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uPD78C10/C11/C14

8-BIT, SINGLE-CHIP
CMOS MICROCOMPUTERS
WITH A/D CONVERTER

Description

TheyPD78010 uPD78C11, andyPD78014smgle chip
microcomputers integrate sophisticated on-chip per-
ipheral functionality normally provided by external
components. The devices'internal 16-bit ALU and data
paths, combined with a powerful instruction set and
addressing, make them appropriate in data processing
as well as control applications. The devices integrate a
16-bit ALU, 4K-byte ROM, 256-byte RAM with an 8-
channel A/D converter, a multifunction 16-bit timer/
event counter, two 8-bit timers, a USART, and two
zero-cross detect inputs on a single die, allowing their
use in fast, high end processing applications. This
involves analog signal interface and processing.

The uPD78C11 is a 4K-byte mask ROM high-volume
production device embedded with custom customer
program. The uPD78C14 is a 16K-byte mask ROM
device. The uPD78C10 is a ROM-less version for
prototyping and small volume production. = * °

Features

0O CMOS technology -
— 2.5 t0 6.0 V operating range
— 30 mA operating current
O Complete single-chip microcomputer
— 16-bit ALU
— 4K x 8 ROM (78C11)
— 16K x 8 ROM (78C14)
— 256-byte RAM
0 44 1/0 lines
0 Two zero-cross detect inputs
O Two 8-bit timers .
0 Expansion capabilities - -.
— 8085A bus-compatible - "
— 60K-byte external memory address range = -
O 8-channel, 8-bit A/D converter
~—Autoscanmode . - il -
— Channel select mode
0 Full duplex USART . .
— Synchronous and asynchronous
[ 154 instructions . :
— 16-bit arithmetic, multlply and divide
— HALT and STOP instructions
1 1 us instruction cycle time (12 MHz operatlon)
O Prioritized interrupt structure - S
— 3 external
— 8 internal
O standby function
-0 On-chip clock generator
O 64-pin plastic QUIP, shrink DIP, or flatpack

Ordering Information

Max Frequency
Part Number Package Type of Operation
uPD78C10G-36 64-pin plastic QUIP 12 MHz
4PD78C11G-36
uPD78C14G-36
uPD78C10CW 64-pin plastic shrink DIP 12 MHz
pPD78CI1CW
uPD78C14CW
uPD78C10G-18 64-pin plastic miniflat 12 MHz
uPD78C11G-1B -
4PD78C14G-1B .
uPD78CI0L 68-pin PLCC 12 MHz
upPD78G11L (available 3086)
#PD78C14L

Pin COnfiQurations

64-Pin QUIP or Shrink DIP

PAy 1 [AVoo
PA1 ]2 [OsTOP
pA2[]3 [(1PD7
PA3 L] F1PDg
pas[]s [ 1PDs
PAs 16 [1PDa
Pag 7 [1PD3
pPa7[]8 [1PD2
pBol] s6{1PD1
pei[]10 ss5[JPDo
PB2C] 11 s4[1PFy
pB3 12 v 53[)PFs
PB4 ]13 52|1PFs
PBs 114 g 51[]PFs
pBsJ15 = - SO[PFs
pezCjie . . PR
pcyTan]i?7 5§  48[IPFs
PCy/RxD [] 18 E s haero
PC2/5CK ] 19 & aspALe
PC3/TUINT2 [} 20 Wi
pCyTO 21 a4 AD
PCs/CI ] 22 437 AVpD
PCg/COg ] 23 42 ] VAREF
PC7/cO1 ] 24 siany
NMiC}2s 40 JANg
iNT1[]26 . 39[OANs
MODE1 [} 27 sloAN,
RESET(]28 7 ANg
MODEO[]28 36 [ ] AN2
x2[J30 351ANT |
X131 34|} ANg
Vss []32 A3[JAVss .
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Pin Identification
Symbol - Function
PAQ-PA7 Port A0
PBg-PB; Port81/0
PCo/TxD . PortG1/0 line 0/Transmit data output
PG4/RxD - Port € 1/0 line 1/Receive data input
PC2/SCK " Port G 1/0 fine 2/Serlal clock 1/0
PC3/TI/INT2 -Port € 1/0 line 3/Timer input/Interrupt
request 2 input -
PC4/TO Port C i/0 line 4/Timer output
PCs/Cl . Port C1/0 line 5/Counter input
PCg, PC7/G0p, CO4 Port C 1/0 tines 6, 7/Counter outputs 0, 1
NI Nonmaskable interrupt input
INT1  Interrupt request 1 input
MODE1 Mode 1 input/Memory cycle 1 output
RESET _Reset input o
MODEO Mode 0 input/1/0/Memory output
X1, X2

Crystal connections 1,2

Pin Identification (cont)

Symbol " Function

Vss Ground .

AVgg A/D converter power supply ground

ANg-AN7 A/D converter analog inputs 0-7

VAREF A/D converter reference voitage -

AVpp A/D converter power supply voltage

R Read strobe output” ’

WR .. ) Write strobe output -

ALE - - Address latch enable output

PFo-PF7 Port F 1/0/Expansion memory address bus

L ~ (bits 8-15) :

POGPD; " PortDI/O/Expansion memory address/
: : data bus ©

§T0P " Stop mode control input

Vpp ' © -5V power supply

Pin Functions |
PAg-PA7 [Port A}

Port A is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Reset makes all lines of port A inputs.

PB,-PB7 [Port B]

Port B is an 8-bit three-state .port. Each bit is in-
dependently programmable as either input or output.
Reset makes all lines of port B inputs. =

PCy-PC7 [Port C]

Port C is an 8-bit three-state port. Each bit is in-
dependently programmable as either input or output.
Alternatively, the lines of port C can be used as control
lines for the USART and timer. Reset puts all lines of
port C in port mode, input. . S

TxD [Transmit Data]. Serial data output terminal.
RxD [Recelve Data]. Serial data input terminal.

SCK [Serial Clock]. Output for the serial-clock when
internal clock is used. Input for serial clock when

external clock is used. - - o

T[T ! t..T' [ |
I [Timer Input]. Tim witw. DataSheetdl.com
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INT2 [Interrupt Request 2]. Falling-edge-triggered,
maskable interrupt input terminal and AC-input, zero-
cross detection terminal. - :

TO [Timer Output]. The ohtput of TO is a square wave
with a frequency detérmingd by the timer/counter. -

Cl [Counter Input). E)(temél'pulse input to timer/event
counter. - )

€0, CO¢ [Counter Qutputs 0, 1]. Programmabie
rectangular wave outputs based on timer/event counter.

PDo-PD7 [Port D] -

PortDis an 8-bit three-state port. It can be programmed
as eijther 8 bits of input or 8 bits of output. When
external expansion memory is used, port D acts as the
mutltiplexed address/data bus.

PFqo-PF7 [Port F]

Port F is an 8-bit three-state port. Each bit is
independently programmable as an input or output.
When external expansion memory Is used, port F
outputs the high-order address bits.

ANg-AN7 ;

These are the eightanalog inputs to the A/D converter.
AN4-AN7 can also be Used as a digital input for falling
edge detection. :

AVss [A/D Converter Power Ground] _
AVgs is the ground potential for the A/D converter
power supply. :

NMI [Nonmaskable Interrupt]
Falling-edge-triggered nonmaskable interrupt input.

INT1 [Interrupt Request 1]~

INT1 is a rising-edge-triggered, maskable interrupt
input. it is also an AC-input, zero-cross detection
terminal,

RESET [Reset]

When the RESET input is brought low, it initializes the
device.

MODE1, MODEO [Mode 1, 0]

The MODE1 and MODEQ inpdts select the memory
expansion mode. MODE1 also outputs the M1 signal
during each opcode fetch. MODEDO outputs the [O/M
signal.

Varer [A/D Converter Reference] '
VaRer sets the upper limit for the A/D conversion

range.

AVDb [A/D Converter Power]
This is the power supply voltage for the A/D converter.

RD [Read Strobe)

The RD output goes low to gate data from external
devices onto the data bus. RD goes high during reset.
Three-state.

WR [Write Strobe]

The WR output goes low to indicate that the data bus
holds valid data. It is a strobe_signal for external
memory or I/O write operations. WR goes high during
reset. Three-state.

ALE [Address Latch Enable]

The ALE output latches the ad'aress signal to the
output of PDg-PD;.

" X1, X2 [Crystal Connections 1,2)

X1 and X2 are the system clock crystal oscillator
terminals. X1 is the input for an external clock.

" Vgs [Ground]

Ground potential.

STOP [Stop Mode Control Input]

A low-level input on STOP stops the system clock
oscillator.

Vpp [Power Supply]
+5 V power supply.

wyw.DataSheetdU.com
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Block Diagram ' T
X; O—— - 16 —-‘
OQsc.
X2 0—1
16 % PF~PFy
- - 5 (AB,s-ABy)
PC,/TxD CID Inc./Dec,
PC,/RxD O—»]  Serigl O PC -
5P
- PC,IS‘EE Ows] T 12 m
v A e
B C | Maln a
G.R. PD,-PD,
S R P | = bl B e
N 0—»| H L
tnferrupt L EA’ Memory
. Conl
fNT1 0= v Y (Note 1) L]
= o | A Data
B - e G.R. Memory
D E | (256-byte)
) W T
] Butfer (<)
| (ENE PC,-PC,
_PCTUINTZ . 4

Timer
PC,/TO O« 8 L
. Internal Data Bus h )
PCy/Cl Timer/ R
i PCyCO, O] Event , ) : a
-  Pe,ico, 0= COunter 8 . 8 5 ﬂ PB,-PB,
AN, -AN, E> Inst. Reg. L
Vaner 0% AD cz>
Avpp o= ST VL Inst. _1 i
AVgs O] ) -
ﬂ b ﬁ PAy-PA,
K 7~ Mo
14 - L
‘:‘ N
Read/Write System Standby
Control Control Control
Note:
(1] On-Chip ROM: : . H > .
78C10: 0
78C11: 4096 Bytes o v . .
78C14: 16,384 Byles R H  ALE MODE1 MODE0 RESET STOF Vpp Vss °
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Functional Descrip_tion

Memory Map

The uPD78C11 can directly address up to 64K bytes of
memory. Except for the on-chip ROM (0-4095) and RAM
(65,280-65,335), any memory location can be used as
ROM or RAM. The memory map, figure 1, defines the 0
to 64K byte memory space for the uPD78C11. On-chip
ROM is located from 0-16,383 in the uPD78C14.

Input/Output

The uPD78C10/C11/C14 has 8 analog input lines
(ANg-ANy), 44 digital I/O lines, five 8-bit ports (port A,
port B, port C, port D, port F), and 4 input lines
(AN4-AN3).

Analog InputLines. ANg-AN; are configured asanalog
input lines for on-chip A/D converter.

Port A, Port B, Port C, Port F. Each line of these ports
can be individually programmed as an input or output.
When used as I/0 ports, all have latched outputs and
high-impedance inputs. ; -

Port D. Port D can be programmed as a byte input ora
byte output.

AN4-ANy. The high-order analog input lines, AN4-ANy,
can be used as digital input lines for falling-edge
detection.

Control Lines. Under software control, each line of port
C can be configured individually to provide control
lines for the serial interface, timer, and timer/counter.

Memory Expansion. In addition to the single-chip
operation mode, the uPD78C11 has four memory
expansion modes. Under software control, port D can
provide a multiplexed low-order address and data bus;
port F can provide a high-order address bus. Table 1
shows the relation between memory expansion modes
and the pin configurations of port D and port F.

Table 1. Memory Expansion Modes and Port

Conlfigurations
Memory '
Expansion Port Configuration
None © PortD 110 port
Port F 110 port
256 Bytes PortD Multiplexed address/data bus
Port F 1/0 port .
4K Bytes PortD Multiplexed address/data bus
Port Fg-F3 Address bus
Port F4-F7 1/0 port
16K Bytes PortD Multiplexed address/data bus
Port Fg-Fs Address bus
Port Fg-F7 110 port
60K Bytes Port D Muitiplexed address/data bus
Port F Address bus
Timers

There are two 8-bit timers. The timers may be program-
med independently or may be cascaded and used as a
16-bittimer. The timer can be software set to increment
at intervals of four machine cycles (1 us at 12 MHz
operation) or 128 machine cycles (32 us at 12 MHz), or
to increment on receipt of a pulse at TI. Figure 2 is the
block diagram for the timer.

Timer/Event Counter

The 16-bit multifunctional timer/event counter (figure
3) can be used for the following operations:

® |nterval timer

® External event counter

¢ Frequency measurement

® Pulse width measurement

® Programmable square-wave output

www.DataSheetdU.com
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Figure 1. Memory Map I
o [ Reset/Standby Release
L internal ROM L 4 1RGO
o 4,096 Bytes: 78C11 ot
W 16,384 Bytes: 78C14 '}
- - - 8 IRQ1
10H IRQ2
- L External
A Memory A
T’ 61,184 Bytes: 78C11 18H 1RG3
49,152 Byles: 78C14
- 204 1RQ4
FEFFH
FFOOH
Internal RAM
256 Bytes x 8 26H IRGS
FFFFH
L
60H SoftINT
J
. - 80H Low ADDR
81H High ADDR
82H Low ADDR
catiTabte—] & High ADDR
ﬁ.,
BEH Low ADDR
BFH High ADDR
User's Area
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Figure 2. mer Block Diagram
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Figure 3. Block Diagram for Timer/Event Counter

LT

. Timet/Event Counter
! Capture Reglster

1=

Timer/Event
Counter Upcounter

it

P,
e —D—om.lcoo

{: Systein clock frequency (MHz).

w —J1
CP, Output
. enl - Control
< L J > il ——D—owcm
. Comparator. Comparator
& ™ < >
CPy
|——e INTEO
CPy
Timer/Event Timer/Event Control |— INTE1
Counter Register1 Counter Register 0
EN °
& > <& > |— INTEIN
¢
y Internal Bus i
i )
Edge
Detect
Notes: 1CL = 3/f(250ns: 12MHz

49-000633C

8-Bit A/D Converter

e 8 input channels
e 4 conversion result registers
e 2 powerful operation modes
— Autoscan mode
— Channel select mode
® Successive approximation technique
e Absolute accuracy: 0.6% +1/2 LSB
e Conversion range:0to 5V
o Conversion time: 42 us
e Interrupt generation

Analog/DIgIIal Converter

TheuPD78C10/C11/C14 features an 8-bit, high-speed,
high-accuracy A/D converter. The A/D converter is
made up of a 256-resistor ladder and a successive
approximation register (SAR). There are four con-
version result registers (CRo-CRg3). The 8-channel
analog input may be operated in either of two modes.
In the select mode, the conversion value of one analog
input is sequentially stored in CRo-CRz. In the scan
mode, the upper four channels or the lower four
channels may be specified. Then those four channels
will be consecutively selected and the conversion
results stored sequentially in the four conversion result
registers_ Figure 4 shows the hlnck disaram forthe A/D
converter. To preventwpsvaliatadhidet AlDcowq verter
and thus reduce power consumption, set Vargr =0 V.
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» Interrupt Structure

There are 11 interrupt sources. Three are external
interrupts and eight are internal. Table 2 shows 11
interrupt sources divided into six priority levels. See
figure 5. : S .

SIandby Function

TheuPD78C10/C11/C14 hastwo standby modes: HALT
and STOP. The HALT mode reduces power consump-
tion to less than 50% of normal operating require-
ments, while maintaining the contents of on-chip
registers, RAM, and control status. The system clock
and on-board peripherals continue to operate, but the
CPU stops executing instructions. The HALT mode is
initiated by executing the HLT instruction. The HALT
mode can be released by any nonmasked interrupt or
by RESET. . : - .

The STOP mode reduces power consumption to less
than 0.1% of normal operating requirements. There are
two STOP modes: type A and type B.

Type A is initiated by executing a STOP instruction, If
Vee s maintained within the operating range (2.5t0 6.0
V), on-board RAM and CPU register contents are
saved. If Vgg is held above 2.0 V (but less than 2.5 V),
only on-board RAM is saved. The oscillator is stopped.
The STOP mode can be released by an input on NMT or
RESET. The user can program oscillator stabilization
time viatimer 1. By checking the standby flag (SB), the
user can determine whether the processor has been in
the standby mode.

Table 2. Interrupt Sources
Interrupt Interrupt Internal/
Request Address Type of Interrupt External
IRGO 4 NMI (Nonmaskable interrupt) Ext
IRQ1 8 INTTO (Coincidence signaf from  nt
timer 0)
INTT1 (Coincidence signal from
timer 1)
{RQ2 16 INT1 (Maskable interrupt) Ext
INT2 (Maskable interrupt)
1RQ3 24 INTEO (Coincidence signal from  Int
timer/event counter)
INTE1 (Coincidence signal from
timer/event counter)
1RQ4 32 INTEIN (Falling signal of Cland  Int/Ext
TO counter)
INTAD (A/D converter interrupt)
IRQ5 40 INTSR (Serial receive interrupt)  Int

INST (Serial send interrupt)

Type Bis initiated by inputting alow level on the STOP
input. Only RAM contents are saved, not the CPU
register contents. The oscillator is stopped. The STOP
mode is released by raising STOP to a high level. The
oscillator stabilization time is fixed at 65 ms; 65 ms after
STOP is raised, instruction execution will begin at
location 0. You can increase the stabilization time by
holding RESET low for the required time period. -

Flgure 4. A/D Converter Block Dlagram

43-0006324,
Figure 5. Interrupt Structure Block Diagram
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INTTO —
mzo— E‘
?N‘TTE?: i Test
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Enable t
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Universal Serial Interface - - :

The serial interface can operate in one of three modes:
synchronous, asynchronous, and I/O interface. The
I/0 interface mode transfers data MSB first, for easy
interfacing to certain NEC peripheral devices. Syn-
chronous and asynchronous modes transfer data LSB
first, Synchronous operation offers two modes of data
reception: search and nonsearch. In the search mode,
data is transferred one bit at a time from the serial
register to the receive buffer. This allows a software
search for a sync character, In the nonsearch mode,
data transfer from the serial register to the transmit
buffer occurs eight bits at a time. Figure 6 shows the
universal serial interface block diagram.

Flgure 6. Universal Serlal Interface Block Diagram

. s Internal Bus )

Receive Transmit

Buffer Buffer

Serial Register I Serlal Reglster l
{S—P) P — S)

ER Transfer ST
SR Contro! ] Interrupt
interrupt . 3 B

Transfer
Control

49-000G46A

Zero-Croésing Detector 4

The INT1 and INTZ2 terminals (used common to Tl and
PC3) can detect the zero-crossing point ot low-
frequency AC signals. When driven directly, these pins
respond as a normal digital input. Figure 7 shows the
zero-crossing detection circuitry.

The zero-crossing detection capability allows you to
make the 50-60 Hz power signal the basis for system
timing and to control voltage phase-sensitive devices.

To use the zero-cross detection mode, an AC signal of
approximately 1-3V AC (peak-to-peak) and a maximum
frequency of 1 kHz is coupled through an external
capacitor to the INT1 and INT2 pins.

Forthe INT1 pin, the internal digital state is sensed as é
0 until the rising edge crosses the average DC level,
when it becomes a 1 and INT1 interrupt is generated.

For the INT2 pin, the state is sensed as a 1 until the
falling edge crosses the average DC level, when it
becomes a 0 and INTZ2 interrupt is generated.

Figure 7. Zero-Crossing Detection Circuit
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Absolu ximum Ratings ° Operating Conditions
Power supply voltages, Vop —~0.5V1to+7.0V  Oscllfating Frequeney - T - Voo, AVpp
o " Avgp L AVgstoVpp+05V  fxa <12 MHz —~40°C to +85°C  +45.0 V10%
AVss - ~05Vto+0.5V .
input voltage, V| -05Vto+7.0v  Capacitance
Output voltage, Vg - ~05VioVppt 05V JA=25°CiVpp=Vss =0V
Output current low, o 40mA .&. Test
Output current low, 100 mA Parameter Symbol Min  Typ Max Unit Conditions
total for all pins Input capacitance Gy 10 pF Afe=1MHz.
- Outout C 20 F Unmeasured
Output current high, lgy -20mA . : gﬂitance 0 p pins returned
Output current high, —50 mA P ___toOV
total for all pins 110 capacitance Cio 20 pF
Reference input voltage, VaRer —0.5V to AVpp -+ 0.3V
Operating temperature, Tgpg —40Cto+85°c Recommended XTAL Oscillation Circuit
IXTAL<S 2MHz .
Storage temperature, Tgyg —65°C to +150°C c
Xt
Comment: Exposing the device to stresses above those listed in I

Absolute Maximum Ratings could cause permanent damage. The
device Is not meant to be operated under conditions outside the
limits described in the operational sections of this specification.
Exposure to absolute maximum rating conditions for extended
periods may affect device reliability.

}—I—‘xz
c
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DC Characteristics J Serial Operation
Ta= j.1 o_ c to +7o c Vpp = +5.0 V £5%; Vgs=0V- - ST -
_ Umts - . Tesl Parameler © " gymbol Min Max Unit  Conditions
Parameter- Symbol - Min Typ Max Unit  Conditions SCKoycletime toyK 1 s SOK input (1)
Input low viu 0 08 .V All except Note - - -
voltage 1 inputs. 500 "s, (ZL
e Vitz™ 0 - - 02 V Notetlinputs. —_— i 2 us S_(EE output
. Voo SCK width low tkke 420 ns SCKinput (1)
inputhigh .  Vigs ~ -22.....  Vpop. V AlfexceptX1, T 200 ns SCK input (2)
voitage Co . %2, and Note 200
’ o N 1inputs. — - 900 ns' Sﬂ(. utput
Virz 0.8 Vo VooV Xi,X2 and SCK width high tkkn 420 ns E_ input (1)
: - Note 1 inputs. 200 ns SCKinput (2)
Output low Voo~ " 045 'V lgg=20mA 900 ns SCK output
vgltag_e - RxD set-up time to SCK taxx 80 ns (1)
Qutputhigh  Voy . Vpp—10 TV lgy=-10mA - .
voltage - — _R_)Qt%old time after ﬂtKRx 80 ns (1) -
pp—0.5 V lgy=-1004A SCK
Data Voppr 25 v STOP mode SCK | TxD delay time i 210 ns (1)
retention :
voitags Note:
Input current |y » 1200 gA INT, TIPC): (1) 1x gaud ra'to in asynchronous synchronous, or 1/0 interface
= ov=sVi=Vpp mode
input leakage Iy 10 uA Al except (2) 16x baud rate or 64x baud rate in asynchronous mode.
current - - INT, TPC3} -- e
ov=V=<Vpp Zero-Cross Characteristics
OQutput leakage iLo +10 wA 0V=Vp Limits Test
current = Voo Parameter " Symbol Min Max  Unit Conditions
(l:\l\llggnstupply Alop 03 10 mA Zero-cross detection  Vzx 1 18  VACpp  Accoupled
input 60-Hz sine
Vpp supply Ippt 15 30 mA Operation mode y wave
current f= 12 MHz Zero-cross accuracy  Azx +138 mV
Zero-cross detection  fzx 005 1 kHz
loo2 0 20 m ?il{z'm?: input frequency
Data retention ipppR 1 15 uA Vpppr=25V
current 0 50 A Voppr=5V
+ 10%
Note:

(1) Inputs RESET, STOP, NMI, SCK, INT1, TI, and AN4-AN7.

wymw.DataSheetdU.com



AC Characteristics -

Read/Wrlte Operation
TA = ~40°C t0 +85°C; Vppy = +5.0 V £ 10%; Vss ov
T Limits
A o fYTAL =12 MKz Test
Parameter , Symbol Min Max Unlt Conditions {1)
RESET pulse width tap 10 us
Interrupt pulse width (INT1, INT2) tp 3.0 s
NMI pulse width ) 10 us
Counter input pulse width L o R 500 ns Event counter mode
R ) . o ' 4.0 s Pulse width measurement mode
Timer input pulse width -t 500 ns
X1 Input cycle time tove 83 250 ns
Address set-up to ALE | AL 65 ns
Address hold after ALE | tLA 50 ns
Address to RD | delay time AR 150 ns
RD { to address floating " tam 20 ns
Address to data input ‘tap 360 ns
ALE ] t0 data Input ] tLoR 215 ns
RD { to data Input "thp ] 180 ns
ALE | to RD | delay time tLR 3% ns
Data hold time to RD f tRDH 0 ns
RD | to ALE ! delay time taL 115 ns
RD width low tRR 280 ns Data read
' ) 530 ns Opcode fetch
ALE width high e 125 ns
MT Setup time to ALE tae 65 ns
T Hold time after ALE § ] tom 50 ns
10/M Setup time to ALE fw 65 ns
10/M Hold time after ALE { ty 50 ns
Address 1o WR | Delay : taw 150 ns
ALE | 1o data output L o 195 ns
WR ! to data output R E 100 ns
ALE | to WR | delay T hw 35 ns
Data set-up time to WR 1 a tow 230 ns
Datahoid timeto WRT - - . twon %5 ns
WR tto ALE 1 delay ume twL 115 ns
WR width low ' tww 260 L www DataSheetdU.com ___
Note:

(1) Load capacitance; G = 150 pF.
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A/D Converter Characteristics Bus Timing Depending on tcve
Tp = —40°C to +85°C; Vgg = AVgs =0 Vi AVpD —0.5V=VaRee=

AVpp: Voo — 0.5 = AVpp Symbof ) - Calculating Expression ) Min/Max
Limits ] Test - tap ' 60T i ) Min
Parameter Symbol Min Typ Max Unit  Conditions tn 67 Min
Resoltion - 8 ~ Bits W@ _ 6 __Min .
Absolute 0.4%  LSB Ta=—10°Cto o 3) 487 Min -
accuracy = T 172 +50°C . ‘tip 36T - . Min
R 0.6% Ty o0 -0 _ Min |
R . . +1/2 LSB - . = > "
Conversi t 567 toyc B3 s =loye =< i T-% Min
onversion CONV CcYC ns =gy = . "
time - : 110ns tAR 37100 Min
43 toyc 10ns<teyg<  AD m-220 Max
. 170 ns tpn " 5T—200 Max
Sampling tsamp 96 toye B3ns<igyc = tap - ) AT-150 "Max
time - 110 ns - - -
72 e mees | Ll ' Mo
ns < < -
Y0 ons U W 2T 50 Min
Analog Via 0 Vaper V : tRR 4T — 50 (Data Read) Min
input voltage o 7T — 50 (Opcode Fetch) .
Analog Ran = 1000 Ma . tL ’ 2T — 40 ’ Min
input impedance - - - g -
v - 5 30 y tmL 2T - 100 Min
curren . 0 m -
AREF AREF - T—-30 Min
B ' T 27 — 100 Min
. T T-30 . Min
- taw - 3T—-100 ) Min
i tow T+110 Max
fw e T-5 ; Min
tow - ' 4T =100 . Min
o - twoH - 2T-70 i Min
twL 2T —50 : . Min
- - tww 4T —50 . Min
o . tovK 12T (SCK input) (1) Min
. i . T 24T (SCK output) :
tRKL 5T + 5 (SCK input) (1) T Min
o ) . 12T — 160 (SCK output) .
o . i . tkkH ) 5T +5(SCKinputy (1) - Min
T . 12T — 100 (SCK output) ~
- Note: . . .
o7 (1) 1x baud rate in asynchronous, synchronous, or 1/0 interface
- - mode. - - ceee - - :

T=tgyc = VfxTAL:
The items not included in this list are independent of oscillator
frequency (fxTAL)- :
(2) Event counter made. veww.DataSheet4U.com
(3) Pulse width measurement mode.



Timing Waveforms

Read Operation

D i

AB,,-AB, -
PFPry ADDR,-ADDR,5
.o to - [*—*] thou_

D,-D, ADDR,—ADDR, ﬁ‘___L Data-in )

[ !
- =t tia —s) Lon i '
. AL
ALE taen y
tar t
— { 1, )
RO [— 'LR_.&'.? — “!
t

Note:

MODEQ |iG/M) T
{Note ]

=]

[1] 10/M signal is output to the MODEO PIn during a read or wrile of speclal
reglster[s] Sr-Sr2, If MODEO is pulled up to Vpp.

49-0005438

Write Operation

T

T2

AB,-AB,

ADDR,~ADDR,,

Note:

[1] TO/M signalis output to the MODE® pin during a read or write of speclat
register(s] Sr-Sr2, if MODEO Is pulled up to Vpp.

e tLow e
0,-D,
For%D, J:D ADDR,-ADDR, Data-out K:x
.I.L ‘*} ‘—'lA —T .u“ 'WDH—"
ALE_ 4 ja—si twp
tac tww ety ————
WA ' 7y
[ lw F
t
MODEQ {i0/M] L
[Note 1]
.II.—__-—. “L

www.DataSheetdU.com n




Timing Waveforms (cont)

Opcode Fetch Operation

| - [ T | = | T |

AB,,-AB -
e 7 ADDR,~ADDR,, : Cr

AD,-AD, - = ; et T
(PD,-POY ) ADDR,-ADOR, Opcode =

1 1,

Lonr

Lt - N
tp—ed tac
ALE F y
e 1 ——] I‘—‘nn—’

) "D 'r\n
" —o—— F
.

MODE1 (M1} -
[Note 1]

F—;!ul—;* u{
Note:

[1] M1 signal is output to the MODET pin duting Opcode Fetch if MODET pinls
pulled up to Vob.

49-0005458
Serial Operation Transmit/Receive Timing
- 'I:VI(
ko tkkn ]
=) e N
N ™D x
e—tarx—el
RxD D, K
; : ol wyw.DataSheet4U.com

2-0005468
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Operand Format/Description Remarks
Format Description 1. sr:srd (special register)
r V,A,B,C,D,EHL : PA=PortA ECNT = Timer/Event
1 EAH, EAL,B,C,D,E H, L PB =Port B Counter Upcounter
r2 A/B,C PG =PortC ECPT = Timer/Event
e PA, PB, PC, PD, PF, MKH, MKL, ANM, SMH, SML, EOM, PR portD Counter Capture
ETMM, TMM, MM, MCC, MA, M, MC, MA = Mode A ETMM = Timer/Event
MF, Tx8, TMg, TM;, ZCM . MB = Mode B Counter Mode
sri PA, PB, PG, PD, PF, MKH, MKL, ANM, SMH, EOM, TMM, RxB, MC = Mode C EOM = Timer/Event
CRo, CR1, CR2, CR3 MCC = Mode Control G Gounter Output Mod
s2 PA, PB, PG, PD, PF, MKH, ANM, MKL, SMH, EOM, TMM MF = Mode F o ounter Jutput Mode
si3 ETMg, ETM, : TxB = Tx Buffer
sr4 ECNT, ECPT . -
. MM = Memory Mapping RxB = Rx Buffer
p SP,B,D,H TMp = Timer Register 0 SMH = Serial Mode High
rp1 V,B,D, H,EA TMy = Timer Register 1 SML = Serial Mode Low
rp2 SP,B,D,H,EA TMM = Timer Mode MKH = Mask High ~
rp3 B,D,H ETMg = Timer/Event MKL = Mask Low
TR Counter Register 0 ANM = A/D Channel Mode
fpa B,D.H,D+,H+.D~H _ETMy = Timer/Event Counter CRg = A/D Conversion Result 0-3
w2 BDD D H+,D— H—,D+byte, H+A H+B Register 1 o CRy
P - e ’ ' ' ZCM = Zero-Cross Mode TxB = Tx Buffer
H-+EA, H +byte Control Reglster RxB = Rx Buffer
rpal D,H,D++ H++,D+byte, H+A H+B,H+EA, SMH = Serial Mode High
H + byte = 9T 9
SML = Serial Mode Low
wa 8-Bit Immediate data MKH = Mask High High
word  16-Bit immediate data MKL = Mask Low
byte 8-Bitimmediate data 2. rp-rp3 (register palr)

bit 3-Bit immediate data SP = Stack Pointer HeHL
f CY, HC, 2 B=BC V=VA
irf FNMI, FT0, FT1, F1, F2, FEO, FE1, FEIN, FAD, FSR, FST. ER D=0E EA = Extended Accumulator
0V, ANg, ANs, ANs, ANy, SB 3. rpa-rpa3 {rp addressing)
B =(BC) D+ + = (DE) ++
D = (DE} H++= (HL) ++
Instruction Set Symbol Definitions — D) D + byte = (DE) + byte
Symbol Description D+=(DE)+ H+A=(HL) + (A)
— — H-—=(HL)+ H+B={(HL) + (B)
Transfer direction, result = (DE) ~ H + EA = (HL) + (EA)
A Logica! product (logical AND) H—=(HL) - H + byte = (HL) + byte
v Logical sum (logical OR) 4. {[fiag) ’
¥ Exclusive OR CY = Carry HC = Half Carry Z=1Zero
- Complément 8. Irf (inferrupt flag)
. Concatenation NMI = NMI* Input FEIN = INTFEIN
FAD = INTFAD
FT0 = INTFTO FSR = INTFSR
FT1=INTFT1 FST = INTFST
F1=INTF1 ER = Error
F2=INTF2 0V = Overflow
FEO = INTFEO AN4 to AN7 = Analog Input 4-7
SB = Standby

FE1=INTFEt

www.DataSheetdU.com
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