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Figure 2-91. Transmitted Data Hold Time at End of Transmit

. 8-bit Receive Mode

Set the control register to receive mode and the SIOS to “1” for switching to receive mode. Data
is received from the Sl pin to the shift register in synchronous with the serial ciock, starting from
the least significant bit (LSB). When the 8-bit data is received, the data is transferred from the
shift register to the SBIDBR. The INTSBI (buffer full) interrupt request is generatad to request of
reading the received data. The data is then read from the SBIDBR by the interrupt service
program.

When the internal clock is used, the serial clock will stop and automatic-wait function will be
initiated until the received data is read from the SBIDBR.

When the external clock is used, since shift operation is synchronized with the clock pulse
provided externally, the received data should be read from the SBIDBR before next serial clock is
input. If the received data is not read, further data to be received is canceled. The maximum
transfer speed when the external clock is used is determined by the delay time between the time
when an interrupt request is generated and the time when received data is read.

Receiving data Is ended by clearing the SIOS to “0” by the buffer full interrupt service program
or setting the SIOINH to “1%. When the SIOS is cleared, received data is transferred to the
SBIDBR in complete blacks. The received mode ends when the transfer is complete. In order to
confirm if data is surely received by the program, set the SIOF (bit 3 in the SBIDBR) to be sensed.
The SIOF is cleared to "0" when receiving is compiete. After confirming that receiving has
ended, the last data is read. When the SIGINH is set, receiving data stops. The SIOF turns “0”
(the received data becomaes invalid, therefore no need to read it).

Note: When the transfer mode is switched, the SBIDBR contents are lost. In case that the mode needs

to be switched, receiving data is concluded by clearing the SI0S to “0”, read the last data, and
then switch the mode.
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fe—————— Clear SI0S

-
SioF 1 \ “?’I___
] |

SEF

SCK pin {foutpuy)

Sl pin

INTSBlinterrupt
request

SBIDBR

5‘ Read received data Read received data

Figure 2-92. Receive Mode {(Example: Internal clock)

¢._8-bit Transmit/Receive Mode
Set a control register to a transmit/ receive mode and write data to the SBIDBR. After the data is
written, set the 510S to “1” to start transmitting / receiving. When transmitting, the data is
output from the SO pin on the leading edges in synchronous with the sarial clock, starting from
the least significant bit (LSB). When receiving, the data is input to the S! pin on the trailing
edges of the serial clock. 8-bit data is transferred from the shift register to the SBIDBR, and the
INTSBI interrupt request occurs. The interrupt service program reads the received data from the
data buffer register and writes data to be transmitted. The SBIDBR is used for both transmitting
and receiving. Transmitted data should always be written after received data is read.
When the internail clock is used, automatic-wait function is initiated until received data is read
and next data is written.
When the external clack is used, since the shift operation is synchrenized with the external clock,
received data is read and transmitted data is written before new shift operation is executéd.
The maximum transfer speed when the external clock is used is determined by the delay time
between the time when an interrupt request is generated and the time when received data is
read and transmitted data is written.
When the transmit is started, after the SIOF goes "1 output from the SO pin holds final bit of
the last data until falling edge of the SCK.
Transmitting / receiving data is ended by clearing the SIOS to “0” by the INTSBI interrupt service
program or setting the SIOINH to “1”. When the SIOS is cleared, reccived data is transferred to
the SBIDBR in complete blocks. The transmit / receive mode ends when the transfer is complete.
In order to confirm if data is surely transmitted / received by the program, set the SIOF (bit3 in
the SBISR) to be sensed. The SIOF becomes “0" after transmitting / receiving is camplete. When
the SIOINH is set, transmitting / receiving data stops. The SIOF turns “0”.

Note: When the transfer mode is switched, the SBIDBR contents are Iost. In case that the mode
needs to be switched, conciude transmitting / receiving data by clearing the 5105 to “0”,
read the last data, and then switch the transfer mode.
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Figure 2-93. Transmit/Receive Mode (Example: internal clock)

SEK pin | |
SIOF L

SQpin bit6 X Bit7inlasttransmitted word i

tsopn = Min. &fc[s] (n normal modg, idle mode)

Figure 2-94. Transmitted Data Hold Time at End of Transmit/ Receive
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2.13  10-bit AD Converter (ADC)

2.13.1 Configuration

VAREF —— DA converter ——I1 vass
Analog input multiplexer Reference
AING [ A voltage
e v—
AIN1 o B Y AL
to G
O—
AING to ‘Analog
AIN7 O———H ‘ comparator
EN | . . .
Successive approximate circuit
EN S ADMD16 .
-  Shift clock i >
AINDS Control circuit y10
g 4 LIAN . ADS fack 4 | EOCF v 4 g8
P6CR ADCCR ADCDR1, ADCDR2H, ADCDR2L
P6 ports )/O control registers AD converter control register AD conversion result register

Figure 2-95. AD Converter (ADQ)
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2.13.2 Control
The AD converter is controlled using the AD converter control register (ADCCR), port P6 1/O control
register (P6CR). Reading EOCF in ADCCR detects the AD converter operating status; reading AD
conversion data register (ADCDR1) or (ADCDR2H), (ADCDR2L) detects AD conversion value.

AD converter control register
7 [ 5 4 3 2 1 0
ADCCR EQOCE/ | ADS | ACK | AINDS SAIN
(OOOEH) I ADMDIE | I ! | 1 |

| {Initial vaiue: 0000 000Q)

0000: Selacts AINQO.
0001: Selects AINO1.
0010: Selects AINO2.
0011: Selects AIND3.
0100: Selects AINO4.
0101: Selects AINQS,
0110: Selects AINOG.
0111: Selects AINO7. RAVW

SAIN Analog input ¢channel select

0: Analog input enabie

AINDS | Analog input control 1 Analog input disable

. . 0: 184/c(11.5 ps at 16 MHz)
ACK Conversion time select 1. 736/c (46 s at 16 MHz)
. o -
ADS AD conversion start 1. AD conversion start
EGCF AD conversion end flag 0 Under conversion or before conversion Read
1: End of conversion only
Number of analog channels | 0: Selects B channels. (AINOO to 07) Write
ADMD16 .
switch 1: reserved only

Note 1: The analag input channef must be selected when the AD conversion is stopped.

Note 2: The ADS is automatically cleared to “0” after starting the AD conversion,

Note 3: The EQCF is cleared to "0” by reading the AD conversion registers such as ADCDR1, ADCDR2H, or
ADCDR2ZL.

Note4: The EOCF is read-anly, so the written data is invalid.

Note5: ADMDI6 is write-only ; cannot be read. Write "0” to ADMD16.

Nate 6:  fc; High-frequency clock [Hz]

Figure 2-96. AD Converter Control Register

AD conversion data registers
6 5 4 3 2 1 Q

a)%g’?:;" IDATAg IDATAB | DATAT : DATAG : DATAS : DATAS i DATAZ : DATA2 | Read enly
6 S a 3 2 1 0

‘(%?)g?SZH | 1 i1 P P b1 DATA9iDATAS] Read only
6 5 4 3 2 1 ¢]

g%gg:)ZL lDATA? DATAG : DATAS i DATA4 I DATA3 | DATA2 | DATA1 ! DATAO’ Read only

Port P& /O control register
7 6 5 4 3 2 1 0

P6CR ————— " .
(000, [ : ; : : : ! ! (Initial value: 0000 0000)
140 control for port P& 0: . Write
PGCR (specified for each bit) 1: } As listed betow only
ADCCR PGCR
ADMD16 AINDS 0 1
0 0 Input port except for the Output port except for the
analog input selected by SAIN | analog input selected by SAIN
1 0 Input port Output port
0 1 Input port Qutput port
1 1 Input port Output port

Figure 2-97. AD Conversion Register and Ports P6 I/Q Control Register

3-47-119 1999-09-29



TOSHIBA TMP88CHA7

2.13.3 AD Converter operation
Apply the analog reference voltage high side to the VAREF pin; apply the analog reference voltage
low side to the VASS pin. AD conversion is performed by dividing, using a ladder resistar, the reference
voltage between VAREF and VASS into voltages corresponding to bits and comparing the divided
voltage with analog input voltage.
Note: VAREF = VDD Please meet this condition by all means.

(1) Starting AD conversion Example with port P6 {(AINOO to AINO7)
Before AD conversian, select a pin among analog input channel pins (AIN7 to AING) using SAIN (bits
3to 0in ADCCR). Zero-clear AINDS (bit 4 in ADCCR) and sets a channel to be used for analog input
to 1 using port P6 /O control register {(P6CR).

Note: The pin that is not used as an analog input can be used as regular inputioutput pins.
During conversion, do not perform output instruction to maintain a precision for all of the
pins.

Sets the AD conversion time using ACK {bit 5 in ADCCR).

The AD conversion is started by setting 1 in ADS (bit 6 in ADCCR).

When ACK =0, a minimum of 184/fc [s] (46 machine cycles) is required from AD conversion start to
conversion result set in ADCDR1 or ADCDR2H/ADCDR2ZL. For example, when fc =8 MHz, the AD
conversion time is 23 us. When AD conversion ends, EQCF (bit 7 in ADCCR) is set to 1 indicating
conversion end.

Setting ADS to 1 during AD conversion initializes and starts conversion from the beginning again.

(2) Reading AD converted value
Read the conversion value stored in the AD conversion data register ADCDR1 or
ADCDRZH/ADCDR2L atter checking conversion end (EOCF = 1). Reading the conversion value
automaticatly zero-clears EOCF. If EOCF is read during AD conversion, an undefined value is read.

ADS rl : I—I I—I

(ADCDR1) ; i i
or X Invalid X Result Y Invalid_x Invalid Result
(ADCDR2H), X X X X
{ADCDR2L) i=Conversion time »: : Conversian time =

: 184/fc [s] : : : 184/fc [s] :
FOCF I ' I I
Processing O OO o— T

44 roA 4 Note: Conversiontime showsa
Read Start Read Start  Start case of ACK=0

Figure 2-98. AD Conversion Timing Chart
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(3) AD conversion in STOP mode

Entering STOP mode during AD conversion aborts AD conversion; the AD conversion value becomes
undefined. Thus, after return from STOP mode, EOCF remains 0. Entering STOP mode after AD
conversion end {EQCF = 1), the AD conversion value and EQCF status are retained.

Example:

SLOOP:

After the AINO4 pin in selected an analog input channel, perform AD conversion.
Check ECCF, read the conversion value, store upper 2 bits at address 009E in RAM;

lower 8 bits at address 009Ey,

, AINSELECT

LD {(ADCCR}, 00100100B
; AD CONVERT START

LD (ADCCRY), 011001008
TEST (ADCCR). 7

JRS T,5LO0OP

; RESULT DATA READ

1D (9EH), (ADCDR2H)
LD {9FH), (ADCDR2L)

;  Selects conversion time and AINO4.

; EQCF=17?
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(4) Notes for the current consumption on the stop mode when using an AD converter

Note 1. Current consumption value (Ipp) on stop mode on D. C. Characteristics chart is not
including the value between VAger — Vass (Irer). TMP88CHA7 do not have function to cut
current between Vager ~ Vass (Irer). To cut IREF on stop mode, maintain VAREF On open
condition by external circuit, or same electrical potential of VASS.

Note 2: Turning to stop mode during the process of AD conversion (ADCCR EOCF =0} aborts the
operation though it does not cut electricity on analog comparator sometimes. Before
turning to stop mode, check AD conversion end flag is “1”. Moreover check EOCF after
AD conversion is finished, and when EQCF terns to “1“, read AD conversion values
(ADCDR1, ADCR2H, ADCR2L) and turn to stop mode. Orif it has been turned to stop mode
without reading AD conversion value, read them after stop mode has released since the
values are maintained. Refer to flowchart 2-99 (a).

C START: Power-ON (Reset) )

INITIALIZE: ; clear the flag (ADSTART)
ADSTART = 0
AD START CONTROL: ; setthe flag (ADSTART)
ADSTART = 1
ADCER (ADS) «— 1 ; starting AD conversion

: ) waiting AD conversion
ADSTART = 1

Yes o

No
ADCCR (EQCF) =1
(Case 2) Yes |«
R UIEE R | (Case 1)
( STOP )
- : ) 4——- STOP cancel
ADCDR! : ) waiting or warm-up time
e
and for X
ADCDR2H T No
and/or ADCCR (EQOCF) =1
ADCDR2L
o : Yes
{ STOP ) Read:
: ADCDR1
: and for
ADCDR2H
and/or
ADCDR2L
....................................................... -
END

Figure 2-99 (a). Example Flow Chart for STOP Mode Control in the AD Converter System
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(5) The relation between Analog Input Voltage and AD Conversion Result

3FF, T ————  Note: AD conversion resultis 10 bit get
- to read ADCDR2H, ADCDR2L
v"
3FEH T Ka
.I
AD 3FDH T -/./
Conversion p
result A .(r(i’
03y + o
OZH T P L
I‘4 ”
Oy T v -
Ed 1 ! ] « ; 1 1 ]
1 T 1 1) T 1 T T VAREF ~ VASS
0 1 2 3 1021 1022 1023 1024 X '_"“‘1“—"024
Anatog input voitage
Figure2-99 (b). Analog Input Voltage vs AD Conversion Result {typ.)
h
1 2 Note: AD conversion resultis 8 bit get
FF e 9
H to read ADCDR1
."
FE T -
./“
.f
AD FDH T 4
Conversion
result IS
03H T
./‘l
OZH o -
./.,
VIR S S
v/.’
e} l l £ i 5 * 'r VAREF — VASS
0 1 2 3 253 254 255 256 X

256
Analog input voltage

Figure2-99 (c). Analog Input Voltage vs AD Conversion Result (typ.)
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Input/ Qutput Circuit
(1) Control pins
The input/output circuits of the 88CH47 are shown below.
Control pin [I{e] Input / Qutput circuitry and Code Remarks
Osc. enable _)iD)— fc
- Resonator connecting pins
XIN Input VDD \Qﬁv i VDD (high-frequency)
XOUT Output Ro Re =1.2MQ  (typ)
D‘ Rop =1.5k{ {typ.)
XIN XouT
tVDD Sink opendrain output
Rin
R Hysteresis input
RESET Ils} Address-trap-reset
SET W : —']—1_\ I 0l- .
atchdog-timer-reset 1l Publ-up resistor
System-clock-reset —PI—L/ Rin =220 k2 (typ.}
R=1k{} (typ.)
[ I R Hysteresis input
STOP/INTS Input R= 1k {typ.)
P20/STOP/INTS @
VoD
R Pull-down resistor
TEST Input Riy =70 kQ (typ.)
Rin R=1k{ {typ.)
Note 1: The TMP88CH47 does not have a pull-down resistor for TEST pin. Must be fixed to “L” level.
Note 2. Insert a protection diode between Vg or Vpp as close to the package as possible
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(2) input/Qutput ports
The input/output circuitries of the 88CH47 input/output ports are shown below.
Port [f[e] Input/Output ¢ircuitry and Code Remarks
initial “Hi-Z2" VDD Tri-state /O
22 /O
disable R R=1ka (typ)
L
|
initial “Hi-z" VDD Tri-state /O
Hysteresis input
P1 [{e]
R=1k{ (typ.)
disable by R
initial “Hi-z* Sink open drain output
P4 >0 l
pg 110 R
@ R=1 ki {typ.)
Note: Insert a protection diode between Vg or Vipp as close to the packaqe as possible.
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Electrical Characteristics

Absolute Maximum Ratings (Ms5=0V)
Parameter Symbol Pins Ratings Unit
supply Voltage Vpo ~-0.3t06.5 v
Input Voltage Vin -03toVpp+0.3 v
VouTt Port P21, P22, RESET, Tri-state port ~03toVpp+0.3 v
Output Voltage B
Vour2 Port P20, Sink open drain port ~0.3t055 Y
louT1 Ports P1, P2, P4, P5, P& 3.2
Qutput Current mA
louTz Port PO 20
ZloyT! Ports P, P2, P4, P5, P6 120
Qutput Current mA
Sloyrz | PortPO &0
Power Dissipation [Topr = 70°C] PD TMP8BCHA7 600 mwW
Solderigg Temﬁpgrratrure (time) ) __'_r__s!d 260{105%) °C
Storage Temperature Tstg -55t0 125 °C
Operating Temperature Topr ~40 10 85 °C

Mote. The absolute maximurn ratings are rated values which must not be exceeded during opération, 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 resuiting in injury to the
user. Thus, when designing products which include this device, ensure that no absolute maximum rating value
wiil ever be exceeded.

Recommended Opeating Conditions {(Vss =0V, Topr= - 401to 85°C)
Parameter Symbol Pins Conditions Min Max Unit
fe= NORMAL mode
Supp|y \,‘oltage VDD 16 MHz IDLE mode 4.5 5.5 v
5TOP mode
A Except hysteresis input Vppx0./0
H1 Y VooZ 4.5V DD

Input High Voltage ViH2 Hysteresis input Vpp x 0.75 Voo v
V4H3 VDD<4-5V VDDXQQO
A\ Except hysteresis input Vpp x 0.30

. VppZ 4.5V

Input Low Voltage Viz | Hysteresisinput 0 Vpp X 0.25 v
Vs Vhn<45V Voo x0.10

Clock Frequency fc XIN, XOUT Vpp=4.5t055V 8.0 16.0 MHz

Mote 1: The recommended operating conditions for a device are operating randitions 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: Clock frequency fe: The condition of supply voltage range is the value in NORMAL and IDLE modes.
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D.C. Characteristics (V55 =0V, Topr= - 40 to 85°C)
Parameter Symbol Pins Conditions Min | Typ. | Max | Unit
Hysteresis Voltage Vs Hysteresis inputs - 0.9 - A
N7 TEST
tnput Current I Sink open drain, Tri-state ports Vop=3.5V +2
nput Cu N2 op rain, Tri-state p Vin=5.5 V0V + oA
Iz RESET, STOP
Rin TEST with pull-down 20 70 170
input Resistor {*) kil
Rin RESET 90 220 | 510
Qutput Leakage n ' drain, Tri v 5V, Vour=5.5V/0V 12
Current oL Sink opendrain, Tri-state ports op=5.5V, Voyur=5.5V - - * uA
High .
Output Hig Vo Tri-state ports Vpp=4.5V, lon= -0.7mA 4.1 - - v
Voltage
foL1 Except XOUT, Ports PO Vpp=4.5V, Vo =04V - 1.6 -
Qutput Low Current mA
lotz Port PO Vpp=4.5V, Vp =10V - 10 -
C ti
;Eg:;:ALutr\;er; 3 Vop=5.5V - | 20 | 32 | maA
Suppl Curr:nte'n Vin=3.3V/0.2V
upply I
=16. —
IDLE Mode fc=16.0 MHz 10 | 16 | mA
Supply Current in Vpp=5.5V uA
STOP Mode Viy=5.3VA0.2V B 051 20

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

Note2: Input Current ljyy, I3, The current through registor is not included, when the input resistor {pull-up or pufl-down}
is contained.

Note 3: IDD except Iggr.

AD Conversion Characteristics (Topr = - 4010 85°C)
Max
Parameter Symbol Conditions Min Typ. ADCDR2 Unit
y YP- | ADCDR1
ACK=0 | ACK=1
V AREF Vop-1.0| — Voo
Analog Reference Voltage Varer - VassZ 3.5V v
Vass Vs — 1.0
Analeg Input Voltage Van Vass —_ V AREF v
Varep=5.5V,
Analog Supply Current IREE | Vass= 0.0V —_ 0.5 1.0 mA
Non-Linearity Error — +1 +3 +2
Zero Point Error Vop=5.0V,Vss=0.0V —_ — +1 *3 2
VAREF =5000V LSB
Full Scale Error Vags=0.000V — — +1 +3 +2
Total Error — — +2 +6 +4

Note 1:  ADCDR!: 8-bit AD conversion result (1L5B = AVAger/256)
ADCDR2: 10-bit AD conversion result  (1LSB = AV aper/1024)
Note 2: Total error includes all errors except quantization error.
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A.C. Characteristics

(Ves =0V, Vpp=4.5105.5V, Topr= - 401t0 85°C)

Parameter Symbol Conditions Min Typ. Max Unit
NORMAL mode
Machine Cycle Time tey 0.25 - 0.5 s
!DLE mode
“H" Level Clock Pulse Width twcH | For external clock operation
31.25 - 62.5 ns
“L” Level Clock Pulse Width twel OGN input)

L Recommended Oscillating Conditions

(VSS =0V, Vpp=4.5105.5V, Topr=~-40to 85°C)

High-frequency Oscillation

illati . Recommended Constant
Parameter Oscillator ?Sc'”at'on Recommended Oscillator n
requency <) Cz
High-fre n MURATA CSA16.00 MIXZ S5pF 5pF
'gh-frequency Ceramic Resonator 16 MHz
Oscillation MURATA C5T16.00 MXW built-in SpF | built-in 5pF
XIN XOUuT

reliable operation.

Note: An electrical shield by metal shield on the surface of IC package should be recommendable in order to
prevent the device from the high electric fieldstress applied from CRT (Cathode Ray Tube) for continuous
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