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ML 610501/M L 6100Q501

nX 610K CMOS 8-Bit Microcontroller (including 10-bit x 10-ch A/D converter)

GENERAL DESCRIPTION

The ML610501 is an 8-bit low-power microcontroller with a built-in high performance 10-bit A/D converter.
Since the CPU core executes amost al instructions within one clock period due to a 3-stage pipeline processing, it
ispossible to write very efficient programs. Further, since low power consumption operation is being made due to
the use of dual clocks, this microcontroller is ideally suitable for incorporation in portable equipment driven by
batteries.

Furthermore, speedy product development and version upgrading can be made because a Flash ROM
version(ML610Q501) that is pin-compatible with the ML610501 and programmable using a single power supply
isavailable.

FEATURES
Type. ML610501 ML610Q501
Operating voltage/ 2.7 t0 3.6 V/10MHz 2.7 t0 3.6 V/10MHz
Operating frequency 1.8 10 3.6 V/4 MHz 2.310 3.6 V/4 MHz
Supply current 1.5 pA (typ) @32 KHz (HALT)

30 us (@ 3 2 KHz system clock)

Instruction execution time 200 ns (@ 5 MHz system C|0Ck)(*l)

ROM size 24K x 16 bits (48k bytes)

RAM size 2K x 8 bits

10 port 8 input ports

33 1/0 ports
Timer 8-hit x 4ch

Watch dog timer

I°C x 2ch

Serial port UART x 1ch

Synchronous x 1ch

A/D converter 10-bit x 10ch

PWM 16-bit x 1
External interrupt 8

Timer x 4, Time base counter x 4
I°C x 2, UART x 1, Synchronous x 1
PWM x 1, Watch dog timer x 1
A/D converter x 1

Low speed clock 32 KHz (crystal oscillator, RC oscillator)

Internal interrupt

Temperature range -20to 70°C
*1 The system clock should be set to a value below 5 MHz by the built-in divided clock circuit.

119



OKI Semiconductor

FEDL610501Q501-01

ML 610501/M L 610Q501

APPLICATIONS

Digital Camera, AV portable machines, etc.

PACKAGE

64PIN BGA (7mm x 7mm) 64PIN BGA (6mm x 6mm)
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BLOCK DIAGRAM
The block diagram of the ML610501 is shown in Fig. 1

An asterisk “*” indicates the secondary function of each port.

CPU (nX-U8/100)
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Figure 1 ML610501 Block Diagram
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PIN CONFIGURATION (BOTTOM VIEW)

The pin configuration of the ML610501 is shown in Fig. 2.

P47 | PO1 | PO3 | PO5 | PO7 | P11 | P13 | P15 | P17 | Vrer 10
P46 | POO | P02 | PO4 | P06 | P10 | P12 | P14 | P16 | AVpp 9
P44 | P45 ADO | AD1 8
P42 | P43 AD2 | AD3 7
P40 | P41 AD4 | AD5 6
Vss | Vop AD6 | AD7 5
R.lE.gE VopL AD8 | AD9 4
XTO | XT1 AVss | P20 3
TeSTITEST| pso | Pas | P34 | P32 | P30 | P26 | P21 | P22 2
OSCO|OSC1| P37 | P35 | P33 | P31 | P27 | P25 | P24 | P23 1
X ~ T 0] L L a) (@] m A

BALL PAD CORNER

Figure 2 ML610501 Pin Configuration
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PACKAGE DIMENSIONS

ML610501-xxxLA, ML610Q501-XxxXLA (6 mm x 6 mm)

Al BALL PAD CORNER Al BALL PAD CORNER

6.00
i 10987654321
O —d000000000 | A
—9000000000 | B
f o)e) OO0 C
[o)o) (0X@) D
[o)o) (0J@) E
[6.00 | 00 00 | F
[o)o) (0X@) G
0.75 00 0O | H
0000000000 J
—$000000044¢ | K
Y
| |y < -
—>||<— 0.20+0.05 A 015 220
0.30+0.05 1.00+0.10*

*:1.10+0.10 for ML610Q501
Figure 3-1 BGA64-0606-0.50

ML610501-xxxLP, ML610Q501-XxxXLP (7 mm x 7 mm)

Al BALL PAD CORNER Al BALL PAD CORNER

7.00

0.65 10 9 8 7 6 5 4 3 2 1
1 L 5000000000 | a
O L 000000000 | 8
TOO OO0 | c
00 00 | b
00 00 | E
[7.00] 00 00 | F
00 00| &
00 00 | H
0000000000 | 3
" L H0000000Hd | «

—>

GIVAVIVIVAUIVAVAUAY) * a 0.65
—»| | 0.32+0.05 ] ' .

0.40+0.10 1.20+0.10*
*:1.30£0.10 for ML610Q501

Figure 3-2 BGA64-0707-0.65
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ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings (M L 610501/Q501)

(Vss = AVSS =0 V)

Parameter Symbol Condition Rating Unit
Power supply voltage 1 Vop Ta=25°C —0.3t0 +4.6 \%
Power supply voltage 2 VoL Ta=25°C -0.3t0 +4.6 \%
Power supply voltage 3 AVpp Ta=25°C -0.3t0 +4.6 \%
Input voltage 1 VN1 Vpp input, Ta = 25°C —0.3to Vpp +0.3 \%
Output voltage 1 Vout1 Vpp output, Ta = 25°C -0.3to Vpp +0.3 \%
Output voltage 2 Vour2 Vool output, Ta = 25°C —0.3to Vpp. +0.3 \%
Power dissipation Po Ta=-20to 70°C 200 mw
Storage temperature Tste — —55 to +150 °C

Recommended Operating Conditions (ML 610501/Q501)

(Vss = AVss = 0 V)

Parameter Symbol Condition Range Unit

Operating temperature Top — —-20to +70 °C
Vop ML610501 1.8t03.6
Operating voltage Vop ML610Q501 2.3t03.6 \%
AVpp — 1.81t0 3.6

Operating frequency ¢ Vop =1.810 3.6 V 30 kto2.048 M Hy
(CPU) l Vop =2.710 3.6 V 30kto5 M
Low—speed crystal bt . 32768 k Hz
oscillator frequency
Low-speed RC oscillator fom . 30 k to 100 K Hz
frequency
Low-speed External clock ot . 30 k 1o 100 K Hz
frequency
High-speed Vop = 1.8t0 3.6 V 1 M to 4.096 M
crystal/ceramic oscillator fxrh Hz
frequency Vob=2.7t0 3.6 V 1Mtol0M
High-speed external clock fer o 30k t0 10 M Hz
frequency
High-speed RC oscillator fom o 400 K10 2 M Hz
frequency

Flash ROM Operating Conditions (ML 610Q501)

(VSS = AVSS = 0 V)

Parameter Symbol Condition Range Unit
. During reading —201t0 +70
Operating temperature Top - — °C
During writing 0to +70
Operating voltage Vop — 2.3t03.6 \%
Program cycles Cep — 100 Cycle
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DC Characteristics (ML 610501/Q501)

(Vop=1.8103.6V, Vss =0V, Ta = —20 to +70°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. Typ. Max. Unit | uring
circuit
;g;p—)zzeed oscillation 12 16 29
Voot voltage \Y — \Y,
PPt g poL At reset or in high-speed
_— — Vbb —
oscillation
Low-speed crystal oscillation
. Txro — — — 2 S
start time
External capacitor for CoL — 10 18 47 F
low-speed crystal oscillator CoL — 5 15 33 P
Low-speed RC oscillation fer. | Ros. = 300kQ 5% 30 50 100 | kHz
frequency
Hl-s_pe(.ed crystal(ceramlc Tar o . . 20 ms
oscillation start time
External capacitor for Con — 5 5 56 1
high-speed crystal pF
oscillator/ceramic resonator Con — 5 20 56
High-speed RC oscillation fern | Rosw = 200kQ +5% 400k | 700k | 2M | Hz
frequency
Low-speed oscillation stop
L T — .2 2 m
detection time (*1) STOP 0 3 0 S
Power-on reset generation Voot | Voo = 3.0V 0 . 07
voltage Y
Power-on re;et Veorz | Vop = 3.0V 1.8 — 3.0
non-generation voltage
Power-on reset generation Toor | Viop = 3.0V . . 100 us

power-up time

*1 The system reset mode is entered if low-speed oscillation stops for alonger period than this time.
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DC Characteristics (ML610501: Mask ROM Version)

(Vop =1.8103.6V, Vss =0V, Ta = —-20 to +70°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. | Typ. | Max. | Unit | uring
circuit
Supply current 1 Ibp1 STOP state — 0.4 2
C.ryst.al oscillation . 15 4
circuit (32.768 kHz)
HALT state RC oscillation circuit
Supply current 2 loo2 High-speed clock stopped | (ROSL = 300 kQ) B 17 35
External clock input 5 5
(32.768 kHz) pA
Crystal oscillation
— 1
. circuit (32.768 kHz) 6 12
CPU operating p— -
RC oscillation circuit
Supply current 3 Ipp3 at low speed — 24 45
. (ROSL = 300 kQ)
High-speed clock stopped -
External clock input 65 13
(32.768 kHz) '
CPU operating at high speed (5 MHz)
Supply current 4 Ibba High-speed clock in oscillation — 1.2* 25 | mA
(10 MHz ceramic resonator)

*1 Condition:Vpp=3.0V

DC Characteristics (ML610Q501: Flash ROM Version)

(Vop =2.3103.6 V, Vss =0V, Ta = —20 to +70°C unless otherwise specified)

Meas-
Parameter Symbol Condition Min. | Typ. | Max. | Unit | uring
circuit
Supply current 1 Ibp1 STOP state — 0.8 50
(;ryst_al oscillation . 5 50
circuit (32.768 kHz)
HALT state RC oscillation circuit
Supply current 2 looz High-speed clock stopped | (ROSL = 300 kQ) B 18 ©5
External clock input
(32.768 kHz) — | 25| %0 nA
Crystal oscillation .
— 1
. circuit (32.768 kHz) 50 500
CPU operating — —
RC oscillation circuit
Supply current 3 Ibbs at low speed — 65* | 500
. (ROSL = 300 kQ)
High-speed clock stopped -
External clock input . 50¢ | 500
(32.768 kHz)
CPU operating at high speed (5 MHz)
Supply current 4 Ibba High-speed clock in oscillation — 7.5% 15 mA
(10 MHz ceramic resonator)

*1 Condition: Vpp=3.0V
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DC Characteristics (ML 610501/Q501)
(Vop=1.8103.6V, Vss =0V, Ta = —20 to +70°C unless otherwise specified)

Parameter

Symbol

Condition

Min.

Typ.

Meas-
Max. Unit uring
circuit

Output current 1
(P1.0to P1.7)
(P2.0to P2.7)
(P3.0to P3.7)
(P4.0to P4.7)
(P5.0)

loH1

VOHl = VDD -05V

-3.0

loL1

Vo1 =+0.5V

0.5

3.0

10 mA

Output current 2
(P4.0to P4.7)

loL2

Vorz = +0.5 V (when LED-driving mode is

selected)

5.0

20

Output leakage
current
(P1.0to P1.7)
(P2.0to P2.7)
(P3.0 to P3.7)
(P4.0 to P4.7)
(P5.0)

looH

Von = Vpp (at high impedance)

looL

Vou = Vss (at high impedance)

pA

Input current 1
(RESETB)

liH1

Vi1 = Vop

l1

Vi1 = Vss

-1500

-300

Input current 2
(TESTO,1B)

liH2

Vinz = Vop

lL2

Vi2 = Vss

-3000

-600

Input current 3
(P0.0 to PO.7)
(P1.0to P1.7)
(P2.0to P2.7)
(P3.0to P3.7)
(P4.0to P4.7)
(P5.0)

I3

Viuz = Voo (When pulled down)

200 | pA 3

I3

ViLz = Vss (when pulled up)

-200

liH3z

Vins = Vpp (at high impedance)

liLaz

ViLs = Vss (at high impedance)

Input voltage
(RESETB)
(TESTO, 1B)
(P0.0 to P0.7)

to
(P4.0to P4.7)
(P5.0)

Viu

VDD:3V

24

3.0

VDD=3V

0.0

0.6

Hysterics
width(RESETB)
(TESTO, 1B)
(P0.0 to P0.7)

to
(P4.0to P4.7)
(P5.0)

AVt

VDD=3V

0.2

0.5

1.0 \%

Input pin

capacitance

(P0.0 to P0.7)
to

(P4.0 to P4.7)

(P5.0)

Cin
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Hysteresis Width
Input signal AvT V
nput signa ) DD
y
“““““““““““““““““““““““““ VSS
Internal signal Voo
Vss
Measuring circuit 1
Cl: 0.47 pF
© 0SCo Co: 18 FPl
(Note 1) CGL_' 07 pF
@— DL- p
0SsC1 Can BpF
CoH: 8 pF
®—XTO0
(Note 2)
®—IxT1
Vss  Vop VjiL AVpp Vrer AVss
@L Cl
T |
(Note 1) (Note 2)
Crystal oscillation Crystal oscillation
CGH CGL
—r—o —r—o
Con [ CpoL [
o0 e
10 MHz 32.768 kHz

Crystal oscillator

RC oscillation

— ®
Rosh %
200 kQ @

Crystal oscillator

RC oscillation
— O

RosL
300k @
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Measuring circuit 2

V|H0%

V||_ o—>

Input pins

Vss

Voo Voo
| |

AVpbp VRer

Output pins

AVss

1

-

*1 Input logic circuit to select the specified measuring conditions
*2 Measured at the specified output pins

Measuring circuit 3

(*3)
—Q | ——-o0
| [ o
i o |
A [} (7)) E [}
® g s |
| =] a |
T | g £
| S ||
[} [}
| |
o— Vss Voo Voo AVbop Vrer AVss [—o
Measuring circuit 4
o—> —o
[ o
i i
D2 2 ||
| & s
B 5 |
L | E 5 | !
1 (@) 1
[} [}
| |
ViL o> Vss Voo AVpp Verer  AVss — o
i

i
-

*3 Measured at the specified input pins

Waveform
monitoring
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AC Characteristics (Timer)

(Vop=1.8t03.6V, Vss =0V, Ta = —20 to +70°C unless otherwise specified)

Parameter Symbol Condition Min. | Typ. | Max. | Unit
External clock input cycle time treve — 500 — — ns
External clock input pulse width trew — 200 — — ns
treve
—

-/

External clock

trew

AC Characteristics (External Interr

trew

upt)

(Vop=1.8103.6 V, Vss =0V, Ta = —-20 to +70°C unless otherwise specified)

Parameter Symbol Condition Min. | Typ. | Max. Unit
E_xt_ernal interrupt enable pulse width f o 20 . . ns
(rising edge)
Extgrnal interrupt enable pulse width fu o 20 . . ns
(falling edge)
Interrupt enable, MIE = 1
External interrupt disable period tnuL CPU: NOP 915 — | 1221 us
System clock: 32.768 kHz

AC Characteristics (Timer)

P0.0 to PO.7

(Rising edge interrupt)

P0.0 to PO.7

S tw

oL

(Falling edge interrupt)

P0.0 to PO.7 /

(Both-edge interrupt)

< twi

oL

oL
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AC Characteristics (Shift Register)

(Vop=1.8103.6 V, Vss =0V, Ta = —-20 to +70°C unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
. High-speed oscillation stopped 10 — — S
SCLK input cycle t In hi gh s peed Voo = 1.8 tc? 2 6V | 500 -
(slave mode) seve gn-sp Db -~ : ns
oscillation Vop=2.7t03.6 V 200 — —
SCLK output cycle .
(master mode) lscve SCLK S
. ) High-speed oscillation stopped 4 — — us
SCLK input pulse width -
Nput puise Wi tsw In high-speed | Vpp=1.8t03.6V 200 — —
(slave mode) S ns
oscillation Vop=2.7t03.6V 80 — —
SCLK output pulse width ¢ SCLK* | SCLK* | SCLK* S
(master mode) swW x 0.4 x 0.5 x 0.6
SOUT output delay time tsp Vop=181036V — — 100 ns
Vpop=2.7t03.6 V — — 50
SIN input setup time tss Vop=181036V 100 — — ns
Vpop=2.7t03.6 V 50 — —
. ) Vpp=1.8103.6 V 100 — —
SIN input hold time t ns
P st Vop = 2.710 3.6 V 50 — —

*SCLK: Clock period selected by SFCK3 to 0 of shift register mode register (SFTMOD)

tscve
tsw tsw
P22/SCLK N /! N
~ ~
tsp tsp_

P21/SOUT o

t

% o
P20/SIN B o
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AC Characteristics (Serial Port)

(Vop=1.8103.6 V, Vss =0V, Ta = —-20 to +70°C unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
Transmit baud rate trerT — — BRT* — s
Receive baud rate trRBRT — BRT* x 0.97 BRT* BRT* x 1.03
SIOCLK input cycle tsioc — 500 — — ns
SIOCLK input pulse width tsiow — 200 — — ns

*BRT: The baud rate period set by the serial port baud rate regisgers (SIOBRTL, SIOBRTH) and serial port mode
register 0 (SIOMODO) (including errors of the selected clock frequencies)

P25/TXD

P24/RXD

P26/SIOCLK

trerRT

trBRT

N
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AC Characteristics (1°C Bus I nterface: Standard Mode 100 kHz)
(Vop =1.8103.6V, Vss =0V, Ta = —20 to +70°C unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
Clock synchronization
SCL cycle fscL functi{)n disabled o 10 B Ks
SCL “L” level pulse width tLow — — 5.5 — us
SCL “H” level pulse width tHiGH Clock synchronlzatlon — 4.5 — us
function enabled
SCL setup time - Clock synchronization o 45 o S
(restart condition) SUSTA function enabled ) H
SCL hold time fon o . 45 o S
(start/restart condition) HD:STA ) H
. Data transmit mode — 5.0 —
SDA setup time tHoDAT Data receive mode 0.2 — — HS
. Data transmit mode — 5.0 —
SDA hold time tsuaT Data receive mode 0 — 35 hs
SDA setup time teur Clock synchronization o 45 . s
(stop condition) SUSTO function enabled ) H
Bus free time tur — — 5.5 — us

AC Characteristics (1°C Bus Interface: Fast Mode 400 kHz)
(Vop =1.8103.6V, Vss =0V, Ta = —20 to +70°C unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
Clock synchronization
SCL cycle sc function disabled o 2:5 o Ks
SCL “L” level pulse width tLow — — 15 — us
. Clock hronizati
SCL “H” level pulse width thigH ¢ sync ronization — 1.0 — us
function enabled
SCL setup time ¢ Clock synchronization 10 S
(restart condition) SUSTA function enabled ) H
SCL hold time t 10 S
(start/restart condition) HD:STA ) H
. Data transmit mode — 1.0 —
SDA setup time thp: S
P HODAT Data receive mode 0.2 — — H
. Data transmit mode — 0.5 —
SDA hold time tsu: - S
SUDAT Data receive mode 0 — 1.0 H
SDA setup time ¢ Clock synchronization o 10 o S
(stop condition) SU:STO function enabled ) K
Bus free time tsur — — 1.5 — us

Start condition

Restart condition

P10/SDA0 ——
P12/SDA1 A
P11/SCLO T,
P13/SCL1 <>
thp:sTA

Stop condition

>< q - I
\ I
‘ tiow thiH }tSU:STA tHp:sTA tsubat  tHDipaT tsuisTo tBUF
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A/D Converter Electrical Characteristics (ML 610501/Q501)

(AVpp =1.81t0 3.6 V, AVss =0V, Ta = —20 to +70°C unless otherwise specified)

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n — — 10 bit
Li i EL . . — — .

I;.r;fearlt);.elr r?r ” Analog input impedance 3.0
er|r0erren ial linearity ED RI <5 kO . . 20
LSB
Offset error EO — — 2.0 S
23V=>Vgee=218V — — +4.0
Overall error EA
3.6V>2Vge>23V — — +3.0
Reference voltage VReE — 1.8 — AVpp \%
Conversion time teony Convers?on clock: 5 MHz — 8.0 — us/CH
Conversion clock: 32.768 KHz — 732 —
When ADC is operating at AVpp o 07 15
=18V
IDAD \_NgeonVADC is operating at AVpp o 35 5 mA
Supply current — . .
When ADC is operating at AVpp 58 8
=36V '
When ADC is stopped (but
IDA . . — — 1 A
S AVpp is applied) H

| |
Reference *» VRer AVpp
voltage
Vbp T
1 uF 1uF
“:: CA) " T VoL
0.47 |1pF
RI uF R
1 ° ADO to T T
1 AD9 Vss .

Analog input 0.1 pF T AV
SS
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MASK OPTIONS

List of ML610501 Mask Options

Address Function Mask option selection data
OBFOOH Low-speed 0000H: Crystal oscillation | 0001H: RC oscillation 0002H: External clock
oscillation circuit circuit circuit input
Reset format & 0000H: Direct & disabled | 0001H: Direct & enabled | 0002H: Sampling &
0BFO2H | lOW-speed (not used). (used). enabled (used)
oscillation stop
detection reset

Assign these mask option data to addresses 0BFOOh and OBFO2H in the test dataarea. The set data cannot be used
for applications programs.

The reset sampling clock is LSCLK (32.768 kHz).

In the ML610Q501 flash ROM version, it is not necessary to set the mask option data.

[Example of mask option data creation]
To select the crystal oscillation circuit and to use reset sampling & low-speed oscillation stop detection reset,
assign the data as follows:

CSEG AT 0:0BFOOH

DW 0000H ; Select the crystal oscillation circuit.

DW 0002H ; Usereset sampling & low-speed oscillation stop detection reset.
List of ML610Q501-Xxxx Mask Option Codes

X: Mask option code
xxX: programed code number NNN means brank version

Mask option select function

Mask option code _— - Reset format & low-speed oscillation
Low-speed oscillation circuit .
stop detection reset

Crystal oscillation circuit
RC oscillation circuit Sampling & enabled (used)
External clock input

Crystal oscillation circuit
RC oscillation circuit Direct & disabled (not used)
External clock input

(A [WIN (-
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REVISION HISTORY
Page
Doc’\LIJ(r)nent Date Previous | Current Description
' Edition Edition
FEDL610501Q501-01 | Dec. 17, 2003 - - Final edition 1

18/19




FEDL610501Q501-01

OKI Semiconductor ML 610501/M L 610Q501
NOTICE
1. Theinformation contained herein can change without notice owing to product and/or technical improvements.

Before using the product, please make sure that the information being referred to is up-to-date.

. Theoutline of action and examplesfor application circuits described herein have been chosen as an explanation

for the standard action and performance of the product. When planning to use the product, please ensure that the
external conditions are reflected in the actual circuit, assembly, and program designs.

. When designing your product, please use our product below the specified maximum ratings and within the

specified operating ranges including, but not limited to, operating voltage, power dissipation, and operating
temperature.

Oki assumes no responsibility or liability whatsoever for any failure or unusua or unexpected operation
resulting from misuse, neglect, improper installation, repair, alteration or accident, improper handling, or
unusual physical or electrical stressincluding, but not limited to, exposure to parameters beyond the specified
maximum ratings or operation outside the specified operating range.

Neither indemnity against nor license of athird party’ sindustrial and intellectual property right, etc. is granted
by us in connection with the use of the product and/or the information and drawings contained herein. No
responsibility is assumed by us for any infringement of a third party’s right which may result from the use
thereof.

The products listed in this document are intended for use in general electronics equipment for commercial
applications (e.g., office automation, communication equipment, measurement equipment, consumer
electronics, etc.). These products are not, unless specifically authorized by Oki, authorized for use in any
system or application that requires special or enhanced quality and reliability characteristics nor in any system
or application where the failure of such system or application may result in the loss or damage of property, or
death or injury to humans.

Such applications include, but are not limited to, traffic and automotive equipment, safety devices, aerospace
equipment, nuclear power control, medical equipment, and life-support systems.

Certain products in this document may need government approval before they can be exported to particular
countries. The purchaser assumes the responsibility of determining the legality of export of these products and
will take appropriate and necessary steps at their own expense for these.

No part of the contents contained herein may be reprinted or reproduced without our prior permission.

Copyright 2003 Oki Electric Industry Co., Ltd.
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