DATA SHEET

N Ec MOS Integrated Circuit
uPD/78P328

16/8-BIT SINGLE-CHIP MICROCONTROLLER

The uPD78P328 is a product provided by replacing the uPD75328's internal mask ROM with one-time
PROM or EPROM.

The one-time PROM version is programmable only once and is useful for small-lot production of many
different products and early development and time-to-market of application sets.
The EPROM version is reprogrammable, and suited for the evaluation of systems.

Functions are described in detail in the following user's manual. Be sure to read it before designing.
uPD78328 User's Manual: |IEU-1268

FEATURES
* uPD78328 compatible

« For mass-production, the uPD78P328 can be replaced with the uPD78328 incorporating mask ROM
® Internal PROM: 16,384 x 8 bits

* Programmable once only (one-time PROM version without window)

» Erasable with ultraviolet rays and electrically programmable (EPROM version with window)
* PROM programming characteristics: puPD27C256A compatible
® The uPD78P328 is a QTOP™ microcontroller.

Remark QTOP microcontroller is a general term for microcontrollers which incorporates one-time PROM, and
are totally supported by NEC's programming service (from programming to marking, screening, and
verification).

ORDERING INFORMATION

Part Number Package

Internal ROM
uPD78P328CW 64-pin plastic shrink DIP (750 mils) One-time PROM
UPD78P328GF-3BE 64-pin plastic QFP (14 x 20 mm) One-time PROM
UPD78P328DW 64-pin ceramic shrink DIP (750 mils) (with window) EPROM

Functions common to the one-time PROM and EPROM versions are referred to as PROM functions throughout this document.

The information in this document is subject to change without notice.
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PIN CONFIGURATIONS

(1) Normal operating mode
* 64-pin plastic shrink DIP (750 mils)
uPD78P328CW

* 64-pin ceramic shrink DIP (750 mils) (with window)

UPD78P328DW

Remark

P20/NM1 O—=
P21/INTPO O——
P22/INTP1 O——=

P30/TXD O=—=
P31/RXD O=—
P32/SO/SB0 O=—m
P33/SI/SB1 O=—>

P34/SCK O=—|

P80/TO0 O=—=

P81/TO1 O~

P82/TO2 O=—=

P83/TO3 O=—=

P84/TO4 O=—n]

P85/TO5 O=—m

P86/TO6/INTP2 O~—1
P87/TO7/PWM O=—»
Vss O———

X1 0—»]

X2 O—

RESET O——
POO/RTPO O~
PO1/RTP1 O=—m
PO2/RTP2 O~
PO3/RTP3 O~—»
PO4/RTP4 O~
PO5/RTP5 O~
PO6/RTP6 O~
PO7/RTP7 O~
EAO—»

P93/TMD O=—]
P92/TAS O~—

Vss O———
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—O Vop
—O AVbp
+—0 AVREer
~—O P77/ANI7
-—O P76/ANI6
~—0 P75/ANI5
[~—O P74/ANI4
~—O P73/ANI3
«—O P72/ANI2
~—O P71/ANI1
[«~——O P70/ANIO
——O AVss
———O Vop
~—»0O P57/A15
[~—O P56/A14
~—0O P55/A13
~—0 P54/A12
~—0 P53/Al11
~—0O P52/A10
~—=0O P51/A9
~——=0 P50/A8
«—=0 P47/AD7
~—0O P46/AD6
~—0 P45/AD5
[~—0 P44/AD4
~—=0 P43/AD3
~—0 P42/AD2
[~—0 P41/AD1
~—>0 P40/ADO
——O ASTB
~——~0 P9O/RD
«——=0 P91/WR

These pins are compatible with the uPD78328CW pins.
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 64-pin plastic QFP (14 x 20 mm)
uPD78P328GF-3BE
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P80/TO0 O=—=3 49|=——-0CO P71/ANI1
P81/TO1 O=—={4 48|-~——O P70/ANIO
P82/TO2 O=—>{5 47O AVss
P83TO3 O~—{6 46——O Voo
P84/TO4 O=—+{7 45|«—=0O P57/A15
P85/TO5 O~=—=|8 44(~—O P56/A14
P86/TO6/INTP2 O=—=9 43[=—O p55/A13
P87/TO7/PWM O=—=10 42[=—0O P54/A12
Vss O—11 41[-~—OP53/A11
X1 O0—=12 40|=—=O P52/A10
X2 O——13 39|«—=O P51/A9
RESET O—|14 38]-—=O P50/A8
POO/RTPQ O=—15 37|~—O P47/AD7
PO1/RTP1 O=~—=16 36|=——=O P46/AD6
PO2/RTP2 O=—=l17 35[=—0O p45/AD5
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Remark These pins are compatible with the yPD78328GF pins.



NEC LPD78P328

P00-PO7 : Port0 Sl . Serial Input
P20-P22 : Port 2 SO : Serial Output
P30-P34 : Port 3 SB0-SB1 : Serial Bus0-1
P40-P47 . Port 4 RD : Read Strobe
P50-P57 . Port5 WR : Write Strobe
P70-P77 : Port7 ASTB : Address Strobe
P80-P87 : Port 8 EA : External Access
P90-P93 : Port9 RESET . Reset

A8-A15 . Address8-15 'SCK . Serial Clock
ADO-AD7 : Address0-7/Data0-7 TAS : Turbo Access Strobe
ANIO-ANI7 : Analog Input0-7 TMD : Turbo Mode
TOO0O-TO7 : Timer Output0-7 X1, X2 : Crystall, 2

NMI : Nonmaskable Interrupt AVbD . Analog Vobp

PWM . Pulse Wide Modulation Output AVREF : Analog Reference Voltage
INTPO-INTP2 : Interrupt From Peripherals0-2 AVss : Analog Vss
RTPO-RTP7 . Real-Time Port0-7 Vbb . Power Supply

TxD . Transmit Data Vss : Ground

RxD . Receive Data



NEC

uPD78P328

(2) PROM programming mode (RESET =H, AV oo =1L)

* 64-pin plastic shrink DIP (750 mils)

uPD78P328CW

* 64-pin ceramic shrink DIP (750 mils) (with window)

uPD78P328DW
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Vep O———
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——0
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~—=0 D4
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=0 D1
~—=0 DO

———O (Open)

} oL
——o0

Caution The recommended connection of the unused pins in the PROM programming mode are indicated

in parentheses.

L
G
Open :

Connect each pin to V ss via a resistor.

Connect the pinto V ss.

Leave the pin unconnected.
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* 64-pin plastic QFP (14 x 20 mm)
uPD78P328GF-3BE

‘LIJ g @ o 8 é @
O A A>T
— iﬁSGZMGOIiiiSSMSSi
CE O=—|1 51|=—O
(L) O=—=2 O 50|=—O
A8 O=~—3 49 |-—0O ©)
A10 O=—4 48|=—0O
All O=—5 47—O
A12 O=—6 46—O Vb
Al3 O=~—7 45|=—=0O
Al4 O=—~8 44|=—O
L O=—>9 43|=—0O
O=—>10 42|=+—=O L
Vss O—11 41|=~—0O
(G) O—12 40|=—0O
(Open) O——{13 39|=—0O
RESET O—14 38|=—0O
AQ O=—+|15 37|=—=0OD7
Al O=—16 36|=—=0O D6
A2 O=~—l17 35|=—=0OD5
A3 O=—>18 34|=—0O D4
A4 O=—=[19 3|=—0OD3
24 25 27 28

A5 O
AB O=—nN
A7 O~—R
Ver O—= D3
(L){

Vss O——
DO O=—8
D1 O=—+&
D2 =&,

() {

(Open) O=~— 8

Caution The recommended connection of the unused pins in the PROM programming mode are indicated
in parentheses.
L . Connect each pinto V ss via a resistor.
G . Connect the pinto V ss.
Open : Leave the pin unconnected.
AO0-Al4 . Address0-14 AVbD : Analog Vobp
DO-D7 . Data0O-7 Vbb . Power Supply
CE : Chip Enable Vss . Ground
OE : Output Enable Vep . Programming Power Supply
RESET . Reset
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BLOCK DIAGRAM

EXU PROM/RAM BCU
Main RAM — X1
(P20) NMI
Programmable General L
INTPO-INTP2 Interrupt Registers RESET
Controller 128 x 8 — ASTB
(P21, P22, P86) e RD (P90)
Data System e
Memory PROM Cogtrol — WR (P91)
128 x 8
) 16K x 8 Bus | TAS(P92)
& Control  |—= TMD (P93)
: &
Peg&*ﬁrw prefeich |—> A8-A15 (P50-P57)
-] Control - -
((Eg%) Igf 256 X 8 K> ADO-AD7 (P40-P47)
(P82) TO2 Timer/Counter Unit Micro Sequence <:| A0-A14
- -Ti Control -
(pe3) TO3 =—  TRaTTine (—> DOD7 | ore
(P84) TO4 ~— Micro ROM g
l~—— OE
(P85) TO5 ~—] OF
(P86) TO6 ~—-] |« EA/NVep Note
(P87) TO7/PWM @ @
(P22) TUINTPL —»|
(P34) SCK == AVecs K> P00-PO7
(Real-Time Port)
WDT
(P32) SO/SBO =—=1  gerial Interface AVss K1 P20-P22
A/D Converter AVob
(P33) SI/SB1 «—] (SBI) (10-bit) < INTPO <:> P30-P34
(UART) ANIOANI7 Ports <:> P40-P47
(P30) TXD =—— (P70-P77) K—) P50-P57
(P31) RXD ] K1 P70-P77
K> P80-P87
K> P90-P93

2
Voo —+—

2
Vss —+—

Note During PROM programming mode




NEC LPD78P328

CONTENTS

1. PIN FUNCTIONS ... 9
1.1  Normal Operating Mode ... 9
1.2 PROM Programming Mode (RESET = H, AVop =L) ... 11
1.3  Pin Input/Output Circuits and Recommended Connection of Unused Pins ... 12
2. DIFFERENCES BETWEEN pPD78P328 and puPD78328 ... 14
3. PROM PROGRAMMING ... 15
3.1 Operation Mode ... 15
3.2 PROM Write Procedure ... 16
3.3 PROM Read Procedure ... 18
4. ERASURE CHARACTERISTICS (EPROM VERSION ONLY) ... 19
5. WINDOW SEAL (EPROM VERSION ONLY) ... 19
6. ONE-TIME PROM VERSION SCREENING ... 19
7. ELECTRICAL SPECIFICATIONS ... 20
8. PACKAGE DRAWINGS ... 35
9. RECOMMENDED SOLDERING CONDITIONS ... 37
APPENDIX A. DRAWINGS OF CONVERSION SOCKET AND RECOMMENDED FOOTPRINT... 38
APPENDIX B. TOOLS ... 40
B.1 Development Tools ... 40

B.2 Evaluation Tools ... 43
B.3 Embedded Software ... 43



NEC

uPD78P328

1. PIN FUNCTIONS

1.1 Normal Operating Mode

(1) Port Pins

Pin Name | Input/Output | Function Alternate
Function
P00-PO7 | Input/Output | PORTO RTPO-RTP7
4-/8-bit input/output port
Input or output mode can be specified bit-wise.
The port can also operate as a real-time output port.
P20 Input PORT 2 NMI
P21 3-bit input-only port INTPO
P22 INTPL/TI
P30 Input/Output | PORT 3 TxD
P31 5-bit input/output port RxD
P32 Input or output mode can be specified bit-wise. SO/SBO
P33 SI/SB1
P34 'SCK
P40-P47 | Input/Output | PORT 4 ADO-AD7
8-bit input/output port
Input or output mode can be specified in 8-bit units.
P50-P57 | Input/Output | PORT 5 A8-Al15
8-bit input/output port
Input or output mode can be specified bit-wise.
P70-P77 | Input PORT 7 ANIO-ANI7
8-bit input-only port
P80 Input/Output | PORT 8 TOO
P81 8-bit input/output port TO1l
P82 Input or output mode can be specified bit-wise. TO2
P83 TO3
P84 TO4
P85 TO5
P86 TO6/INTP2
P87 TO7/PWM
P90 Input/Output | PORT 9 RD
P91 4-bit input/output port 'WR
P92 Input or output mode can be specified bit-wise. TAS
P93 TMD
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(2) Non-Port Pins (1/2)

Pin Name | Input/Output | Function Alternate
Function

RTPO-RTP7 Output Real-time output port which outputs a pulse in synchronization with the trigger signal from| P00-P0O7

real-time pulse unit (RPU).
NMI Input Edge-detected nonmaskable interrupt request input. P20

The rising or falling edge can be selected for the valid edge by setting the mode register.
INTPO Input Edge-detected external interrupt request input. P21
INTP1 The valid edge can be specified in the mode register. P22/T1
INTP2 P86/TO6
TI Input External count clock input pin to timer 1 (TM1). S22/INTP1
RxD Input Serial data input pin to asynchronous serial interface (UART). P30
TxD Output Serial data output pin from asynchronous serial interface (UART). P31
SO Output Serial data output pin from clocked serial interface in 3-wire mode. P32/SB0
Sl Input Serial data input pin to clocked serial interface in 3-wire mode. P33/SB1
SBO Input/Output | Serial data input/output pins to/from clocked serial interface in SBI mode. P32/SO
SB1 P33/sSI
'SCK Input/Output | Serial clock input/output pin to/from clocked serial interface. P34
ADO-AD7 | Input/Output | Multiplexed address/data bus used when external memory is added. P40-P47
A8-A15 Output Address bus used when external memory is added. P50-P57
TOO Output Pulse output from real-time pulse unit. P80
TO1 P81
TO2 P82
TO3 P83
TO4 P84
TO5 P85
TO6 P86/INTP2
TO7 P87/PWM
PWM Output PWM signal output from real-time pulse unit. P87/TO7
'RD Output Strobe signal output for external memory read operation. P90
WR Strobe signal output for external memory write operation. P91
TAS Control signal output pins to access turbo access manager (UPD71P301). Nete P92
TMD P93
ASTB Output Timing signal output pin to externally latch an address information output to port 4 for —

external memory access.
EA Input For uPD78P328, normally connect the EA pin to Voo. When the EA pin is connected to —

Vss, the pPD78P328 enters the ROMless mode and external memory is accessed.

The EA pin level cannot be changed during operation.

Note Turbo access manager (uPD71P301) is available for maintenance purposes only.

10
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(2) Non-Port Pins (2/2)

Pin Name | Input/Output | Function Alternate
Function

ANIO-ANI7 | Input Analog input to A/D converter. P70-P77

AVRer Input A/D converter reference voltage input. —

AVop — A/D converter analog power supply. —

AVss — A/D converter GND. —

RESET Input System reset input. —

X1 Input Crystal connection pin for system clock generation. To supply external clock, —

X2 — input to the X1 and input reverse signal to the X2 pin (X2 pin can be unconnected.) —

Vob — Positive power supply pin. —

Vss — GND pin. —

1.2 PROM Programming Mode (RESET =H, AV bb=1L)

Pin Name | Input/Output | Function

AVop Input PROM programming mode setting.
RESET

A0-A14 — Address bus.

DO-D7 — Data bus.

CE Input PROM enable to PROM.

OE Input Read strobe to PROM.

Vep — Write power supply.

Voo Positive power supply.

Vss GND.

11
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1.3 Pin Input/Output Circuits and Recommended Connection of Unused Pins

12

Table 1-1 and Figure 1-1 show the pin input/output circuit schematically.

Table 1-1. Pin Input/Output Circuits and Recommended Connection of Unused Pins

Pin Input/Output Recommended connection of unused pins
circuit type
POOPO7/RTPO-RTP7 5 Input state: Independently connect to Voo or Vss via a resistor.
Output state: Leave Open.
P21/NMI 2 Connect to Vss.
P21/INTPO
P27/INTP6/TI
P30/TxD 5 Input state: Independently connect to Voo or Vss via a resistor.
P31/RxD Output state: Leave Open.
P32/SO/SBO 8
P33/Sl/SB1
P34/SCK
P40/AD0-P47/AD0O-AD7 5
P50/P57/A8-A15
P70-P77/ANIO-ANI7 9 Connect to Vss.
P80-P85/TO0-TO5 5 Input state: Independently connect to Voo or Vss via a resistor.
P86/TO6/INTP2 6 Output state: Leave Open.
P87/TO7/PWM 5
P90/RD 5
P91/WR
P92/TAS
P93/TMD
ASTB 4 Leave Open.
EA —
RESET 2 —
AVRer, AVss — Connect to Vss.
Voo — Connect to Voo.
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Figure 1-1. Pin Input/Output Circuits

TYPE 1 TYPE 6
VDD VDD
data P-ch IN/OUT
—1 > P-ch output I
IN di [« N-ch
o4 isable
] data ~———C5 1
N-ch data input enable
control signal f
control input
enable
TYPE 2 TYPE 8
Voo
data >P-ch  njout
»—O
IN output N-ch
disable
Schmitt-triggerred input with hysteresis characteristics
TYPE 4 TYPE 9
Voo L Comparator

data ——+—>—]|f> P-ch ouT

output H;DO—| N-ch

disable
”

Push-pull output that can be placed in high impedance
(both P-ch and N-ch off).

input
enable

TYPES
VDD
data = P-ch njouT
»—oO
output o—{~ N-ch
disable
input
disable

13
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2. DIFFERENCES BETWEEN pPD78P328 and puPD78328

The uPD78P328 is a product provided by replacing the uPD78328's on-chip mask ROM with one-time PROM
or EPROM. Thus, the uPD78P328 and uPD78328 are the same in function except for the ROM specifications such
as write or verify. Table 2-1 lists the differences between these two products.

This Data Sheet describes the PROM specification function. Refer to the uPD78328 documents for details of
other functions.

Table 2-1. Differences between uPD78P328 and uPD78328

ltem | UPD78P328 | uPD78328

Internal program memory One-time PROM EPROM Mask ROM

(electrical program) (programmable only once) (reprogrammable) (nonprogrammable)

PROM programming pin Contained Not contained

Package * 64-pin plastic shrink DIP * 64-pin ceramic shrink DIP * 64-pin plastic shrink DIP
* 64-pin plastic QFP (with window) ¢ 64-pin plastic QFP

Electrical specifications Current dissipations are different.

Others Noise immunity and noise radiation differ because circuit complexity and mask layout are
different.

Caution The noise immunity and noise radiation differ between the PROM and mask ROM versions. To
replace the PROM version with the mask ROM version when shifting from experimental production
to mass production, evaluate your system by using the CS version (not ES version) of the mask
ROM version.

14
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3. PROM PROGRAMMING

The PROM incorporated in the pPD78P328 is a 16,384 x 8-bit electrically writable PROM. For programming,

set the PROM programming mode by using the RESET and AVop pins.
The programming characteristics are compatible with the uPD27C256A programming characteristics.

Table 3-1. Pin Function in Programming Mode

Function Normal Operating Mode Programming Mode
Address input P00-P0O7, P80, P20, P81-P85 AO0-Al4

Data input P40-P47 D0-D7

Chip enable/program pulse P33 CE

Output enable P32 OE

Program voltage EA Vep

Mode control 'RESET, AVop

3.1 Operation Mode
To set the program write/verify mode, set RESET = H and AVop = L. For the mode, the operation mode can be

selected by setting the CE and OE pins, as listed in Table 3-2.
To read the PROM contents, set the read mode.

Connect the unused pins exactly as indicated on Pin Configuration.

Table 3-2. PROM Programming Operation Mode

Mode 'RESET AVop CE OE Vep Voo D0-D7

Program write H L L H +12.5V +6V Data input
Program verify H L Data output
Program inhibit H H High impedance
Read L L +5V +5V Data output
Output disable L H High impedance
Standby H L/H High impedance

Caution When V ppis setto +12.5 V and V ob is set to +6V, setting both CE and OE to L is inhibited.

15
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3.2 PROM Write Procedure
The write procedure into PROM is as follows: (See also Figure 3-2).
(1) Fix RESET = H and AVob = L. Connect other unused pins exactly as indicated in section "Pin Configuration."
(2) Supply +6 V to the Vob and +12.5 V to the Vep pin.
(3) Supply an initial address.
(4) Supply write data.
(5) Supply 1 ms program pulse (active low) to the CE pin.
(6) Execute the verify mode. Check whether or not the write data is written normally.
e When it is written normally: Proceed to step (8).
* When it is not written normally: Repeat steps (4) to (6).
If the data is not written normally after 25 repetitions of the steps, proceed to step (7).
(7) Assume the device to be defective. Stop write operation.
(8) Supply write data and X (number of steps (4) to (6) repetitions) x 3 ms program pulses (additional write).
(9) Increment the address.
(10) Repeat steps (4) to (9) to the last address.

Figure 3-1 shows the PROM Write/Verify Timing Steps (2) to (8) above.

Figure 3-1. PROM Write/Verify Timing

X-time repetition

<«—— Write <«—— Verify Additional
data write
))
] (4
AO-Al4 X Address input ><

)
€

Hi-Z Data Hi-Z Hi-Z
oy oo o -
+125V R
Vpp /
Voo

CE (input)—\_/ N \ /
_ <8
OE (input) \ /

16
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Figure 3-2. Write Procedure Flowchart

1) ( WRITE START )

'

2) Supply power

3) Supply initial address
(4) Supply write data
(5) Supply program pulse

Write NG
(after 24
repetition or less)

Write NG

Verify mode

(at the 25th repetition)

Write OK
®) Make additional write X:  Number of write
(3X ms pulses) repetitions
9) Increment address

'

< end address

End address

> end address (7

Y

( WRITE END

) C

Defective device )

17
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3.3 PROM Read Procedure
The read procedure of the PROM contents into the external data bus (D0-D7) is as follows.
(1) Fix RESET = H and AVop = L. Connect other unused pins exactly as indicated on Pin Configuration.
(2) Supply +5 V to the Voo and Vep pins.
(3) Input the address of the data to be read to the A0-Al14 pins.
(4) Execute the read mode.
(5) The data is output to the DO-D7 pins.

Figure 3-3 shows the PROM read timing steps (2) to (5) above.

Figure 3-3. PROM Read Timing

Address input X

A0-A14

CE (input)

OE (input) \ /
DO-D7 ========== HiZ e s < Data output >—---':"-'Z---

18
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4. ERASURE CHARACTERISTICS (EPROM VERSION ONLY)

The data written into the yPD78P328DW program memory can be erased (FFH) and new data can be rewritten
into the memory.

To erase data, apply light with a wave length shorter than 400 nm to the window. Normally, apply ultraviolet rays
having the 254-nm wave length. The radiation amount required to completely erase data is as follows:

 Ultraviolet strength x erasure time: 15 Wes/cm? or more
e Erasure time: 15 to 20 minutes when a 12,000 uW/cm? ultraviolet lamp is used. However, the time may be
prolonged due to ultraviolet lamp performance deterioration, dirty window, etc.

For erasure, place an ultraviolet lamp at a position within 2.5 cm from the window. If a filter is attached to the
ultraviolet lamp, remove the filter before applying ultraviolet rays.

5. WINDOW SEAL (EPROM VERSION ONLY)

If the uPD78P328DW window is exposed to sunlight or fluorescent lamp light for hours, EPROM data may be
erased and the internal circuit may operate erroneously. To prevent such accidents from occurring, put a protective
seal on the window.

A protective seal whose quality is guaranteed by NEC is attached to every EPROM version with window at
shipment.

6. ONE-TIME PROM VERSION SCREENING

The one-time PROM versions (uPD78P328CW, 78P328GF-3BE) cannot be completely tested by NEC for
shipment because of their structure. For screening, it is recommended to verify PROM after storing the necessary
data under the following conditions:

NEC provides chargeable services ranging from one-time PROM writing to marking, screening, and verification
for QTOP microcontroller products. For details, contact an NEC sales representative.

Storage temperature | Storage time
125°C 24 hours

19
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7. ELECTRICAL SPECIFICATIONS

Absolute Maximum Ratings (Ta = 25 °C)
Parameter Symbol | Test Conditions Ratings Unit
Power supply voltage Vob -0.5t0 +7.0 \%
Voo —0.5 to Voo +0.5 \%
Vep -0.5to +13.5 \%
AVss -0.5to0 +0.5 \%
Input voltage Vi Note 1 —0.5 to Voo +0.5 Vv
Vi P20/NIM (A9) PIN -0.5t0 +13.5 V
Output voltage Vo —0.5 to Voo +0.5 \%
Output current, low lou All output pins 4.0 mA
Total for all pins 920 mA
Qutput current, high low All output pins -1.0 mA
Total for all pins -20 mA
Analog input voltage Vian Note 2 AVop > Vop -0.5 to Voo +0.5 \%
Vop = AVob -0.5 to AVop +0.5 \%
A/D converter reference AVRrer AVop > Vob -0.5 to Voo +0.3 \Y
input voltage Vop = AVop -0.5 to AVop +0.3 \%
Operating ambient temperature | Ta -10to +70 °C
Storage temperature Tstg —65 to +150 °C

Notes 1. Pins except for P20/NMI (A9), P70/ANIO-P77/ANI7
2. P70/ANIO-P77/ANI7

Caution Product quality may suffer if the absolute maximum rating is exceeded for even a single parameter,
even momentarily. In other words, the absolute maximum ratings are rated values at which the
productis on the verge of suffering physical damage, and therefore the product must be used under

conditions which ensure that the absolute maximum ratings are not exceeded.

Recommended Operation Conditions

Oscillation frequency

Ta

Voo

8 MHz < fxx < 16 MHz

-10to +70°C

+5.0 V 5%

Capacitance (Ta=25°C, Vss=Vob=0V)

Parameter Symbol Test Conditions MIN. | TYP. |[MAX. |Unit
Input capacitance Ci f=1MHz 10 pF
Output capacitance Co Unmeasured pins returned to 0 V 20 pF
1/0 capacitance Cio 20 pF
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Oscillator Characteristics

(TA=-10to +70 °C, Vop = +5 V5%, Vss = 0 V)

Resonator Recommended Circuit Parameter MIN. MAX. Unit
Ceramic or crystal Oscillation frequency (fxx) 8 16 MHz
resonator
X2 X1 Vss
'=c2 =c1 ||
: -
e
External clock X1 input frequency (fx) 8 16 MHz
HCMOS
Inverter
or
X1 X2 X1 input rise, fall time (fxr, txF) 0 20 ns
Open
HCMOS X1 input high, low level width 25 80 ns
Inverter
(twxH, twxi)

Caution When using the system clock oscillator, wire the portion enclosed in dotted line in the figure as

follows to avoid adverse influences on the wiring capacitance:

Keep the wiring length as short as possible.
Do not cross the wiring over the other signal lines. Do not route the wiring in the vicinity of
lines through which a high fluctuating current flows.
Always keep the ground point of the capacitor of the oscillator circuit at the same potential as

Vss.

Do not extract signals from the oscillation circuit.

Recommended Oscillator Constants

Ceramic resonator

Do not connect the power source pattern through which a high current flows.

Manufacturer Name Part Number Frequency Recommended
[MHZz] Constants
C1[pF] |C2][pF]
MURATA CSA8.00MT 8.0 30 30
CSA12.0MT 12.0
CSA16.00MX040 16.0 15 15
CST8.00MTW 8.0 Internal Internal
CST12.00MTW 12.0
CST16.00MXWO0C3 16.0
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DC Characteristics (Ta =-10to +70 °C, Vob = +5 V #5%, Vss = 0 V)

Parameter Symbol | Test Conditions MIN. TYP. |MAX. Unit
Input voltage, low Vi 0 0.8 \%
Input voltage, high ViH1 Note 1 2.2 \%
ViH2 Note 2 0.8Vop
Output voltage, low VoL lor = 2.0 mA 0.45 \%
Output voltage, high Vo lon = —400 A Voo—1.0
Input leakage current Iu 0V <Vi<Voo +10 UA
Output leakage current ILo 0V < Vo < Vop +10 UA
Voo power supply current Ipp1 Operation mode 45 75 mA
lop2 HALT mode 25 45 mA
Data retention voltage Vooor | STOP mode 2.5 \%
Data retention current Iobor STOP mode | Vooor = 2.5V 3 15 UA
Vooor = 5.0 V £5% 10 50 HA

Notes 1. Pins except for RESET, X1, X2, P20/NMI, P21/INTPO, P22/INTP1/TI, P86/INTP2/TO0, P32/SO/SBO,
P33/SI/SB1, or P34/SCK.
2. RESET, X1, X2, P20/NMI, P21/INTPO, P22/INTP1/TI, P86/INTP2/TO0, P32/SO/SBO, P33/SI/SB1, or
P34/SCK pins.
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AC Characteristics (Ta=-10to +70 °C, Vbp = +5 V £5%, Vss = 0 V)
Discontinuous read/write operation (when general-purpose memory is connected)

Parameter Symbol Test Conditions MIN. MAX. Unit
System clock cycle time tevk 125 250 ns
Address setup time (to ASTB 1) tsasT 22 ns
Address hold time (from ASTB 1) tHsTA 32 ns
Address — RD | delay time tpAr 85 ns
RD { - address float time trra 8 ns
Address - data input time toaiD 222 ns
RD | - data input time toriD 112 ns
ASTB | — RD ! delay time tosTR 42 ns
Data hold time (fromﬁ 1) tHRID 0 ns
RD 1 - address active time torRA 37 ns
RD low-level width twrL 147 ns
ASTB high-level width twsTH 37 ns
Address - WR | delay time toaw 85 ns
ASTB | - data output time tosTop 102 ns
WR | - data output time towob 40 ns
ASTB | — WR | delay time tostw 42 ns
Data setup time (to WR 1) tsopw 137 ns
Data hold time (from WR 1) tHwop 32 ns
WR 1 - ASTB | delay time towst 42 ns
'WR low-level width twwL 147 ns
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tcyk-Dependent Bus Timings

Parameter Calculation expression MIN./MAX. Unit
tsasT 0.5T - 40 MIN. ns
tHsTA 0.5T - 30 MIN. ns
toar T-40 MIN. ns
toAD (25+n)T-90 MAX. ns
torID (1L5+n)T-75 MAX. ns
tosTr 0.5T - 20 MIN. ns
torRA 0.5T-25 MIN. ns
twRL (L.5+n)T-40 MIN. ns
twsTH 0.5T - 25 MIN. ns
toaw T-40 MIN. ns
tostop 0.5T + 40 MAX. ns
tostw 0.5T - 20 MIN. ns
tsoow 1.5T - 50 MIN. ns
tHwop 0.5T - 30 MIN. ns
towsT 0.5T - 20 MIN. ns
twwi (1.5+n)T-40 MIN. ns

Remarks 1. T =tcvk = 1/fcik (fewk is the internal system clock frequency and is provided by dividing fxx or fx by two).

2. nis the number of wait cycles defined by user software.

3. Only parameters listed in the table are dependent on tcyk.
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Serial Operation (Ta =-10to +70 °C, Vbp = +5V £5%, Vss = 0 V)

Parameter Symbol Test Conditions MIN. MAX. Unit
Serial clock cycle time teysk Input External clock 1 us
Output Internal divide by 8 8T tevk
Internal divide by 32 32T tevk
Serial clock high-level width twskL Input External clock 420 ns
Output Internal divide by 8 4T-80 ns
Internal divide by 32 16T-100 ns
Serial clock high-level width twskH Input External clock 420 ns
Output Internal divide by 8 4T-80 ns
Internal divide by 32 16T-100 ns
Sl setup time (to SCK 1) tsrRxsk 80 ns
Sl hold time (from SCK 1) tHSKRX 80 ns
SO/SBO, SI/SB1 tosesk1 CMOS push-pull output 0 210 ns
output delay time (fromﬁ 1) (3-wire serial 1/0 mode)
tosesk2 Open drain output 0 600 ns
(SBI mode), RL = 1 kQ
SBO0, SB1 high hold time (from SCK 1) | tusesk SBI mode 4T tevk
SBO, SB1 low setup time (from SCK 1)| tssesk AT tovk
SBO, SB1 low-level width twssL 4T-20 ns
SBO, SB1 high-level width twesH 4T-20 ns

Remark T =tcvk = 1/fck (fewk is the internal system clock frequency and is provided by dividing fxx or fx by two.)
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Other operations (Ta =-10to +70°C, Vbobp = +5 V5%, Vss = 0 V)

Parameter Symbol Test Conditions MIN. MAX. Unit

NMI high-, low-level widths twNIH, 5 us
twniL

INTPO high-, low-level widths twioH, 8T tevk
twioL

INTP1 high-, low-level widths twiH, 8T tevk
twitL

INTP2 high-, low-level widths twizH, 8T tevk
twizL

RESET high-, low-level widths twrsH, 5 us
twrsL

TI high-, low-level widths twriH, ™1 8T tevk
twriL In the event counter mode

Remark T =tcyk = U/fcwk (fewk is the internal system clock frequency and is provided by dividing fxx or fx by two.)

External clock timing (Ta =-10to +70°C, Vbp = +5 V5%, Vss = 0 V)

Parameter Symbol Test Conditions MIN. MAX. Unit

X1 input high-, low-level widths twxH, 25 80 ns
twxi

X1 input rise, fall times xR, 0 20 ns
txF

Tl input cycle time tevk 62 125 ns
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A/D Converter (Ta=-10to +70°C, Vbp = +5 V+5%, Vss = AVss = 0 V, Vop —0.5 V < AVbp < Vbb)

Parameter Symbol Test Conditions MIN. TYP. MAX. Unit
Resolution 10 bit
Total error Nete? 4.5V < AVrer < AVop +0.4 %FSR
3.4 V < AVrer < AVop +0.7 %FSR
Quantification error +1/2 LSB
Conversion time tconv 144 tevk
Sampling time tsamp 24 tevk
Zero scale error Nowl 4.5V < AVrer < AVop +1.5 2.5 LSB
3.4 V < AVrer < AVop +1.5 +4.5 LSB
Fullscale error Notet 4.5V < AVrer < AVop +1.5 +2.5 LSB
3.4V < AVrer £ AVop +1.5 +4.5 LSB
Nonlinear error Netel 4.5V < AVrer < AVop +1.5 +2.5 LSB
3.4 V < AVrer < AVop +1.5 +4.5 LSB
Analog input voltage Note? Vian -0.3 AVbp \%
Basic voltage AVRer 3.4 AVoo \%
AVrer current AlRer 1.0 3.0 mA
AVop supply current Alpp 2.0 6.0 mA
A/D converter data Alpppr STOP mode AVopor = 2.5V 2.0 10 HA
retention current AVooor = 5 V5% 10 50 LA

Notes 1. Quantization error is excluded.
2. When —0.3 V < Vian £ 0 V, conversion result is 000H.
When 0 V < Vian < AVRrer, conversion is executed by 10-bit resolution.
When AVrer < Vian < AVbp, conversion result is 3 FFH.

Standby flag retention characteristics (TA=-10°C to 70°C)

Parameter Symbol Test Conditions MIN. MAX. Unit

Standby flag retention power supply voltage \bpDR 2.5 5.5 \%

Voo rising, falling time trvD, 200 ns
trvp

AC Timing Test Points

Vop— 1V
0.8Vppor2.2V Test 0.8Vppor22V
><0.8 v Points< 0.8V ><
0.45V
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Timing Wave Forms
Discontinuous Read Operation

tevk

P50-P57 7 - —7—
(output) ><< High-order address >§‘ High-order address
toaip.
le—tsAsT.
P40-P47 Low-order address i-Z A ; Hi-Z 7 Low-order address \Hi-Z
@(inputoutputy <<_(°“tp“t) ===« bata (input) === " oupuy >' -
‘fftwsma thriD —
A
P50-P57 / _ / \
(output) re—tHsTA—>
H‘ trRA
RD s
RD (output) . b,
t<+ tDSTR —>|
torRID [«—1tDRA —>
<« tDAR——»
twrA

Discontinuous Write Operation

cw [/ \__ / /S /S

/
N

High-order address

>< High-order address

le—{SAST—»|

¢ Low-order address )

N (output) i>< X;

Data (output)

Low-order address
(output)

P50-P57

(output) ><
P40-P47 7
(input/output) >§

ASTB /

(output)

—twsTH—>

[+ tHsTA—>|

tosTop

WR (output)
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Serial Operation
Three-Wire Serial 1/0 Mode:

<—twskL— |<+—twski

SCK / \ 3

tsrxsK| |tHSKRX

teysk

tosBeski
SO X Output data X X

>
N

SBI Mode
Bus Release Signal Transfer

SCK
thsesk— +— twssL

SBO

Command Signal Transfer

=tk twskr
SCK / m ! 1 \ /
< tusesk tsspsk—> tovsk : : thssk —
-DSBSK2 -SSSK
SBO / X A 10 data
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Interrupt Input Timing

NMI

INTPO

INTP1

INTP2

Reset Input Timing

RESET
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External Clock Timing

X1

Standby Flag Retention Timing

Tl Pin Input Timing

twriH twrie

TI
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DC Programming Characteristics

(TA=25+5°C, Vss = 0 V)

Parameter Symbol | Symbol| Test conditions MIN. TYP. | MAX. | Unit
Notel
Input voltage, high ViH VIH 2.2 Voop \%
+0.3

Input voltage, low Vi Vi -0.3 0.8 \%

Input leakage current Iup Iu 0 < Vi £ Vppp Noe2 +10 HA

Output voltage, high Von Vo lon = -400 pA 2.4 \%

Output voltage, low VoL VoL loo=2.0 mA 0.45 V

Input current lag — A9 (P20/NMI) pin +10 HA

Output leakage current ILo — 0 < Vo < Voop, OE = Vin 10 HA

PROG pin high voltage input lip — +10 HA

current

Voor power supply voltage Voop Voo Program memory write mode 5.75 6.0 6.25 \
Program memory read mode 4.5 5.0 5.5 \%

Vep power supply voltage Vep Vep Program memory write mode 12.2 12.5 12.8 \%
Program memory read mode Vep = VooP V

Voor power supply current loo lop Program memory write mode 10 30 mA
Program memory read mode 10 30 mA
CE = Vi, OE = Vin

Vee power supply current lpp lep Program memory write 