frequency clock.

The watchdog timer counter is used to count the warming up time.

To count cerainly the warming up time, it is necessary to initialize the counter. When returning from
SLOW operation to Normal-2 opertion, the watchdog timer must be cleared just before setting of the
system clock control command register.

Example: Returning from SLOW operation to Normal-2 operation

LD A,#0000B
ouT A,%0P15
LD A,#1100B
ouT A,%0P16

4-16-8 2000-10-19
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24

Interrupt Function

(1) Interrupt controller
There are 6 interrupt sources (1 external and 5 internal).
The prioritized multiple interrupt capability is supported.
The interrupt latches (ILs through ILg) to hold interrupt requests are provided for the interrupt
sources. Each interrupt latch is set to “1” when an interrupt request is made, asking the CPU to
accept the interrupt. The acceptance of interrupt can be permitted or prohibited by program
through the interrupt enable master flip-flop (EIF) and interrupt enable register (EIR). When two or
more interrupts occur simultaneously, the one with the highest priority determined by hardware is
serviced first..

Table 2-2. Interruptsources

. Interrupt Pertmit Entr
Sources Priority up conditions by y
latch program address

Remote control signal outputinterrupt  (IRSO) (High rank) 1 ILg EIF=1 0002y

Internal Serial interface interrupt (IS10) 2 ILg EIF=1,EIR3=1 0004y
Timer/ Counter 1 overflow interrupt (IOVF1) 3 IL3 EIF=1,EIRy;=1 00064

Timer/ Counter 2 overflow interrupt (IOVF2) 4 IL; EIF=1 EIR: = 1 0008y

= ' ‘I =
Interval timer interrupt (ITMR) 5 1L, 000AL
External | External interrupt2 (INT2) (Lowrank) 6 Ly EIF=1,EIRg=1 000CH

Interrupt latch
mo —> PS @
—_Dq:> R 5
ISIO PS Q —— >
_ ILy
D% R Priority
IOVF1 ._D— 5S ILQ —D" Encoder
:I'[> 3
R & Address
IOVF2 DY S L.Q — > 7
2
% > R
ey accoptince
address
'TMR ™y —° !L—,Q —{ D> Generator
H— |;L> R Interrupt
s request
)
Wz — wiD¥ |L0Q =
17 t—= DL R
Ts T4 T3, T Tp
53 T3 T —
+—>{EIR3 [EIR, [ EIRy [ EIRy |
EICLR IL,r IXCH A, EIR] Interll'upt See @
DICLR IL,r [>- enable R
CLR ILr reg|5ter
j | Accumulator | Ienr;c:t';'l':pt
[EICLR IL, r] master F/F
[DICLR IL, ]
System reset

Figure 2-24. Interrupt controller block diagram

a. Interrupt enable master flip-flop (EIF)
The EIF controls the enable / disable of all interrupts. When this flip-flop is cleared to “0", all
interrupts are disabled; when itissetto “1”, the interrupts are enabled.

4-16-9 2000-10-19



TOSHIBA TMP47C216/416

When an interrupt is accepted, the EIF is cleared to "0", temporarily disabling the acceptance of
subsequent interrupts.
When the interrupt service program has been executed, the EIF is set to
interrupt return instruction [RETI], being put in the enabled state again.
Set or clear of the EIF in program is performed by instructions [EICLR IL,r] and [DICLR IL,r],
respectively. The EIF isinitialized to 0" during reset.

b. Interrupt enable register (EIR)
The EIR is a 4-bit register specifies the enable or disable of each interrupt except INT1. An interruptis
enabled when the corresponding bit of the EIR is “1”, and an interrupt is disabled when the
corresponding bit of the EIR is “0”. Bit 1 (EIRq) of the EIR is shared by both IOVF2 and ITMR
interrupts.
Read/write on the EIR is performed by executing [XCH A,EIR] instruction. The EIR is initialized to “0”
during reset.

¢. Interrupt latches (IL)
An interrupt latch is provided for each interrupt source. It is setto “1” when an interrupt request is
made to ask the CPU for accepting the interrupt. Each latch is cleared to “0”upon acceptance of the
interrupt. Itisinitialized to “0” during the reset.
The interrupt latches can be cleared independently by interrupt latch operation instructions ([EICLR
IL,r], [DICLR IL,r], and [CLR IL,r] to make them cancel interrupt requests or initialize by program.
When the value of instruction field(r) is “0”, the interrupt latch is cleared; when the value is “1”, the
ILis held. Note that the interrupt latches cannot be set by instruction.

n1 "

by the execution of the

Example 1: To enable IOVF1, IRSO and INT2
LD A, #0101B ; EIR<0101p
XCH A, EIR
EICLR IL, 111111B ; EIFe<1
Example 2: Toset the EIFto “1" and to clear the interrupt latches except ISIO to “0".
EICLR IL, 010000B ; EIF<1, ILs<0, IL3toILg<0

(2) Interrupt processing
An interrupt request is held until the interrupt is accepted or the IL is cleared by reset or the interrupt
latch operation instruction. The interrupt acknowledge processing is performed in 2 instruction
cycles after the end of the current instruction execution (or after the timer/counter processing if
any). The interrupt service program terminates upon execution of the interrupt return instruction
[RETI]. The interrupt acknowledge processing consists of the following sequence:
® The contents of the program counter and the flags are saved on the stack.
@ The interrupt entry address corresponding to the interrupt source is set to the program
counter.
@ Thesstatus flag issetto “1".
@ The EIFis cleared to “0”, temporarily disabling the acceptance of subsequent interrupts.
® The IL for the accepted interrupt source is cleared to "0".
® The instruction stored at the interrupt entry address is executed. (Generally, in the program
memory space at the interrupt entry address, the branch instruction to each interrupt
processing program is stored. Note that the interrupt entry address is assigned every 2-byte,
so that the long branch instruction can not be stored in the program normally. The
interrupt service program is assigned to the memory locations 0000y through OFFFy.)

To perform the multi-interrupt, EIF is set to “1” in the interrupt service program, and the acceptable
interrupt source is selected by the EIR.

4-16-10 2000-10-19
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one instruction cycle

INT2 \\

ITMR
IL4 \

e ) |
EIF b {A
/ e

- —— —— —— —_———— ——
Interrupt Instruction I I I Execute Interrupt Instruction I
acceptance | exec. (000A,) [ELCR IL, 1 | acceptance | exec.(000Cy)

- ——— —— e ke —— —— -

Note 1:  Itis assumed that there is no other interrupt request and EIR =0011p.
Note2: Thevaluerinthe [EICLR IL, r]instruction isassumedas11111p.

Note 3: : - :denotes the execution of an instruction.

Figure 2-25. Interrupt timing chart (Example)

The interrupt return instruction [RETI] performs the following operations:
@ Restores the contents of the program counter and the flags from the stack.
@ Setsthe EIFto "1" to provide the interrupt enable state again.

Note: When the time required for the interrupt service is longer than that for the interrupt
request, only the interrupt service program is executed without executing the main
program.

In the interrupt processing, the program counter and flags are automatically saved or restored but the
accumulator and other registers (H or L register, DMB, DC, etc.) are not. If it is necessary to save or
restore them, it must be performed by program as shown in the following example. To perform the
multi-interrupt, the saving RAM area never be overlapped.

Example: To save/restore accumlator and HL register pair.
XCH HL, GSAV1 ; RAMI[GSAV1] « HL
XCH A, GSAV1+2; RAM[GSAV1 +2] & Acc
Note. The lower 2 bits of GSAV1 should be “0’s”.

(3) Externalinterrupt
When an external interrupt (INT2) occurs, the interrupt latch is set at the falling edge of the
corresponding pin input (INT2).
The INT2 interrupt can be enabled / disabled by the EIR.
Therefore, the INT2 interrupt occurs at the falling edge of the pin input when R80 (INT2) pin is used
for the I/0 port.
But bit 0 of the EIR is only kept at “0” not accepting the interrupt request.
Because the external interrupt input is the hysteresis type, each of high and low level operation
requires 2 or more instruction cycles for a correct interrupt operation.

4-16-11 2000-10-19
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3. Peripheral Hardware Function

3.1 Input/Output Ports

The TMP47C216/416 has 10 1/0 ports (38 pins) each as follows:

® Ko ;
@ P1,P2,P3 ;
@ R4, R5,R6 ;
@ R7 ;

® R8 ;

® R9 ;

4-bit input (shared with comparator inputs)

4-bit output (shared with segment autputs)

4-bitinput/ output (shared with digit outputs)

4-bit input / output (shared with the low-frequency reasonator
connecting pins, the watchdog timer output and timer / counter
input)

3-bit input / output (shared with external interrupt request input,
timer / counter input and Remote control signal output)

3-bit input/output (shared with serial port)

Each output port contains a latch, which holds the output data. The input ports have no latch; therefore,
itis desired hold data exterenally until it is read or to read twice or more before processing it.
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TOSHIBA TMP47C216/416

3.1.1 /O port

(1) KO (K03 to K0Q) PORT
The 4-bit input port. Port KO is shared with the AD converter (comparator) input. The KO port input
selector (OP13) determines whether this port is to be used for digital or comparator input. The most
significant bit of the KO port input selector is set to “1” for digital input and to “0” for comparator
input. The KO port input selector is initialized to “0” during reset.

KO port (Port address:  IP00) Input selector
Reference voltage

3 2 1 0
KO3 K02 KO KOO
(CIN3) (CIN2) (CIN1) (CINO) N/ TEST/ TESTP
Input data < < —{ ]rin

Figure 3-1. KO port

(2) P1(P13toP10), P2 (P23 to P20), P3 (P33 to P30) port
The 4-bit high breakdown voltage output ports with latch, which can directly drive Vacuum
Fluorescent Tubes (VFT). The latch data can be read by input instruction. The latch is initialized to
“0" during reset.

P* port (Port address: OPO* /IPOx)

3 2 1 0 U Segment output
P*3 P*2 P*1 P*0
P1 VFT
P2 12-segment x 12 digit display
*: 1,23 b3
IN/TEST/TESTP/SET/CLR

Input data
P4

Output data LATCH ¢ PIN P5
2]

6 Digit output
TMP47C216/416
Figure 3-2. PortsP1, P2, P3 Figure 3-3. Example of driving a VFT
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(3) Ports R4 (R43 to R40), R5 (R53 to R50), R6 (R63 to R60), R7 (R73 to R70)
These ports are 4-bit I/O ports with a latch. When used as an input port, the latch (R4, R5, R6) must be
set to “0” and the latch (R7) must be set to “1”. The latch (R4, R5 and R6) is initialized to “0" during
reset. The R7 latch is initialized to “1” during Reset. These 4 ports (16 pins) can be set,cleared, and
tested for each bit as specified by L register indirect addressing bit manipulation instructions [SET
@L], [CLR @L], and [TEST @L]. Table 3-2 lists the pins (/O ports) that correspond to the L register
contents.

instruction.
LD L, #0011B
CLR eL

; Set R43 pin address to L register
; R43«0

Table 3-2. Relationship between L register contents and I/O port bits

Example: To clear R43 pin as specified by the L register indirect addressing bit manipulation

L reg.ister. Pin L reg.ister. Pin L reg.ister. Pin L reg.ister. Pin
3:2:1:0 3:2:1:0 3:2:1:0 3:2:1:0
0 0 0 O R40 0 1 0 O R50 1 0 0 O R60 1 1 0 O R70
0 0 0 1 R41 0o 1 0 1 R51 1 0 0 1 R61 1 1.0 1 R71
0 0 1 O R42 0o 1 1 0 R52 1 0 1 0 R62 11 1 0 R72
0o 0 1 1 R43 o 1 1 1 R53 1 0o 1 1 R63 1 11 1 R73

a.R4 (R43 to R40), R5 (R53 to R50), R6 (R63 to R60) port
The 4-bit high breakdown voltage 1/0 ports with latch, which can directly drive Vacuum
Fluorescent Tubes (VFT). The latch should be cleared to “0” when used as an input port. The is
initialized to “0” during reset.

R* port (Port address: OPOx / [POx)
3 2 1 0
R*3 R*2 R*1 R*0

b.VFT drive power supply (VKK)

Input data

output data

Figure 3-4. R4,R5, R6 port

IN/TEST/TESTP

SET/CLR

4

~

~

—>{ LATCH

\V4

[ ] PN

VKK

The 24 pins of the P1, P2, P3, R4, R5, R6 ports are P-channel open drain construction with
pulldown resistor. Each pin is connected to a VKK pin via a pulldown resistor (TYP. 80 k). Thus,
Vacuum Fluorescent Tubes (VFT) can be driven by applying a negative ( -) voltage to the VKK
pin, without using external resistor.
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b.Port R7 is shared by the low-frequency resonator connection pins (XTIN, XTOUT), the timer /
counter1 input pin and the watchdog timer output pin (WTO). For the dual-clock mode
operation, the low-frequency resonator(32.768 kHz) is connected to R72 (XTIN) and R73 (XTOUT)
pins. For the single-clock mode operation, R72 and R73 pins are used for the ordinary 1/0 ports.
When the watchdog timer is used, R71 (WTO) becomes the watchdog timer output pin. The
watchdog timer output is the logical AND output with the port R71 output latch. To use the R71
pin for an ordinary I/O port, the watchdog timer must be disabled (with the watchdog timer
outputsetto “1”). When used as a timer/counter1, R70 lactch mustt be set to “1”. To use it for
an ordinary I/0 port, the event counter / pulse width measurement modes of the timer /
counter1 must be disabled.

IN/TEST/TESTP
SET/CLR
Timer/counter1 A
input ~ 1
N
Data input j—l
Data output @ ‘ '|> D R70
/]
N
Datainput <—l—<:]_|
Data output —»@ ! rD-[>-—|:| R71 (WTO)
Watchdog
timer output “1
<—l—< N
Data input :]‘
Data output —>@ ™ ] rR72(xTiv)
Port R7 (Port address: OP07/1P07) LT/ 2
“1
~ N/
3 2 ! 0 Data input <—l—< |— 1 Rts
R73 R72 R71 R70
(XTOUT) | (XTIN) (WTO) (1) Data output —»@ L‘f ] r73 (xToUT)
Clock mode

(“1” in the single-clock mode)

Figure 3-5. PortR7
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(4) PORT R8 (R80 to R82) and HOLD / (INT2) pin

a.R80 (INT2 /HOLD (KEOQ))
Port KE (KEQ) is a 1bit sense input port shared with the hold request/release signal input pin
(HOLD), the external interrupt 2 input pin and the R80 I/0 pin. This input port (KEO) is assigned
to the least significant bit of port address IPOE and is processed as the data with inverted
polality. For example, if an input instruction is executed with the pin on the high level, “0" is
read. The bit1 through bit3 of port KE, an uncertain value is read when an input instruction is
executed.

b.R81
Port R81 is a I/0 port with a latch. When used as input port, the latch must be set to “1”. The
latch is initializes to “1” during reset. Port R81 is shared with the timer/counter2 input pin. To
use this port for the timer / counter2 input pin, the latch should be set to “1”. To use it for an
ordinaly I/0 port, the event countre / pulese width measurement modes of the timer / counter
should be disabled.

c. R82
Port R82 is a I/0 port with a latch. When used as an input port, the latch must be setto “1”. The
latch is initialized to “1"” during reset. Port R82 is shared with the remote control signal output
pin. To use this port for the remote control signal output pin, the latch should be setto “1”. To
use it for an ordinary I/0 port, the remote control signal output pin should be disabled.

Port R8 (Port address: OP08/IP08) Port KE (Port address: IPOE)
......... 3 2 1 0 oS 2 0
R82 R81 R80 : : § KEOQ
___________________ ®0) | 1 | v i | wOLD)
i HOLD
Control input <
(12) ~ IN/TEST/ TESTP control
INT2 c <ll
) imterrup IN/TEST/TESTP
Inputdata < KEO
input
Output data —>{LATCH —DPIN R80 IN/TE)S:/TESTP
input J
(a) R81(T2), R82 (RSO) SET/CLR
< >——{ e
R80
R80 (INT2/HOLD (KEO))
output LATCH

(c) HOLD (KEO), R80 (INT2)

Figure 3-6. Port R8 and port KE

Note: When HOLD (INT2) pin is used for an I/O port, external interrupt 2 occurs upon detection of the falling
edge of pin input therefore a bit 0 of the interrupt enable resister (EIR0Q) should be clear to “0”.
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(5) PortR9 (R92 to R90)
Potr R9 is a 3-bit I/0 port with latch . When used as an input, the latch must be setto “1”.The latch is

initialized to “1” during reset. Port R9 is shared with the serial port.
. To use port R9 for an ordinary I/O

To use port R9 for the serial port, the latch should be set to
port, the serial port must be disabled. Although R93 pin does not exist actually, execution of the set
or clear instruction for R93 ([SET % OP09,3] or [CLR % OP09,3]) affects the operation of the internal
CPU. Therefore, these instructions should not be execution on R93. However, other instructions
may be used, in which an uncertain value is read upon execution of an input instruction.

Port R9 (Port address:

Control input

OP09/1P09)
Datainput
2 1 0
R92 R91 R90
(sCK) (S0) (s
Data output

Control output

Figure 3-7. PortR9

3.2 4 bit AD Conversion (Comparator) Input
The comparator input is analog input to discriminate key input or AFC (Auto Frequency Control) signal.
It's composed of 4-bit DA converter, comparator and control circuit. Analog input level (CINO to CIN3)
can be detected as 16-stage by setting reference voltage.
The comparator input can also be used as KO port (digital input). To use as KO port, set the most
significant bit of the port address OP13 to “1”. Which port is selected digital (KO) or comparator (CIN)
input can be monitored by accessing the port address IP13.

3.2.1  Circuit configuration of comparator input

K00 (CINO)
K01 (CIN1)
K02 (CIN2)
K03 (CIN3)

"1 "

d

~

IN/TEST/TESTP

TSET/CLR

Analog
) input

multiplexer

S

Analog input selector

TP o

| Colmmandregister |

3 2 1 0

Compa: CINO
rator CIN1 [ Data
CIN2 Flatch
Reference voltage CIN3
| 4-bit DA converter
1P0OO

Figure 3-8. Circuit of comparatorinput

CIN

OP13/1P13

Input
selector

E—

4-16-18

2000-10-19



TOSHIBA TMP47C216/416
Control of comparator input
KO port input selector command register Table3-3. Reference
(Port address: OP13/IP13) (Initial value: 1%%%) voltage
3 .. 2 e D OoP12 Vref.
KO 3:.2:1.0 vl
0000 0.31

SKO | Select KO input mode

0: CIN comparatorinput

1: KOdigital input

Figure 3-9. Command register, status register

Reference voltage (Vref) is set by command register (port
address OP12), and it is determined by the following form.

VRer=VppX (Nn+1)/16[V] (n=0to 15)

After initialization sequence, 4-channel comparator inputs
continue comparison operation successively.

Since 2-instruction cycles are required to complete
comparison of 1-channel, it is necessary to wait for 8-
instruction cycles after setting a reference voltage to read
data from the comparator. When analog input voltage is
higher than reference voltage, comparator data latch is
set to “1”. At the initialization sequence, OP12 is set to
“0". Thereis not latch when used to port KO.

11 1 1

Note: When the comparator input is selected, the comparator consumes typically 700 pA
current at VDD =5 V. To reduce the power consumption, KO port should be set to
digital input mode. In the HOLD mode, the comparator current is automatically cut off
by hardware. Further, during the slow operating mode, AD conversion input is
automatically disabled by hardware to reduce the power consumption.
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3.3 Remote Control Signal Output (RSO)
The TMP47C216/416 incorporates a remote control code pulse send circuit. Remote code pulses are
generated from the carrier and code string signals and output from the R82 (RSO) pin.

3.3.1 Circuitconfiguration

3 2 1 0 3 2 1 2 1 0 3 2 1 0 3 2 1 0 3 2 1 0
I selnd bll.lffer IH | | sénd bluffer L | | command resister 2 | | command resister 1 || freq settlng resister 2 | | freq settlng resister 1
{£ OPOD 4} OPOC OPOB OPPA {} OP1B {; OP1A
address
clear
8-bit 4-stage FIFO programmable

pulse generator

* carrier signal
i - R82
code signal code signal (RSO)
| circui carrier
comparator control circuit modulation _)D
ﬁ circuit
reset ¥
b= Zsl;c 3 v2 1 0
7-bit counter clock selector 27/fc T
clock <~ 25/f¢ L [rsF]

status resister IPOB

3.3.2 Remote control signal output control
Remote control signal output is controlled by command registers 1 and 2, (OPQA, OPOB), carrier
frequency setting registers 1 and 2 (OP1A, OP2B), send buffers L and H (OPOC, OPOD), and status register
(IPOB).

Remote control signal output control register 1 Remote control signal output control register 2
(Port address: OPOA) (Initial value: 0x00) (Port address: OPOB) (Initial value: 0000)
3 2 ! 0 3 2 ! 0
mos | [ nmop | eree | [ srac | CKR |
VDS | send mode setting | BFAC | send buffer address clear | (Note 1)
0: code pulse output 1: send buffer address clear
1: carrier forced output (After clear, set to 0 automatically.)
NMOD | carrier signal modulation level select | INH | code pulse send forced stop |
0: carrier modulation output when code signal is at high level 1: forced stop
1: carrier modulation output when code signal is at low level (After stop, set to 0 automatically.)
ERCP | Code pulse send start/end specification | (Note 2) CKR | code signal count pulse rate |
0: code pulse send end 00: 2%/fc [s]
1: code pulse send start 01: 27/c
- 10: 2%fc
11: Not used.
Remote control send butter L Remote control send buffer H
(Port address: OPOC) (Initial value: 0000) (Port address: OPOD) (Initial value: 0000)
3 2 1 0 2 1 0
I RBIFL I | REDG | I RBFH I
lower 4 bits of code signal send data upper 4 bits of code signal send data  (Note 3)

REDG | polarity of code signal

RBF = 01y to 7F o:
(n=1t0127) )

level of next code signal send data is low.

1: level of next code signal send data is high.
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Carrier frequency setting register 1 Carrier frequency setting register 2
(Port address: OP1A) (Initial value: 0000) (Port address: OP1B) (Initial value: 0%00)
3 2 1 0 3 2. 1 0
T 1 T T
SCAR ECAR | SDIV |
MNoteqy e
R=01 7F =1to 127 . e
SCAR =01 to 7Fu (n to ) ECAR | carrier signal stop / operate specification |
Remote control signal send status register 0: carrier signal operation stop (Note 2)
(Port address: IPOB)
1: carrier signal operation start
......... 3 2 SOOI U —
: RSF : : R
SDIV | Carrier frequency and duty select |
RSF | remote control signal send operating status monitor 00: fer="fc/6n [Hz] , 1/2 duty
0: send complete 01: fer="fc/6n , 1/3 duty
1: sending 10: fer=~c/4n , 172 duty
— 11: fer=Fcd/2n , 172 duty

Note 1: Do not clear the send buffer address while sending remote control signals.

Note 2: In code pulse output mode (MDS = 0), first set ECAR = 1, then start sending code pulse (ERCP = 1).

Note 3: With code signals, the lower 4 bits (OPOC) are sent first, then the upper 4 bits (OPOD). The most significant bit
in the send data is REDG. This determines the signal level of the next code signal.

Note 4: With carrier frequency setting data SCAR, the lower 4 bits are sent first, then the upper 3 bits. When sending
the upper 3 bits, setbit3to 1.

3.3.3 Carrier signal control
Carrier signals are controlled by carrier frequency setting registers 1 and 2. To set the carrier frequency,
first the lower 4 bits in the carrier frequency setting register 1 (OP1A) are accessed, then the lower 3 bits.
When sending the upper 3 bits, bit 3 must be setto 1.

Example: Toset carrier frequency, fcr, to approximately 38 kHz and duty to 1/3 (fc = 8 MHz)

LD A, #0011B

ouT A, %OP1A ; OP1A « lower 4 bit data 3H

LD A, #1010B

ouT A, %0P1A ; OP1A < upper 3 bitdata 2H, bit3 = “1"
LD A, #0001B

ouTt A, 7%0P1B ; fcr = fc/6n, 1/3 duty
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3.34

3.3.5

Code signal control

(1) Codessignal data setting

Code signal data are sent to send buffers L and H (OPOC, OPOD). The lower 4 bits are sent first, then
the upper 4 bits. The 4-byte code signal data are stored in the send buffer; the stored data are sent
in the same order as they were sent to the send buffer. The length of time is determined by the
lower 7 bits of the code signal data and the count pulse rate specified in CKR.

The most significant bit in the code signal data is used to determine the level of the next code signal
data. Thus, the level of the first code signal data is low. CKR is used to select the pulse rate
according to the precision required by the code signal data.

Example: Length of time for code signal data must be 0.56 ms (when CKR = 00)
(7-bit data in send buffer)
Therefore, RBF = 46H (when level of next code signal data is low) or C6H (when level
of next code signal data is high)

(2) Send buffer address clear

When code signal data change, the updated data can be sent by setting BFAC to 1 if the change
occurred before the code pulse was sent (ERCP = 0). When a buffer empty interrupt (IRSO) is
generated and the next send data is being written, data can be updated by clearing the buffer
address. At that time, data can be updated before send of the last data is ended. BFAC is
automatically cleared to 0 after the buffer address is cleared.

Code signal carrier modulation

(1) Codessignal carrier modulation by level

NMOD is used to determine whether the code signal data are modulated by the carrier at low or
high level. To modulate by the carrier when code signal data are at low level, set NMOD to 1.
Setting NMOD to 1 outputs data as leader code, because carrier modulation starts from byte 1 of
the code signal data.

(2) Send mode setting

a) code pulse
Code pulse output is when the code signals determined by the data sent to the send buffer and
the pulse rate selected in CKR are modulated by the carrier signal determined by carrier
frequency setting registers 1 and 2.

b)carrier forced output
Carrier signals are forcibly output as long as MDS isset to 1.

(3) Code pulse send start/ end specification

Setting ERCP to 1 starts sending code pulses according to the data stored in the send buffer. When
send of the last data in the send buffer is started, the buffer register becomes empty. Then an IRSO
(buffer empty) interrupt is generated to request the next send data. When the interrupt service
program writes the next send data to the send buffer register, the interrupt request is cleared. To
end the send, instead of writing the next send data, the interrupt service program clears ERCP to 0.
When ERCP is cleared, the send ends as soon as the code data currently being sent is ended. Send
end can be checked by the status of RSF (bit 2 in status register), because RSF is set to 0 at send end.
Before send of the last data is ended, either the next code data must be sent or ERCP must be
cleared in order to clear the interrupt request.
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(4) Code pulse send forced stop
Code pulse send can be forcibly stopped. Setting INH (bit 2 in command register 2) to 1 initializes
command registers 1 and 2, and the remote control send buffer, then stops the send. Output from
the RSO pin is set to high; INH is automatically cleared to 0.
The data in carrier frequency setting registers 1 and 2 just before the forced stop are saved; carrier
signal operation continues internally.

(5) Remote control signal output circuit operation

1) carrier modulation when code signal is at high level (4-byte code signal send — end)

I

code signal

carrier signal

code pulse
RSO pin (R82)

ECAR J

ERCP

N

IRSO

RSF

Code pulse data (4 bytes)
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2) Carrier modulation when code signal is at low level (4-byte code signal send — end)

I

code signal

carrier signal

/

RSO pin (R82)

1

i

1

ECAR \ i

1

1

1

ERCP \\ ! |\\

:
IRSO
RSF

Code pulse data (4 bytes)

* Byte 1in the code signal is always at low level,; bytes 2 and subsequent are output depending
on bit 3 in the remote control send buffer H (OPOD).
When bit 3 = 0, level of the next code signal data = low.
When bit 3 = 1, level of the next code signal data = high.
Set REDG so that the level for non-modulation by the carrier is used, while the last code
signal data is being sent. Thatis, when NMOD = 0, set REDG to 0: NMOD = 1, set REDG to 1.
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3)4-byte code signal send — 2-byte send — end (when NMOD = 0)

code signal

A

carrier signal

RSO pin (R82)

ECAR

N

ERCP

/-

IRSO

\

RSF

1

]

H code pulse data
(2 bytes)

 -—

«——— code pulse data (4 bytes) /

Sending the next code signal data to the remote control send buffer or specifying send
end by the interrupt service program clears an interrupt request.

4)2-byte send — 1-byte send — end (when NMOD = 1)

N

1
[}
code signal L
I
1

7 i

carrier signal

RSO pin (R82) ‘

ECAR

ERCP J

/

D\

"j

code pulse data
(1 byte)

————mef e B — == - D

e

IRSO

—

1
«——— code pulse data (2 bytes) —>i<—

* Tosend the code signal data first time (ERCP = 0), send at least two bytes. However, the
interrupt service program can send only one byte even the first time.
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Port Condition by RESET Operation
The transition of Port condition by RESET operation is shown as below.

VDD--- . (¢

"
Supply voltage / :

: t(RESET) :
—_— i («

. : 7_VIH2 " FVin2
RESET (input) : ; : VIL2 i

(¢

Internal

: 7
oscillatin Starts X Stable oscillation
conditiong éosallatmn ; . (;(;
' - f :
Internal " A Determihes depending on the v e e
hardware Unsettled antlallzatlon “““result Q‘E(progrgm exeguuon A Initialization ***

H
Operation of

: ( :
microcomputer H fReset v . Y /Reset v .
_g_(operation Program execution Roperation A Program execution
: N )

Condition of 4 - :é : £ : :
Output port Initialization r rDec-.;’EﬁErg]lcrbﬁ)g?ggn#ggﬁ%’ahe Xnitializati?:r-'nx Determines depending on the
4

and I/0 port result of program execution
W
@ | — @) —>|
<«— Condition of port by Power on reset Condition of port at resetting during —— >
power supply is stable

Figure 3-10. Port condition by Reset operation

Note 1: t(RESET) > 24/fc

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

Note 3: The term from power on reset to the time program is executed (above @) and also the term
starting from reset operation during power supply is stable to the program is executed (above
@), the port is on the initial condition. The initial condition of Port differs from /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 @, 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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Input / Output Circuitry

(1) Control pins
The input/output circuitries of the TMP47C216/416 control pins are shown below.

Control Pin 110 Circuitry Remarks
0OSC. enable —)tDo_
Wy Resonator connecting pins
XIN Input R¢ R =1kQ (typ.)
XOUT Output R Ro Rt =1.5MQ (typ.)
Ro =2kQ (typ.)
XIN XOUT
0SC. enable _)tD_
M Resonator connecting pins
R
XTIN Input R fs =R, R =1kQ (typ)
XTOUT Output Ris =6 MQ  (typ.)
Ro =220kQ (typ.)
XTIN XTOUT
VDD Hysteresis input
RESET Input Rin % R Pull-up resistor
@ AM_D RIN =220kQ (typ)
R=1kQ (typ.)
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(2) /0 ports
The input / output circuitries of the TMP47C216/416 I/O ports are shown below, any one of the
circuitries can be chosen by a code (MA to MC) as a mask option.

Port 110

Input / Output Circuitry (Code)

Remarks

KO Input

MA VIB

MC

Pull-up/
Pull-down resistor

RIN =70kQ (typ)
R=1kQ (typ.)

P1
P2 Output

P3

Source open drain

output
Initial “Hi-2"
High-breakdown
voltage
Rk =80 kQ (typ.)

R4
R5 110
R6

Rk

VKK

JAN

Source open drain

output
Initial “Hi-Z"
High-breakdown
voltage
Rk =80 k() (typ.)
R=1kQ (typ.)

R7 110

R70

o]
<

R71,R72,R73

o
P!
~

Sink open drain

output
Initial “Hi-Z"

Hysteresis input (R70)
R=1kQ (typ.)

High current (R70)
loL=15mA (typ.)

R8

R9 110

Initial "Hi-Z"

o]

2

Sink open drain

output
Initial “Hi-z2"
Hysteresis input
R=1kQ (typ.)
High current (R82)
loL=15mA (typ.)
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Electrical Characteristics
Absolute Maximum Ratings (Vss=0V)
Parameter Symbol Pins Ratings Unit
Supply Voltage Vpp -0.3t06.5 Y
Input Voltage Vin -0.3toVpp+0.3 \'
V R7, R8, R9, XOUT -0.3toVpp+0.3
Output Voltage QUTL b Vv
Vour2 |P1, P2, P3, R4, R5, R6 Vpp - 40to Vpp +0.3
lout1 | R70, R82 30
) lout2 | R71toR73, R80, R81, R9 3.2
Output Current (per 1 pin) mA
louts |P1, P2, P3 -12
louta |R4, R5, R6 -25
Sloyt1 | P1, P2, P3 _80
Output Currnent  (Total) mA
Slour2 | R4, RS, R6 -100
Power Dissipation [Topr=70°C] PD 600 mw
Soldering Temperature (time) Tsld 260(105s) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr -30t0 70 °C

Note 1: 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.
Note 2: Output voltage Voyrs: The Voyrs of OTP (TMP47P416VN) is from Vpp — 38 (V) to VDD + 0.3 (V).

Recommended Opeating Conditions

(Vss =0V, Topr= -30to 70°C)

Parameter Symbol Pins Conditions Min Max Unit
In the Normal mode 4.5
Supply Voltage Vpp In the SLOW mode 2.7 5.5 \Y
In the HOLD mode 2.0
\Y Except Hysteresis Input Vppx 0.7
. 1H1 P y p Vpp = 4.5V DD
Input - High Voltage ViH2 Hysteresis Input Vpp x0.75 Vpp \
Vi3 Vpp < 4.5V Vppx0.9
Y Except Hysteresis Input Vpp x0.3
IL1 P y P Vpp Z 4.5V DD
Input - Low Voltage Vi Hysteresis Input 0 Vpp x0.25 \
Vi3 Vpp < 4.5V Vpp x 0.1
fc XIN, XOUT 0.4 8.0 MHz
Clock Frequency
fs XTIN, XTOUT 30.0 34.0 kHz

Note 1: 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.
Note 2: Input voltage Viy3, Vi 3: In the SLOW or HOLD mode.
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TOSHIBA TMP47C216/416
DC Characteristics (Vss =0V, Topr= —30to 70°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vys | Hysteresis Input - 0.7 - Y
In1 | KO, RESET Vpp=5.5V,
Input Current - - 2 pA
In2 | R ports (open drain) Vin=5.5V/0V
Rin1 | KO port with pull-up/pull-down 30 70 150
Input Resistance
Rinz | RESET 100 220 450 kQ
Pull-down resistance Rk | source opendrain Vpp=5.5V, Vkk=-30V - 80 -
Lot |sink open drain Vpp=5.5V,VN=55V - - 2
Output Leakage Current pA
ILo2 | source opendrain Vpp=5.5V,Voyr=-32V - - -2
Output Level High Voltage Vony |P1, P2, P3 Vpp=4.5V, lopy=-5mA 2.4 - - \'
Output Level Low Voltage VoL R71to R73, R80, R81, R9 Vpp=4.5V,lgL.=1.6 mA - - 0.4 \
Output Level High Current lon |R4, R5, R6 Vpp=4.5V,VoL=2.4V - -15 - mA
Output Level Low Current lo. | R70, R82 Vpp=4.5V, VoL =1.0V - 15 - mA
Supply Current
(in the Normal mode) Ibp Vpp=5.5V, fc=4 MHz - 3 6 mA
Supply Current
(in the SLOW mode) Ibps Vpp=3.0V, fs=32.768 kHz - 30 60 vA
Supply Current
(in the HOLD mode) IDDH Vpp=5.5V - 0.5 | 10 LA

Note 1:
Note 2:

Note 3:

Supply CurrentIpp, Ippy

Typ. values show those when Topr=25°C, VDD =5V
Input Current I;y1

;  The current through resistor is not included, when the input resistor
(pull-up/puli-down) is contained.

Vin=5.3V/02V

The KO port is open when the input resistor is contained. The voltage applied to the R port is within

the valid range.

Ipps

XTIN, XTOUT).

at comparator input is disabled.

AD Conversion Characteristics

(Vss=0V, Vpp=4.5t0 5.5V, Topr= - 30 to 70°C)

Vin=2.8 V0.2V, low frequency clock is only oscillated (connecting

Parameter Symbol Pins Conditions Min Typ. Max Unit
Analog Input Voltage VaIN CIN3 to CINO Vss - Vpp \
AD conversion error - - * % LSB
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TOSHIBA TMP47C216/416

AC Characteristics (Vss=0V, Vpp=4.5t05.5V, Topr = —30to 70°C)
Parameter Symbol Conditions Min Typ. Max Unit

In the Normal mode 1.0 - 20

Instruction Cycle Time tey us
In the SLOW mode 235 - 267

High level clock pulse width tweH
External clock mode 80 - — ns

Low level clock pulse width twel

Shift Data Hold Time tspH 0.5ty -03 - — S

Note: External circuit for SCK Pin and
SO pin Serial port (completion of Transmission)
VDD
T SCK \ / \ / \ # 1.5V
10kQ ) — N/ ) W— 4

tspH

b o XXX Fe

Recommended Oscillating Conditions (Vss=0V, Vpp=4.5t06.0V, Topr= -30to 70°C)

(1) 8 MHz XIN A b XOUT
Ceramic Resonator or
CSA8.00MT (MURATA)  Cyin=Cxout=30pF 8'\|ﬁHz
KBR8.00M (KYOCERA) Cxin=CxouTt=30pF

. ~

(2) 4 MHz
Ceramic Resonator
CSA4.00MG (MURATA)  Cxin =CxouTt=30pF
KBR-4.00MS (KYOCERA) Cxin =Cxout=30pF
Crystal Oscillator
204B-6F 4.0000 (TOYOCOM) Cxn=CxouT=20pF

XIN XOouT

400 kHz Rxout

Cx"\;; ;; Cxout

(3) 400 kHz
Ceramic Resonator
XTIN XTOUT
CSB400B (MURATA)  Cxin =CxouT =220 pF, RxouT =6.8 kQ
KBR-400B (KYOCERA) Cxin =CxouTt =100 pF, Rxout =10 kQ
32.768 kHz
CxTin CxTout
(4) 32.768 kHz (Vss=0V, Vpp=2.710 6.0V, Topr = — 30 to 70°C) 7 T
Crystal Oscillator CxTIN, CxTouT; 10to 33 pF
Note: In order to get the accurate oscillation frequency, the adjustment of capacitors must be
required.
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TOSHIBA

TMP47C216/416

Typical Characteristics

R-Ta KO port R-Ta RESET pin Rk-Ta VFT driver
(k) Vpp=5.5V (k) Vpp=5.5V (kQ) | Vop=5.5V
Vik= -30V
100 // 400 100
-
L1
~ 300 = 80 =
/ // L1
50 200 " 60 |-
>
100 40
0 Ta 0 Ta 0 Ta
-40 0 40 80 (°Q) -40 0 40 80 (°C) -40 0 40 80 (°0)
loH-VoH R4, RS5,R6port loH-VoH P1,P2,P3port
lon lon
(mA) Vpp=4.5V (mA) Vpp=4.5V
Ta=25°C Ta=25°C
—40 -16
™~
-30 -12 ™
[——
-20 \ -8
-10 \\ -4
0 \ Vo 0 Vou
2 4 6 (V) 2 4 6 (V)
loL- VoL R port loL-VoL R70, R82 port
loL loL
(mA) VDD=4.5V (mA) VDD=4.5V
Ta=25°C Ta=25°C
8 4 40
. / o
/ 30 7
1 ol
, b/ /)
10 /’
0 VoL 0 VoL
0.4 0.8 1.2(V) 0.4 0.8 1.2(V)
Ipp - Vpp Ipp - fc Operating area
oo o0 Vooo55v e [Taz —30t070°C
_ ~Eo, pD=5. a= -30to70°
(mA)| Ta=25°C (mA) Ta=25°C IM (MHz) (Normal mode)
4 4 / 8
3 3 / 6
fc=4MHz /
? ? / ) 7
1 1 i // 2
o a0kt — ol
0 Vpp 0 fc 0 Vbop
3 5 7 (V) 0.1 04 1 4 10(MHz) 2 4 6 (V)
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