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M L 66592/660Q592

OLMS-66K Series CMOS 16-Bit Microcontroller

GENERAL DESCRIPTION

The ML66592/66Q592 is a high speed, high performance 16-bit microcontroller that employs an Oki-original
nX-8/500S CPU core. The ML66592/66Q592 contains a 16-bit CPU, ROM, RAM, a 10-bit A/D converter, seria
ports, flexible timers, and PWMs.

The ML66Q592 is a Flash EEPROM version.

FEATURES

» Abundant Instruction Set
Instruction set has superb orthogonal capability
8/16-bit arithmetic instructions
Multiplication/division instructions
Bit operation instructions
Bit logic operation instructions
ROM table reference instructions

» Abundant Addressing Modes
Register addressing
Page addressing
Pointing register indirect addressing
Stack addressing
Immediate addressing

* Minimum Instruction Cycle
71.4ns @ 14 MHz (internal: 28 MHz)

« Program Memory (ROM)

Internal : 192K bytes

External : 256K bytes, EA pin active
» Datamemory (RAM)

Internal : 8K bytes
* |/O Ports

Analog input ports 24

1/O ports : 98

e Multiplier (MUL ERn instruction: 178.6 ns @ 14 MHz)
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* Flexible Timer

Freerun counter : 20-bit x 1, 16-bit x 1
Capture register with divider 16

Double-buffer realtime output 110

Multifunction timer 12

» General-Purpose 8-Bit Timers

General-purpose 8-hit timer 01
8-hit event counter 01
* 16-Bit PWM 112

* 8-Bit Seridl Ports
UART with BRG (provided with a 4-stage buffer on the receive side) : 4

UART/synchronous type with BRG 01
Synchronous (with 8-byte FIFO) 01
» A/D Converter
10-hit resolution : 24 channels (12-channel x 2)
* Transition Detector : 8
» Watchdog Timer 01
» Expansion Port (serial-parallel conversion) 01
* Interrupts
Non-maskable 01
Maskable > internal: 63/external: 3 (38 vectors)
4-level priority

* ROM Window Functions
* RAM Monitor Functions
 Standby Modes

HALT mode
STOP mode

* Clock Multiplier (2 x original oscillation clock)
* Package
144-pin plastic LQFP (LQFP144-P-2020-0.50-K) (ML 66592-xxxTCZ200)

(ML66Q592-xxxTCZ200)
xxX indicates the code number.
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BLOCK DIAGRAM
CAPO/P3_4 — * -
: : <> RAM ROM +—EA
CAP3/P3_ 7 — P 8K byte 192K byte — ALE/P7_2
RTO4/P2_0 d—] — > PSENP7_3
: : BUS
RTO13/P10 1 <@ Flexible g | | CPUCORE | | . Port < ADO/PO_O
CAP14/P10_2 —P»{ Mer Cont. : :
CAP15/P10_3 —» i | Memory Cont. > 4> AD7/PO_7
FTM16/P10_4 <P ¢ Pointing Reg. — A8/P1 0
FTML7AP3_0 g ;| ocalReo. Instruction : :
. . : Dec. - A17/P12_1
FTM17D/P3_3 <— SSP .
LRB System RES
RXD1/P6_2 —P»] < i. pPsSw é’ont. 0sco
TXD1/P6_3 <— pPC P OSC1
RXC1/P6_4 — ] CSR A .
TXC1P6_5 <— g TSR | p» SFTCLK/P10_5
RXDO/P6_6 —» R E;tgr’:d @ SFTDAT/P10_6
TXDO/P6_7 <@— Serial Port : —» SFTSTB/P10_7
RXD2/P9_0 —w] “> :
TX02P9_1 4 B Transition «— TRNS-0/P4_0
RXD3/P9_2 — P> u|l i - cor | - :
TXD3/P9_3 <¢—| S| T T @— TRNS7/P4_7
RXD4/P9_4 —P» i
TXD4/P9 5 <— : l@¢—— INTO/P6_0
: ALU Cont.
4—-—» ACC <) Interrupt —— INT1/P6_1
SDIN/P5_0 —P» : Cont. (—— INT2/P5_5
SDOUT/P5_1 «—]| B —— NMI
SCLK/P5_2 -— Serial Port g
RWBIP5_3 — with FIFO [P CLKOUT/PS_G
CS/IP5_4 <4— WDT
WAIT/P5_7 —P»
ETMCK/P9_6 —> General <— AVDD
ECTCK/PO 7 — | Timer [P € Voo
—— AI0
<» AD .
PW.MO/P7_4 4—_ Converter | :
: : PWM P> — AI23
PWM11/P8_7 <@ «@—— AGND
Port Cont.

TYYYYYYYYIYYY

P12 P11 P10 P9 P8 P7 P6 P5 P4 P3 P2 Pl PO

* The ML66Q592 is a Flash EEPROM (192K bytes) version.

|
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PIN CONFIGURATION (TOP VIEW)
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NI [1] 108] P2_5/RTO9
RES [2_| 107] P2_4/RTO8
BA 3] 106] GND
Voo [ @ 1051V,
AVp, [B_] [L04] P2_3/RTO7
v::: [6 ] 03] P2_2/RTO6
Ao [7_] [L02] P2_1/RTO5
AL [8] [101] P2_0/RTO4
a2 [0 ] [L00] P11_7
A3 [10] [99]P11_6
Al4 [11] [98]P11_5
Al5 [12] [97]P11_4
Al6 [13 [ 96] P11_3/(RMACK)
Al7 [14] | 95] P11_2/(RMCLK)
Alg [15] [ 94] P11_1/(RMTX)
Al9 [16]] [ 93] P11_0/(RMRX)
A0 [17] [92] TEST
Al11 [18 | [91] P12_1/A17
Al12 [19 1 90] P12_0/A16
AI13 [20]] [ 89] P1_7/A15
Al14 [21] [88] P1_6/A14
Al15 [22 ] | 87] P1_5/A13
A6 [23] [ 86] P1_4/A12
AlL7 [24] | 85] P1_3/A11
Al18 [25 | | 84] P1_2/A10
Al19 [26 | [ 83] P1_1/A9
AI20 [27 | 82] P1_0/A8
AI21 [28] [ 81] GND
AI22 [29] [ 80] Voo
AI23 [30] [79] PO_7/AD7
AGND [31 ] [ 78] PO_6/AD6
GND [32] | 77] PO_5/AD5
P6_O/INTO 33 | | 76] PO_4/AD4
P6_1/INT1 [34] [ 75] PO_3/AD3
P6_2/RXD1 [35 | | 74] PO_2/AD2
P6_3/TXD1 [36 | 73] PO_1/AD1
<
B B R B e P E R EE R
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144-Pin Plastic LQFP
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ABSOLUTE MAXIMUM RATINGS
Parameter Symbol Condition Rating Unit
Digital Power Supply Voltage Vbb -0.3t0 +7.0 \Y
Input Voltage Vi -0.3to Vpp+ 0.3 \%
Output Voltage Vo -0.3to Vpp+ 0.3 \%
Analog P Supply Volt AV -0.3to Vpp+ 0.3 \Y,
nalog Power Supply Voltage DD GND = AGND = 0 V Ty DDO3 -
-0.3to +0.3an
Analog Reference Voltage VREer Ta=25°C ep \%
—-0.3t0 AVpp+ 0.3
Analog Input Voltage Vai —0.3 t0 Vgrer \%
High-voltage Tolerant
> Vhv —-0.3to +13 Vv
Input Voltage *
L 1 per package 730 mw
Power Dissipation Pp Ta=95°C
per output 50 mw
Storage Temperature Tste — —50 to +150 °C

*1 |f this device is used in circumstances where the ambient temperature (Ta) exceeds 85°C, be sure to

contact your local Oki sales office in advance.

*2 Applied to TEST, EA (only for ML66Q592)
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RECOMMENDED OPERATING CONDITIONS
Parameter Symbol Condition Range Unit
Digital Power Supply Voltage Vbp 20 MHz < fosc < 28 MHz 451t05.5 \Y
Analog Power Supply Voltage AVpp Vbp = AVpp 45105.5 \
Analog Reference Voltage VRer — AVpp — 0.3 to AVpp \%
Analog Input Voltage Vai — AGND to Vrer \%
Memory Hold Voltage VooH fosc=0Hz * 2.0t055 Y
Operating Frequency fosc Vpp =5V £10% 20to 28 MHz
Ambient Temperature Ta®? — —40 to +95 °C
MOS load 20 —
PO, P7_0-P7_3 2 —
Fanout N = =
TTL load P1-P12
(except P7_0-P7_3) ! -
Digital Power Supply Voltage
during Flash ROM Vwr Ta =-40to +90°C 4.75t05.25 \Y
Programming
Ambient Temperature
during Flash ROM Twr Vop =4.75t05.25V —40 to +90 °C
Programming
Flash ROM Programming Ta =-40to +90°C
3 Cwr 100 cycle
Cycle Vpp =4.75t05.25 V

*1 fosc is the frequency of the internal master clock (the master clock is the frequency generated by
multiplying the original oscillation clock by 2).
*2 If this device is used in circumstances where the ambient temperature (Ta) exceeds 85°C, be sure to

contact your local Oki sales office in advance.

*3 Only for ML66Q592
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ELECTRICAL CHARACTERISTICS

DC Characteristics

(MVop =5V £10%, Ta=-40to +95°C)*2

Parameter Symbol Condition Min. Typ. Max. Unit
"H" Level Input Voltage 1 2.2 — |Vpp+0.3
Vin — Voo +
"H" Level Input Voltage 2, 4,5, 6,7 0.80Vpp — 03
"L" Level Input Voltage 1 v -0.3 — 0.8
"L" Level Input Voltage 2, 4, 5, 6, 7 " 0.3 — | 02veo | v
"H" Level Output Voltage 1,4 v lo = —400 pA Vop—-04 | — —
"H" Level Output Voltage 2 on lo =—200 pA Vop—04 | — —
"L" Level Output Voltage 1,4 v lo=3.2mA — — 0.4
"L" Level Output Voltage 2 o lo=1.6 mA — — 0.4
Input Leakage Current 3 — — | 0.1/-01
Input Leakage Current 6 — — 1/-1
|IH/|IL V= VDD/O Vv HA
Input Current 5 — — 1/-250
Input Current 7 — — 15/-15
"H" Level Output Current 1,4 | -2 — —
"H" Level Output Current 2 on -1 — —
Vo=24V mA
"L" Level Output Current 1,4 | 10 — —
"L" Level Output Current 2 o 5 — —
Output Leakage Current 1,2,4 ILo Vo = Vpp/O V — — +2 LA
Input Capacit C — —
P P y : f=1MHz , Ta=25°C pF
Output Capacity Co — —
Analog Reference Power A/D conversion in — — 12 mA
IRer progress
Supply Current -
A/D conversion stopped — — 10 KA
Supply Current Vpp =2V, Ta = 25°C* — 0.2 10
. Iops HA
(in STOP mode) * — 1 100
Supply Current .
i PRl IDDH fosc =28 MHz, ! —_ 65 90
(in HALT mode) mA
No Load
Supply Current Iop — 95 120
High-voltage Tolerant
3 %4 Vinv Vpp=4.75t05.25V |Vpp+4.75| — 12 Vv
Input Voltage '
High-voltage Tolerant Vop = 4.751t05.25V
v — — 1 mA

Input Current

*3, %4

Vigv=Vpp +0.3t0 12V

. Applied to PO
. Applied to AlI0-AI23

. Applied to RES

~NOoO ok WN PR

. Applied to OSCO

* Ports configured to be input should be connected to Vpp or 0 V; other ports should take no load.

. Applied to P7_0-P7_3

. Applied to EA, OE, NMI

. Applied to P1-P12 (excluding P7_0-P7_3)

714



FEDL 66592-01

OKI Semiconductor M L 66592/66Q592

*1 fosc is the frequency of the internal master clock.

*2 If this device is used in circumstances where the ambient temperature (Ta) exceeds 85°C, be sure to
contact your local Oki sales office in advance.

*3  Applied to TEST, EA (only for ML66Q592)

*4 When programming data into Flash ROM using the Oki’'s Flash ROM programmer or YDC's Flash

ROM programmer, use a resistor of 1 kQ or less if connecting an external resistor in series with the
TEST pin.

Apply a high voltage to the TEST or EA pin after a voltage within the range (4.75 to 5.25 V)
guaranteed for operation is applied to Vpp.

Remove a high voltage from the TEST or EA pin while a voltage within the range (4.75 to 5.25 V)
guaranteed for operation is being applied to Vpp.
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AC Characteristics

External Program Memory Control

(Vop =5V £10%, Ta=-40to +95°C)*2

Parameter Symbol Condition Min. Max. Unit

Master Clock (CLK) Pulse Width tow — 20.8 25

ALE Pulse Width taw 2tgv — 10 —

PSEN Pulse Width tow 2ty — 10 —

PSEN Pulse Delay Time tpaD tow — 10 tow + 10

Low Address Setup Time taLs . 2tgw — 15 2tgw + 3

Low Address Holdril'ime tALH tw > 208 s t(::/N— 10 tW@N+ 10 "

CL=50pF

High Address Setup Time taHs 3tgv — 10 4ty + 3

High Address Hold Time tapH 0 tgv + 10
Instruction Setup Time tis 30 —

Instruction Hold Time tin 0 tow — 10

*1 The master clock pulse is the frequency generated by multiplying the original oscillation clock by 2.
*2 If this device is used in circumstances where the ambient temperature (Ta) exceeds 85°C, be sure to

contact your local Oki sales office in advance.

*3 The electrical characteristics for external memory access apply for 20.8 < tyy < 25 ns.

Master clock (CLK)
(internal)

tow

ALE

taw

ﬁmuL

PSEN

I

trap tpw

PCO-7

ADO-AD7 <

>—< INSTO-7

taLs taLH

tis

tin

A8-AL7 —<

PC8-17

tans

>7
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A/D Converter Characteristics

(Ta = —40 to +95°C, AVpp = Vpp = Vrer = 5 V +10%, AGND = GND = 0V, fosc = 28 MHz) ™2

Parameter Symbol Condition Min. Typ. Max. Unit
Resolution n Refer to the measurement — — 10 Bit
Linearity Error EL circuit (Figure 1) — — +3
Differential Linearity Error Ep Analog input source impedance — — +1
Zero Scale Error Ezs R <5kQ — — +3 LB
Full Scale Error Ers tconv = 18.3 us — _ -3
Crosstalk Eer Refer .to the measurement . . “

circuit (Figure 2)
Conversion Time tconv by ADTM set data 9.1 — 18.3 ps/ch

*1 foscis the frequency of the internal master clock (the master clock is the frequency generated by
multiplying the original oscillation clock by 2).

*2

If this device is used in circumstances where the ambient temperature (Ta) exceeds 85°C, be sure to

contact your local Oki sales office in advance.

01

pF T
Reference . v
Voltage Vrer AVpp DD +5V

01| 47 |4 .
WET WF T ML66592/Q592 To1 a7

N uF | pF

> AIO-AI23
Analog input c = AGND GND oV
s

R, (Analog input source impedance) <5 kQ
C,00.1 pF

Figure 1 Measurement Circuit
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Crosstalk is defined as the

5kQ difference between the A/D

AlO conversion result when applying
the identical analog

. input to AI0—-AI23 and the A/D

! conversion result in the circuit

[}
[}
' in the left figure.
Al23

Vger Or AGND

Analog input All

A pF

I

Figure 2 Crosstalk Measurement Circuit

Definition of Terminology

1. Resolution
Resolution is the value of minimum discernible analog input.
With 10 bits, since 21° = 1024, resolution of (Vrer —AGND) + 1024 is possible.

2. Linearity error
Linearity error isthe difference between ideal conversion characteristics and actual conversion characteristics of
a 10-bit A/D converter (not including quantization error).
Ideal conversion characteristics can be obtained by dividing the voltage between Vger and AGND into 1024
equal steps.

3. Differential linearity error
Differentia linearity error indicates the smoothness of conversion characteristics.
Ideally, the range of analog input voltage that correspondsto 1 converted bit of digital output is1LSB = (Vrer—
AGND) + 1024. Differentia error isthe difference between thisideal bit size and bit size of an arbitrary pointin
the conversion range.

4. Zero scale error
Zero scale error is the difference between ideal conversion characteristics and actual conversion characteristics
at the point where the digital output changes from 000H to 001H.

5. Full-scale error

Full-scale error is the difference between ideal conversion characteristics and actual conversion characteristics
at the point where the digital output changes from 3FEH to 3FFH.
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PACKAGE DIMENSIONS
(Unit: mm)
LQFP144-P-2020-0.50-K \
&)
l NHRARAARAAAARARARARAAARARARAARAARARR
©= E®
= B >
= B 5
= =
| = = =
o2 = =S
sl sl 2 =
= =€D) .
LR LR RE R R EE L REREE EE R EERERERL <le
INDEX MARK 2 =1
Mirror finish | 55 1yp. 0.22+ 0.05[@0 100 = j 1&
0.17: 0.05 \7\}040"
%@E & 0.5TYP.
o o
g 0.6+ 0.15
71010 SEATING PLANE
Package material Epoxy resin

Oki Electric Industry Co.,Ltd.

Lead frame material

42 alloy

Pin treatment

Solder plating (=5pum)

Package weight (g)

1.37TYP.

Rev. No./Last Revised

5/Nov. 28, 1996

Notes for Mounting the Surface Mount Type Package

The surface mount type packages are very susceptible to heat in reflow mounting and humidity

absorbed in storage.

Therefore, before you perform reflow mounting, contact Oki’s responsible sales person for the product
name, package name, pin number, package code and desired mounting conditions (reflow method,

temperature and times).
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REVISION HISTORY
Page
DocI\LIJOment Date Previous | Current Description
' Edition Edition
FEDL66592-01 Mar. 22, 2002 - - First edition
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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.

2. The outline of action and examples for 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.

3. 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.

4.  Oki assumes no responsibility or liability whatsoever for any failure or unusual 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, exposureto parameters beyond the specified
maximum ratings or operation outside the specified operating range.

5. Neither indemnity against nor license of a third party’s industrial and intellectual property right, etc. is
granted by usin connection with the use of the product and/or the information and drawings contained herein.
No responsibility isassumed by usfor any infringement of athird party’ sright which may result from the use
thereof.

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

7.  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.

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

Copyright 2002 Oki Electric Industry Co., Ltd.
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