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1. PRECAUTIONS

1-1 Safety Precautions

1) Before returning an instrument to the customer,
always make a safety check of the entire instrument,
including, but not limited to, the following items:

(1) Be sure that no built-in protective devices are

defective or have been defeated during servicing.
(1) Protective shields are provided to protect both
the technician and the customer. Correctly replace
all missing protective shields, including any
remove for servicing convenience.
(2) When reinstalling the chassis and/or other
assembly in the cabinet, be sure to put back in
place all protective devices, including, but not
limited to, nonmetallic control knobs, insulating
fish papers, adjustment and compartment
covers/shields, and isolation resistor/capacitor
networks. Do not operate this instrument or permit
it to be operated without all protective devices
correctly installed and functioning.

(2) Be sure that there are no cabinet opening through
which adults or children might be able to insert
their fingers and contact a hazardous voltage.
Such openings include, but are not limited to,
excessively wide cabinet ventilation slots, and an
improperly fitted and/or incorrectly secured
cabinet back cover.

(3) Leakage Current Hot Check-With the instrument
completely reassembled, plug the AC line cord
directly into a 120V AC outlet. (Do not use an
isolation transformer during this test.) Use a
leakage current tester or a metering system that
complies with American National Standards
institute (ANSI) C101.1 Leakage.

Current for Appliances and underwriters
Laboratories (UL) 1270 (40.7). With the
instrument’s AC switch first in the ON position and
then in the OFF position, measure from a known
earth ground (metal water pipe, conduit, etc.) to all
exposed metal parts of the instrument (antennas,
handle brackets, metal cabinets, screwheads,
metallic overlays, control shafts, etc.), especially
and exposed metal parts that offer an electrical
return path to the chassis.

Any current measured must not exceed 0.5mA.
Reverse the instrument power cord plug in the
outlet and repeat the test.

N

(Reading
Should not
Test all Be above
Device | Exposed Meter 0.5mA)
Under Sufaces
Test
2-Wire Cord

Also test with Plug
Reserved (Using AC
adapter Plug as

AC Leakage Test

Earth Ground

Any measurements not within the limits specified
herein indicate a potential shock hazard that must
be eliminated before returning the instrument to
the customer.

(4) Insulation Resistance Test Cold Check-(1) Unplug

the power supply cord and connect a jumper wore
between the two prongs of the plug. (2) Turn on
the power switch of the instrument. (3) Measure
the resistance with an ohmmeter between the
jumpered AC plug and all exposed metallic
cabinet parts on the instrument, such as
screwheads, antenna, control shafts, handle
brackets, etc. When an exposed metallic part has
a return path to the chassis, the reading should be
between 1 and 5.2 megohm. When there is no
return path to the chassis, the reading must be
infinite. If the reading is not within the limits
specified, there is the possibility of a shock hazard,
and the instrument must be re-pared and
rechecked before it is returned to the customer.

Antenna
Terminal

|
Exposed / m t:}
Metal Part
Ohm

Insulation Resistance Test



2) Read and comply with all caution and safety related
notes non or inside the cabinet, or on the chassis.

3) Design Alteration Warning-Do not alter of add to the
mechanical or electrical design of this instrument.
Design alterations and additions, including but not
limited to, circuit modifications and the addition of
items such as auxiliary audio output connections,
might alter the safety characteristics of this
instrument and create a hazard to the user. Any
design alterations or additions will make you, the
service, responsible for personal injury or property
damage resulting there from.

4) Observe original lead dress. Take extra care to
assure correct lead dress in the following areas:
(1) near sharp edges, (2) near thermally hot parts
(be sure that leads and components do not touch
thermally hot parts), (3) the AC supply, (4) high
voltage, and (5) antenna wiring. Always inspect in

all areas for pinched, out-of-place, or frayed wiring.

Do not change spacing between a component and
the printed-circuit board, Check the AC power
cord for damage.

1-2 Servicing Precautions

CAUTION: Before servicing Instruments covered by
this service manual and its supplements, read and
follow the Safety Precautions section of this manual.

Note: If unforeseen circument create conflict between
the following servicing precautions and any of the
safety precautions, always follow the safety
precautions. Remember; Safety First

1-2-1 General Serving Precautions

(1) a. Always unplug the instrument’s AC power cord
from the AC power source before (1) removing or
reinstalling any component, circuit board, module
or any other instrument assembly. (2)
disconnecting any instrument electrical plug or
other electrical connection. (3) connecting a test
substitute in parallel with an electrolytic capacitor
in the instrument.

b. Do not defeat any plug/socket B+ voltage
interlocks with which instruments covered by this
service manual might be equipped.

c. Do not apply AC power to this instrument and/or
any of its electrical assemblies unless all
solid-state device heat sinks are correctly
installed.

d. Always connect a test instrument’s ground lead
to the instrument chassis ground before
connecting the test instrument positive lead.
Always remove the test instrument ground lead

5) Components, parts, and/or wiring that appear to
have overheated or that are otherwise damaged
should be replaced with components, parts and/or
wiring that meet original specifications.
Additionally determine the cause of overheating
and/or damage and, if necessary, take corrective
action to remove and potential safety hazard.

6) Product Safety Notice-Some electrical and
mechanical parts have special safety-related
characteristics which are often not evident from
visual inspection, nor can the protection they give
necessarily be obtained by replacing them with
components rated for higher voltage, wattage, etc.
Parts that have special safety characteristics are
identified by shading, an (A) or a (A) on
schematics and parts lists. Use of a substitute
replacement that does not have the same safety
characteristics as the recommended replacement
part might created shock, fire and/or other
hazards. Product safety is under review
continuously and new instructions are issued
whenever appropriate.

last.
Note: Refer to the Safety Precautions section
ground lead last.

(2) The service precautions are indicated or printed on
the cabinet, chassis or components. When
servicing, follow the printed or indicated service
precautions and service materials.

(3) The components used in the unit have a specified

flame resistance and dielectric strength.
When replacing components, use components
which have the same ratings, by (A) or by (Zﬁ)
in the circuit diagram are important for safety or
for the characteristics of the unit. Always replace
them with the exact replacement components.

(4) An insulation tube or tape is sometimes used and
some components are raised above the printed
wiring board for safety. The internal wiring is
sometimes clamped to prevent contact with
heating components. Install such elements as
they were.

(5) After servicing, always check that the removed
screws, components, and wiring have been
installed correctly and that the portion around the
serviced part has not been damaged and so on.
Further, check the insulation between the blades
of the attachment plus and accessible conductive
parts.



1-2-2 Insulation Checking Procedure

Disconnect the attachment plug from the AC outlet and
turn the power ON. Connect the insulation resistance
meter (500V) to the blades of the attachment plug. The
insulation resistance between each blade of the

1-3 ESD Precautions

Electrostatically Sensitive Devices (ESD)

Some semiconductor (solid static electricity) devices
can be damaged easily by static electricity.

Such compo9nents commonly are called
Electrostatically Sensitive Devices (ESD). Examples of
typical ESD devices are integrated circuits and some
field-effect transistors and semiconductor chip
components. The following techniques of component
damage caused by static electricity.

(1) immediately before handling any semiconductor
components or semiconductor-equipped assembly,
drain off any electrostatic charge on your body by
touching a known earth ground. Alternatively,
obtain and wear a commercially available
discharging wrist strap device, which should be
removed for potential shock reasons prior to
applying power to the unit under test.

(2) after removing an electrical assembly equipped
with ESD devices, place the assembly on a
conductive surface such as aluminum foil, to
prevent electrostatic charge buildup or exposure
of the assembly.

(3) Use only a grounded-tip soldering iron to solder or
unsolder ESD device.

(4) Use only an anti-static solder removal devices.

attachment plug and accessible conductive parts (see
note) should be more than 1 Megohm.

Note: Accessible conductive parts include metal
panels, input terminals, earphone jacks, etc.

Some solder removal devices not classified as
“anti-static’ can generate electrical charges
sufficient to damage ESD devices.

(5) Do not use freon-propelled chemicals. These can
generate electrical charges sufficient to damage
ESD devices.

(6) Do not remove a replacement ESD device from its
protective package until immediately before you
are ready to install it. (Most replacement ES
devices are packaged with leads electrically
shorted together by conductive foam, aluminum
foil or comparable conductive materials).

(7) Immediately before removing the protective
materials from the leads of a replacement ES
device touch the protective material to the chassis
or circuit assembly into which the device will be
installed.

CAUTION: Be sure no power is applied to the chassis
or circuit, and observe all other safety precautions.

(8) Minimize bodily motions when handling
unpackaged replacement ESD devices.
(Otherwise harmless motion such as the brushing
together of your clothes fabric or the lifting of your
foot from a carpeted floor can generate static
electricity sufficient to damage an ESD device).
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1 Applications
This present specifications are applied to IC MT1389J.

2 Type
MT1389J
3 Usage

Single Chip IC for DVD Player

4  Structure

0.13um CMOS process, Silicon material, Monolithic IC, 128pin LQFP, 3.3/1.2 Dual operation voltages.

3
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5 Function
5-1 General Description

MediaTek MT1389J is a cost-effective DVD system-on-chip (SOC) which incorporates advanced features like
MPEG-4 video decoder, high quality TV encoder and state-of-art de-interlace processing. The MT1389J enables
consumer electronics manufacturers to build high quality, USB2.0, MS/SD/MMC reader, feature-rich DVD players,
portable DVD players or any other home entertainment audio/video devices.

World-Leading Technology: Based on MediaTek’s world-leading DVD player SOC architecture, the
MT1389J is the New generation of the DVD player SOC. It integrates the MediaTek 3 generation front-end digital
RF amplifier and the Servo/MPEG AV decoder. To save power consumption for Earth, MediaTek use the .13um
Process to decrease the power consumption.

Rich Feature for High Valued Product: To enrich the feature of DVD player, the MT4 362.2quips a
simplified MPEG-4 advanced simple profile (ASP) video decoder to fully support the DivX~Hame Theater profile. It
makes the MT1389-based DVD player be capable of playback MPEG-4 content which beCoine more and more
popular.

Incredible Audio/Video Quality: The progressive scan of the MT1389J utilizad advanced motion-adaptive
de-interlace algorithm to achieve the best movie/video playback. The 108MHz/12-iit video DAC provides users a
whole new viewing experience. Built-in 6¢ch audio DACs and 2ch audio ADCs cculd give the variable function
solutions.

High Performance Memory Storage Device: As the core of Pariable DVD players need more capability to
support current multimedia contents. The MT1389J provides the inteniace for the 3-in-1 card reader, which
supports Memory-Stick, Secure Digital Memory Card, and MultiMediaCard, to connect with the mainstream digital
camera FLASH cards. For the USB application, we adopt USB2.0 High speed specification to reach rich-contents
transference. USB 2.0 High speed will support for high-spzad devices. USB 2.0 High Speed is suitable for
high-performance devices such as high-density storage c<vices. In addition, USB 2.0 High Speed supports old
USB 1.0/1.1 software and peripherals, offering impressiverand even better compatibility to customers

Key Features

.CVBS, Y/C, RF/Servo/MPEG Integration
I__‘ C DivX Home Theater Level MPEG4 ASP Video decoder
omponent Support DivX Ultra
MT1389J] —> SDPIF High Performance Audio Processor
Analog Progressive Scan
. 108MHz/12-bit, 4 CH TV Encoder
FLASH «—> Audio Internal 6CH Audio DAC
Output Internal 2CH Audio ADC
- USB2.0 High Speed (Host)
¢ |—> USB 2.0 3-in-1 MS/SD/MMC reader
S High Speed
Frgg&gg\el DRAM Applications
Standard DVD Players

DVD Player System Diagram Using MT1389J

" DivX is a trademark of DivXNetworks
2yusB High Speed : 480Mbit/sec. USB Full Speed : 12Mbit/sec.

4
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5-2 Key Features

B RF/Servo/MPEG Integration

B  Embedded 6¢ch Audio DAC

B  Embedded 2ch Audio ADC for Karaoke

B High Performance Audio Processor

B High Performance Progressive Video Processor
B Support DivX Ultra

B High Quality 108MHz/12-bit, 4 CH TV Encoder

B USB 2.0 High-Speed

5-3 Applications

B Standard DVD Players

B DVD Players Home Theater Application
B Portable DVD Players

® TV/DVD Combo Systems

5
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5-4 General Feature lists

B Super Integration DVD player single chip

High performance analog RF amplifier

Servo controller and data channel processing
MPEG-1/MPEG-2/JPEG video

Dolby AC-3/DTS Decoder

Unified memory architecture

Versatile video scaling & quality enhancement
OSD & Sub-picture

Built-in clock generator

Built-in high quality TV encoder

Built-in progressive video processor

Audio effect post-processor

Built-in 5.1-ch Audio DAC

Built-in 2-ch Audio ADC for Karaoke

USB 2.0 High-Speed

MS/SD/MMC 3-in-1 card reader

B Speed Performance on Servo/Channel

Decoding

=  DVD-ROM up to 4XS
= CD-ROM up to 24XS

B Channel Data Processor
= Digital data slicer for small jitter capability

= Built-in high performance data PLL for channe'

data demodulation

= EFM/EFM+ data demodulation

= Enhanced channel data frame sync protection
& DVD-ROM sector sync protection

B Servo Control and Spindle Motoi~Control

= Programmable frequency error gain and phase

error gain of spindle PL.L. i9 control spindle
motor on CLV and CA\irnode

=  Built-in ADCs and ©+Cs for digital servo
control

=  Provide 2 generai PWM

= Tray controrcan be PWM output or digital
output

B Embedded Micro controller

= Built-in 8032 micro controller

= Built-in internal 373 and 8-bit programmable
lower address port

1024-bytes on-chip RAM

Supports 5/3.3-Volt. FLASH interface
Supports power-down mode
Supports additional serial port

Up to 8M bytes FLASH-programming interface

6

DVD-ROM/CD-ROM Decoding Logic

» High-speed ECC logic capable of correcting
one error per each P-codeword or Q-codeword

= Automatic sector Mode and Form detection

=  Automatic sector Header verification

= Decoder Error Notification Interrupt that signals
various decoder errors

=  Provide error correction acceleration

Buffer Memory Controller

Supports 16Mb/32ME/64Nb/128Mb SDRAM
Supports 16-bit SDRAM data bus

Provides the self-refresh mode SDRAM
Block-based seciar addressing

Video Decode

= Dercdes MPEG1 video and MPEG2 main level,
mainprofile video (720/480 and 720x576)

= ~Decodes MPEG-4 Advanced Simple Profile

= . _Support DivX 3.11/4.x/5.x Home Theater
Profile

= Support DivX Ultra

=  Smooth digest view function with I, P and B
picture decoding

= Baseline, extended-sequential and progressive
JPEG image decoding

= Support CD-G titles

Video/OSD/SPU/HLI Processor

= Arbitrary ratio vertical/horizontal scaling of
video, from 0.25X to 256X

= 65535/256/16/4/2-color bitmap format OSD,

= 256/16 color RLC format OSD

=  Automatic scrolling of OSD image

Audio Effect Processing

Dolby Digital (AC-3) decoding
DTS decoding
MPEG-1 layer 1/layer 2 audio decoding
High Definition Compatible Digital (HDCD)
Windows Media Audio (WMA)
Dolby ProLogic Il
Concurrent multi-channel
IEC 60958/61937 output
- PCM/ bit stream / mute mode
- Custom IEC latency up to 2 frames
» Pink noise and white noise generator
= Karaoke functions
- Microphone echo
- Microphone tone control
- Vocal mute/vocal assistant

MEDIATEK CONFIDENTIAL, NO DISCLOSURE
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- Key shift up to +/- 8 keys
- Chorus/Flanger/Harmony/Reverb
= Channel equalizer
= 3D surround processing include virtual
surround and speaker separation

B TV Encoder

Four 108MHz/12bit DACs

Support NTSC, PAL-BDGHINM, PAL-60
Support 525p, 625p progressive TV format
Automatically turn off unconnected channels
Support Macrovision 7.1 L1, Macrovision 525P
and 625P

CGMS-A/WSS

Closed Caption

B Progressive Scan Video

= Automatic detect film or video source
= Advanced Motion adaptive de-interlace
=  Minimum external memory requirement

B Serial Flash Interface

= Supports 4Mb/8Mb/16Mb/32Mb/64Mb SPI
interface Serial Flash

B External Interface

= USB2.0 High Speed (Host)
=  Memory-Stick, Secure Digital Memory Card, and
MultiMediaCard Interface

B Outline

= 128-pin LQFP package
= 3.3/1.2-Volt. Dual operating voltages

7

MEDIATEK CONFIDENTIAL, NO DISCLOSURE



MEDINTEK

Specifications are subject to change without notice

General Feature — Third Party Proprietary Right
1. Dolby License

Supply of this Implementation of Dolby technology does not convey a license nor imply a right under any patent, or any other
industrial or intellectual property right of Dolby Laboratories, to use this Implementation in any finished end-user or ready-to-use

final product. It is hereby notified that a license for such use is required from Dolby Laboratories.

2. Macrovision License

This device is protected by U.S. patent numbers 4,631,603, 4,577,216, 4,819,098 and other intellectual groperty rights.
3. DTS License

©1996-2006 DTS, Inc.

4. Microsoft License

This product included technology owned by Microsoft Corporation and cannot be used or distributed without a license from

Microsoft GP.

8
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5-5 Pin Definitions

Abbreviations:

SR: Slew Rate

PU: Pull Up

PD: Pull Down

SMT: Schmitt Trigger

4mA~16mA: Output buffer driving strength.

Pin Main Alt. Type Description
Analog Interface (62)
Analog
123 RFIP AC coupled DVD RF signal input RFIP
Input
Analog ; ; |
124 REIN OPOUT ;) Aglcoupled DVD RF signal input RFII
Input ) GPI36
Analog
125 RFG OPINP Main beam, RF AC input pati
Input
Analog
126 RFH OPINN Main beam, RF AC inuut path
Input
Analog
127 RFA RF main.bea:n input A
Input
Analog
128 RFB RF ‘main beam input B
Input <|;
Analog
1 RFC RF main beam input C
inbut
p¢_aralog
2 RFD RF main beam input D
L Input
Analog
3 RFE RF sub beam input E
Input
Analog
4 RFF RF sub beam input E
Input
Analog
5 AVDD12_2 Analog 1.2V power
power
Analog
6 AVDD33 1 Analog 3.3V power
Power
7 XTALI Input 27MHz crystal input

9
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Pin Main Alt. Type Description

8 XTALO Output 27MHz crystal output
Analog

9 AGND33 Analog Ground
Ground
Analog

10 Reference voltage 2.0V

V20 output

Analog

11 Reference voltage 1.4V

V14 output

Analog 1) Current reference input. It generates reference current1or RF path.

12 REXT GPO5 Connect an external 15K resistor to this pin and'8%3S

Input 2) GPO5

Analog

13 MDI1 Laser power monitor input

Input

Analog

14 LDO1 Laser driver output
Output
Analog

15 LDO2 Laser driver output
Output
Analog

16 AVDD33_2 Analog 3.3V poveer
Power
Analog

17 DMO Disk mauor control output. PWM output
Output
Analog

18 FMO Feed motor control. PWM output
Output
Analog

19 |TRAY_OPEN Tray PWM output/Tray open output
Output
Analog

20 | TRAY_CLOSE Tray PWM output/Tray close output
Output
Analog

21 TRO Tracking servo output. PDM output of tracking servo compensator
Output
Analog

22 FOO Focus servo output. PDM output of focus servo compensator
Output

1) Motor Hall sensor input

23 FG GPIO2 | Analog 2) GPIO2

24 | USB_DM AI?:‘)'UOtg USB port DMINUS analog pin

25 | USB DP Alﬂi';’tg USB port DPLUS analog pin

26 |VvDD33_USB USB Power| USB Power pin 3.3V

10
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Pin Main Alt. Type Description
uSB .
27 | VSS33_USB Ground USB ground pin
28 PAD_VRT P}rrlzluotg USB generating reference current
29 VDD12_USB USB Power| USB Power pin 1.2V
96 DACVDDC Power 3.3V power pin for video DAC circuitry
1) Bandgap reference voltage
VREF PO14
97 GPO Analog 2) GPO14
98 FS Analog Full scale adjustment (suggest to use 560 ohm)
99 DACVSSC Ground Ground pin for video DAC circuitry
100 CVBS Analog Analog CVBS or C
101 | DACVDDB Power 3.3V power pin for video DAC circuitry
102 Y/G Analog Green, Y, SY, or CVBS
103 B/CB/PB Analog Blue, CB/PB, or SC
104 R/CR/PR Analog Red, CR/PR, CVBS, or SY.
105 AADVSS Ground Ground pin for 2ch audio ADC circuitry
1) Audio ADC input/2
2) Audio Mute
106 AKIN2  |GPIO19| Analog 3) MCDATA
4) SPDiE
5) GrIQLY
Orln - H
107 ADVCM  |GPIO20| Analog 1? ;c. audio ADC reference voltageC
27\, GP1020
| 25~ Audio ADC input 1
2) Audio Mute
108 AKIN1  |GPIO21| Analog 3) AS DATA3
~ 4) GP1021
109 AADVDD rower 3.3V power pin for 2ch audio ADC circuitry
.'_
110 |ADACVSS2 Ground Ground pin for audio DAC circuitry
111 | ADACVSSH Ground Ground pin for audio DAC circuitry
\ Analog 1) AUDIO DAC LFE channel output
112 | ARF/LFE | GPIO 2) ACLK
Output | 3) GpPIO_LFE
Analog 1) AUDIO DAC RS channel output
113 ARS GPIO 2) ABCK
Output | 3) GpIO_ARS
1) AUDIO DAC right channel output
Analog
114 AR GPIOO 2) RXD2
Output 3) ASDATA2
4) GPIO_AR
115 AVCM Analog Audio DAC reference voltage

11
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Pin Main Alt. Type Description
1) AUDIO DAC left channel output
Analog
116 AL GPIO1 2) TXD2
Output 3) ASDATAl
4) GPIO_AL
Analog 1) AUDIO DAC LS channel output
117 ALS GPIO 2) ALRCK
Output | 3y GplO_ALS
1) AUDIO DAC CENTER channel output
ALF Analog i
118 GPIO 2) Audio Mute
/CENTER Output 3) ASDATAO
4) GPIO_CENTER
Analog
119 |ADACVDD1 3.3V power pin for audio DAC circuitry
Power
Analog
120 |ADACVDD2 3.3V power pin for audio DAC circuitry
Power
Analog
121 | AvDD12_1 Analog 1.2V power
Power
Analog
122 AGND12 Analog Ground
Ground
General flower/Ground (7)

56,87 | DVDD12 Power 1.2V zowei pin for internal digital circuitry
81 DVSS12 Ground 1:2V.Ground pin for internal digital circuitry
51, r

DVDD33 Power 3.3V power pin for internal digital circuitry
71,84
50 DVSS33 i Sround 3.3V Ground pin for internal digital circuitry
Micro Controller , Flash Interface and GPIO(11)
InOut
30 SF CS_ 8mA, SR Serial Flash Chip Select
PU, SMT
InOut
31 SF_DO 8mA, SR Serial Flash Dout
PD, SMT
InOut
32 SF_DI 8mA. SR Serial Flash Din
PU, SMT

12
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Pin Main Alt. Type Description
InOut
33 SF_CK 8mA, SR | Serial Flash Clock
PD, SMT
InOut 1) Microcontroller port 1-6
2) SD_D1setD
34 UP1_6 SCL | 4mA, SR | 3) MS_D1setD
4) RXD3
PU, SMT 5) I1°C SCK
InOut 1) Microcontroller port 1-7
2) SD_D2setD
35 UP1_7 SDA | 4mA, SR | 3) MS_D2setD
4) TXD3
PU, SMT 5) I1°C SDA
1) Microcontroller port 3-5 (Internal Pull;Ug)
2) SD_DO set B/D/E/F
3) SD_D2setC
37 GPIOS InOut | 4) MS_DO set B/ID/E
4mA, PU 5) MS_D2setC
6) TXD1
7) ASDATA2
8) GPIO6
Input
38 PRST# Power on reset inpu’, 4ctive low
PU, SMT
Input
39 IR IR contral signal input
SR, SMT
1) NINT_
InOut | 23+ Microcontroller port 3-1 (Internal Pull-Up)
38) SD_CLK set D/F
40 | GPIO3 | INT# | 8mA, SR 4; VS CLK wot BID/E
SiAT 5) TXD4
1 6) GPIO3
1) Microcontroller port 3-4 (Internal Pull-Up)
Inout 2) MS_BSsetB
nOu
4 | cplos 4 ASDATAD
4mA,PD | %)
5) ALRCK
6) GPIO4
Dram Interface (37) (Sorted by position)
InOut,
52 RDO DRAM data 0
2mA
InOut
53 RD1 DRAM data 1
2mA
InOut
54 RD2 DRAM data 2
2mA

13
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Pin Main Alt. Type Description
InOut
55 RD3 DRAM data 3
2mA
InOut
57 RD4 DRAM data 4
2mA
InOut
58 RD5 DRAM data 5
2mA
InOut
59 RD6 DRAM data 6
2mA
InOut
60 RD7 DRAM data 7
2mA
InOut
61 DQMO Data mask 0
2mA, PD
InOut
62 RD15 DRAM data 15
2mA
InOut
63 RD14 DRAM data 14
2mA
InOut
64 RD13 DRAM data 1o
2mA
InOut
65 RD12 DRAIM data 12
2mA
InOut
66 RD11 DRAM data 11
2mA
nCut
67 RD10 i DRAM data 10
InOut
68 RD9 DRAM data 9
2mA
InOut
69 RD8 DRAM data 8
2mA
InOut
70 DQM1 Data mask 1
2mA, PD
InOut
72 RCLK Dram clock
4mA, PD
InOut
73 RAM DRAM address bit 11
2mA, PD

14
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Pin Main Alt. Type Description
InOut
74 RA9 DRAM address 9
2mA, PD
InOut
75 RAS8 DRAM address 8
2mA, PD
InOut
76 RA7 DRAM address 7
2mA, PD
InOut
77 RAG6 DRAM address 6
2mA, PD
InOut
78 RA5 DRAM address 5
2mA, PD
InOut
79 RA4 DRAM address 4
2mA, PD
Output
80 RWE# DRAM Write enable, active low
2mA, PD
Output
82 CAS# DRAM column addre:s strobe, active low
2mA, PD
Output
83 RAS# DRAM row 2adress strobe, active low
2mA, PD
InOut
85 BAO DRAIM vank address 0
2mA, PD
InOut
86 BA1 DRAM bank address 1
2mA, PD
nCut
88 RA10 i DRAM address 10
| 2mA, PD
InOut
89 RAO DRAM address 0
2mA, PD
InOut
90 RA1 DRAM address 1
2mA, PD
InOut
91 RA2 DRAM address 2
2mA, PD
InOut
92 RA3 DRAM address 3
2mA, PD

15
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Pin

Main

Alt.

Type

Description

45

GPIO7

CKE

InOut
4mA, PD

—_

Dram Clock Enable

SD_CLK set A/IC

MS_CLK set A/C

Y4/Y3

ACLK

ASDATA1

MCDATA

Microcontroller port 1-4 (Internal Pull-Up)
GPIO 7

O NO O WN
— — — = = = T — —

©

GPIO (11)

44

GPIO8

InOut
4mA, PD

SD_CLK set E

SD_CMD set A/C

MS_BS set A/C

Y5/Y2

ASDATA2

ACLK

MCDATA

Microcontroller port 1-5 (Inteznal Pull-Up)
GPIO8

43

GPIO9

InOut
4mA, PD

SD_CMD set E
SD_DO set A/C
MS_DO set A/G
Y6/Y1
ASDATA¢
ABGK

GRIDY

94

GPIO10

InOut
4mA, PD

8L, D3 setD
MS_D3 setD
GPIO10

e [ D DD D [ DD —

36

GPIO11

inOut
4mA, PU

SD D1setC

SD_CMD set B/D/F

MS_BS set D/E

ABCK

ASDATAO

Audio Mute

RXD1/ RXD4

Microcontroller port 3-0 (Internal Pull-Up)
GPIO11

h— o ~— = = ~— — ~— ~—

93

SPDIF

GPI1012

InOut
2mA, PD

SPDIF output
GPIO12

42

GPIO13

InOut
4mA, PD

SD_CLK setB
SD_D3setC
MS_D3 setC
Y7/Y0

ALRCK

Audio Mute
GPIO13

[ — — — — ~— —

16
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Pin Main Alt. Type Description
nout 1) SD_DO set G
noOu

46 GPI029 2) MS_DOSGtF

4mA, PD | 3) Y3/v4
4) GPIO29
1) SD_CMD set G
InOut 2) MS_BSsetF
47 GPIO30 3) Y2/Y5
4mA,PU | 4) AS DATA3
5) GPIO30
1) SD_CLKsetG
InOut 2) MS_CLK setF
48 GPIO31 3) Y1/Y6
4mA, PU | 4) AS DATA3
5) GPIO31
InOut
49 | GPIO32 1) YOrY7
4mA PD | 2) GPIO32
InOut
95 GPIO33 1) GPIO33
4mA, PD
Note:

1. The Main column is the main function, Alt.‘micans alternative function.
2. The multi-function GPIO pins are set to-green characters.

17

MEDIATEK CONFIDENTIAL, NO DISCLOSURE




EDIATEK

Specifications are subject to change without notice

5-6 Functional Block

DVD
2 — Zong I |, o
Module "| TV Encoder P
Video
A RF Amplifier
} Ll Video DAC
< » Servo 10
Motor Servo )
Drive Processor Video ~ De-
Spindle Processor interlacer
- ul Control M
FLASH < MPEG-1/2/4
ROM Ly Audio JPEG
Memory DSP .
Controller < > Video Decoder
> -
Internal
6ch Audio DACs
6ch Audio Analog
DRAM > outputs
PCM dutput Audio
System 5
P):rser . ~an i g DAC
\ Audio
& Ouptut
CPPM/CPRM
DRM ——» SDPIF
—>
System ) R
GPIO 44— CPU ) p— Audio Micl
32-0n
RISC Audio Mic2
Internal
IR/VFD | Audio ADC
USB 2.0 High USB 2.0 High
Speed » / Full Speed
controller Device
MS/SD/MMC
Card » MS/SD/MMC
Controller Flash Card

18
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6 Pin Assignment

X
il
P4
Py
G 5
~ < 8 > o m
col 28§ > 8 I
TS 08 O _ 0O o
zz 9 zE= o5 @
Q?%Z'uazgf" o5 » 2
D> O TN [ IONGENN
BNORNNRNRRNDNIAISDIZIZIIZIIIISOOODO9 3D D0 ¢
QO =1 O (h D (o N\ o O 0o ~J o (N b (o N\ o O 00 1 o (D (o N oo - X a
RFC 1 96  DACVDDC
RFD 2 95  GPIO33
RFE 3 94  GPIO10
RFF 4 Video 93  SPDIF/GPIO12
AVDD12 2 5 AC 92 RA3
AVDD33 1 6 91 RA2
XTALl 7 90  RA1
XTALO 8 89  RAO
AGND33 9 88  RA10
V20 10 87
V14 11 86  BAT
REXT / GPO5 12 85 BAO
MDI1 13 84  DVDD33
LDO1 14 83  RAS#
LDO2 15 82  CAs#
AVDD33 2 16 81
DMO 17 80  RWE#
FMO 18 USB 79 RA4
TRAY_OPEN 19 78  RA5
TRAY_CLOSE 20 N} 77 RAG
TRO 21 \ 'I 76 RA7
FOO 22 N 75  RAS8
FG/GPIO2 23 74 RA9
USB_DM 24 73 RAM
USB_DP 25 72 RCLK
26 71 DVDD33
27 70  DQM1
PAD_VRT 28 69  RD8
VDD12_USB 29 68  RD9
SF_CS_ 30 67  RD10
SF_DO 31 66  RD11
SF_DI 320y 65  RD12
W W W WWW WA DADAMDAMDMDMDARADMDOOOQOQO OO0 O D
AR OO NOOO-_2NWAROAIONOOO-_2NWPRAROAODON®O®OO-=-2NWH
NCCOOIJTOLOHOOBOLLOLOOOGOOO XDV X0 000 00X
TY¥YVIVRTIVIVIIVIVIIIDIISSO0DOMID00Q0000
Q17003 0000000000 pg Sarw
X o ~N3&H DR IOCOINRDREH G ©
- - = - w -~ ©O =N& g
28 z Q
[l # fm
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7 Absolute Maximum Ratings

Symbol Parameters Value Unit
VVDD3 3.3V Supply voltage -0.3t0 3.6 \%
VDD2 1.2V Supply voltage -0.3t0 2.1 \%
VDDA Analog Supply voltage -0.3t0 3.6 \%

Vin(3.3V) Input Voltage (3.3V 10) -0.3t0 3.63 \Y,

Vin(5V-tolerance) |Input Voltage (5V-tolerance 10) -0.3t0 5.5 \
Vour Output Voltage -0.3 to VDD3+0.3 | Vv
Tste Storage Temperature -45 to 150 I °C
8 Recommend Operation Condition
Symbol Parameters Min \| Typ Max Unit
Top Operating Temperature 0 B 70 °C
Ty Junction Operation Temp. 0 25 115 °C
VDD3  (3.3V Supply voltage 3.1 3.3 3.6 \
VDD2 1.2V Supply voltage <] 1.15 1.25 1.35 \%
VDDA  |Analog Supply voltage N 3.1 3.3 3.6 \%
Vi (3.3V) |Input voltage high (3.2 {0) > 2.0 - - \Y,
Vi (3.3V) [Input voltage low (3.3:0) - - 0.8 \Y,
liH High level input current 10 UA

[ Low level ;.’\p:'t_current -10 UA

Po Power d;sipation 15 w

Poown Lvaa_rdown mode 0.1 w
fclk i.nput frequency of clock 27 MHz
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9 Electrical Characteristics
9-1 DC Characteristics

Symbol Parameters Min Typ Max Unit
Vo (3.3V) |Output voltage high (3.3V 10) (*loy = 2 ~ 16mA) 24 - - \Y
Vo (3.3V) |Output voltage low (3.3V 10) (*lo. = 2 ~ 16mA) - - 0.4 \Y

Rpu Pull-up Resistance 40 75 190 KQ
Rpd Pull-down Resistance 40 75 190 KQ

FOOorr |Offset voltage between FOO zero output and Vrer -50 0 fi0 mV

TROorr [Offset voltage between TRO zero output and Vger -40 0 .\ 40— mV

DMOorr |Offset voltage between DMO zero output and Vger -30 0 i 30 mV

Note * : The driving current of some IO pad are programmable according to tha different application and

environment . All setting will be defined according to the F/W progress and test result.

9-2 Built-in Audio-DAC Characteristics

Note *: All parameters is measured on MediaTek’s DVD player reference DVD board, the actual performance depends on
different PCB design.

SYMBOL PARAMETER MIN. TYP. MAX. UNIT
Output swing level:
Vout Digital i/p level =0 dBFS , ADACVDD =3.3V 0.9 1.0 1.1 Vp
(Vout=1.0 *ADATVDD/3.3)
Ro Output imperlance @ 1kHz 50 100
RL_min Minimuin resister load 5 K
CL_max Mzximeri capacitor load 20 PF
S/(THD+N) @ 0 dBFS;
S/(THD+N) fin= 1kHz; Fs = 48kHz, A-weighted 83 dBr(A)
DR Dynamic Range 83 dBr(A)
SNR Signal to noise ratio; A-weighted 90 dBr(A)
SCha””.e' | Close-talk of Left and Right Channel 85 dB
eparatlon_ ~Y
21
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9-3 Built-in Audio-ADC Characteristics

Test Condition:

DSP MIC1 Gain =0 (0)

DSP MIC2 Gain = 0dB.(2000)
Echo level = 0 dB

Measure SPDIF output.

CIC filter right shift 3 bit

MIC threshold=

0

Apwin output Z= 600

Test signal : 1K Hz sin wave Vpp(V)

Max Input (with output THD+N <60 29

dbfs)

DC bias level 1.3

Test signal : 1K Hz sin wave

Input (Vpp) Output
THD+N(dBFs)

3V 45

2.828V .65

2.75V -65.6

2.5V AV -66

2V N -66.5

1.5V > -66.7

1V -66.6

0.5V > -67.8

Test signal : 2.828 Vit~

Input frequency: NN Amp(dBFS)

1 KHz \ -0.544

4KHz N -0.574

8khz -0.66

16KHz -0.981

20KHz -1.24

22KHz -2.44

22
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9-4 Built-in Video-DAC Specifications

Input Codes for Video Application:

NTSC

NTSC w/setup

525 |

525 | w/setup

525 P

Programable,

Programable,

Programable,

Programable,

Programable,

WHITE (235) Current setting: Current setting: Current setting: Current setting: Current setting:
3297 3297 3297 3297 3290
BLACK (16) 960 1120 960 1120 1008
PEDESTAL 960 960 960 960 1008
SYNC TIP 64 64 64 64 64
525 P w/s PAL 625 | 625 P : RGB
Programable, Programable, Programable, Programable,
WHITE (235) - Current setting: Current setting: Current setting: Current setting:
3290 3290 _ ~3290 2282
BLACK (16) -—- 1008 1008 7008 0
PEDESTAL -—- 1008 1008 1008 -
SYNC TIP 64 64 64 -
9-5 Video Output Voltage Level:
High Impedance Mode:
|ou1' (max) =19.4152 / RREF, RREF = 2.2 KOhm
Vou'r (max) = RLOAD * |ou1' (max) =1.3237V Q,_:AD =150 Ohm
Vou'r = D|N/ 4095 * Vou'r (max) = D|N * RLQAL,* 0.0047412 / RREF
Low Impedance Mode:
|ou1' (max) =19.4152 / RFEF, RREF =560 Ohm
Vou'r (max) = RLOAI: * 'cu' (max) =1.3 V, RLOAD = 37.5 Ohm ( 75 Ohm || 75 Ohm )
Vou'r = D|N/ 40935* \'QUT (max) = D|N * RLQAD* 0.0047412 / RREF
9-6 Videa.LAC DC Electrical Characteristics
(Operating Free-Air Temperature, AVDD 3.3V, DVDD = 3.3V).
Analog Output MIN TYP | MAX UNIT
Full Scale Output Current CVBS/Y/C/R/G/B  (low impedance mode) 33.6 | 346 | 34.9 mA
Full Scale Output Current CVBS/Y/C/R/G/B  (high impedance mode) 840 | 865 | 8.73 mA
LSB current CVBS/Y/C/R/G/B (low impedance mode) 32.8 | 33.8 | 34.1 uA
LSB current CVBS/Y/C/R/G/B (high impedance mode) 8.20 | 845 | 8.52 uA
DAC-to-DAC Mis-Matching -- 1.28 -- %

23
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Output Compliance 0 -- 1.35 \%
DAC Output Delay -- 1.5 10 ns
DAC Rise/Fall Time -- 2.1 5
\oltage Reference
Reference Voltage Output 1.27 \
Reference Input Current 2.267 MA
Static Performance
DAC Resolution 12 Bits
DNL Differential Non-Linearity +/-0.2 |*/-0.25 +/-0.3 LSB
INL Integral Non-Linearity +/-0.35| */-0.4 |+/-0.49| LSB
Dynamic Performance
Differential Gain [ 0.8 1.5 %
Differential Phase 0.6 1.5 0
S/N Ratio 70 dB
Power Supply
Supply Voltage 3.0 3.3 3.6 V
9-7 RF specification
Item Designator | Conditions Min Typ Max Unit
3.3V POWER 3.00 3.30 3.60 | Volts
Enable power down 10 27 50 mA
Power Down Mode
Chip Reset 90 151 200 mA
Reference Voltage 20 Force current =0A 1.85 1.99 2.15 Volts
Reference Voltage V14 Force current =0A 1.25 1.39 1.55 Volts
0Ah=10 ;APC1 on
MDI1 166 184 202 mV
MDI1=180mV
APC1(CD)
LDO1 0Ah=00 ;APC1 off 3.00 3.28 \%
MDI1—LDO1 0Ah=10; APC1 on 212 254 295 VIV
0Bh=10 ;APC2 on
MDI2 166 184 202 mV
MDI2=180mV
APC2(DVD) LDO2 0Bh=00 ;APC2 off 3.00 3.28 Vv
0Bh=10; APC2 on
210 265 298 VIV
MDI2—LDO2 High gain

24
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Response

R=G(10kHz)-G(300Khz)

Item Designator Conditions Min Typ Max Unit
05h=30; low gain
Focusing Error Gain MA — FEO 7.5 10.3 11.5 dB
With 10KHz Sin Input
05h=7C; low gain
Focusing Error Frequency
MA — FEO With 10KHz, 300KHz Sin Input 16 23.9 dB
Response
R=G(10kHz)-G(300Khz)
Focusing Error Common |MA — FEO 05h=3F; low gain
-34 -20 dB
Mode Gain MB — FEO With 10KHz Sin Input
Toggle 05h bit5 : FELG
Focusing Error H/L Gain |MA — FEO 2.75 299 3.25 VIV
With 10KHz Sin Input
Focusing Error offset Input Floating
Toggle 4Dh : FEOS[6:0] 65 103 140 mV
Adjustment step Measure FEO
05h=7C; low gain
Focusing Error THD MA — FEO 30 54 dB
With 10KHz Sin Input
06h=F0; low gain
Central Servo Gain MA — CSO 12.5 14.1 15.5 dB
With 10K'4.2.Sin Input
06h=5i-0ow gain
Central Servo Frequency
MA — CSO Wity 10KHz, 300KHz Sin Input 14 214 dB
Response
R=G(10kHz)-G(300Khz)
Central Servo Common |MA — CSQ 06h=F0; low gain
-30 -10 dB
Mode Gain MB & CSO With 10KHz Sin Input
| Toggle 06h bit5 : CSOLG
MA — CSO 2.75 2.97 3.25 VIV
Central Servo H/L Gain With 10KHz Sin Input
Central Serva eifset Input Floating
Toggle 4Eh : CSOOSI6:0] 65 108 140 mV
Adjustment step Measure CSO
06h=F0; low gain
Central Servo THD MA — CSO 30 53 dB
With 10KHz Sin Input
07h=70; low gain
Tracking Error Gain MA — TEO 13 15 17 dB
With 10KHz Sin Input
07h=70; low gain
Tracking Error Frequency
MA — TEO With 10KHz, 300KHz Sin Input 16 24.2 dB

25

MEDIATEK CONFIDENTIAL, NO DISCLOSURE




Specifications are subject to change without notice

Item Designator Conditions Min Typ Max Unit
Tracking Error Common |MA — TEO 07h=7F; low gain
-22 -10 dB
Mode Gain MB —» TEO With 10KHz Sin Input
Toggle 07h bit6, 5
Tracking Error H/L Gain  |MA — TEO 4 5.8 8 VIV
With 10KHz Sin Input
Tracking Error offset Input Floating
Toggle 4Fh : TEOS[6:0] 65 110 140 mV
Adjustment step Measure TEO
07h=7F; low gain
Tracking Error THD MA — TEO 30 42 dB
With 10KHz Sin Input
08h=60; low gain
RFL Gain MA — LVL -6.5 -4.6 -3.5 dB
With 10KHz Sin Input
08h=7F; low gain
RFL Frequency Response|MA — LVL With 10KHz, 300KHz Sin Input 14 22.7 dB
R=G(10kHz)-G(300Khz)
Toggle 09h bit1 : LVLATKR
RFL H/L Gain | MA — LVL 0.3 0.52 0.7 VIV
With 10KHz Sin Input
Toggle 09h bitZ» SBADHG
RFL H/L Gain Il SA - LVL 25 2.77 3.1 VIV
With 10KHz Sin Input
RFL offset Adjustment Input Floating
Toggie. 50h : LVLOS[6:0] 65 113 140 mV
step Measure LVL
|08h=7F; low gain
RFL THD MA — LV 30 44 dB
With 10KHz Sin Input
9-8 Micro Controllerdricerface
Parameter Symbol Min. Max. Units
Oscillator Frequency 1/Tf 0 23.3 MHz
ALE Pulse Width TO 1.5T-5 ns
ALE Low to Valid Instruction T 2.5Tf-20 ns
ALE Low to PSEN Low T5 0.5Tf-5 ns
Address Valid to ALE Low T2 0.5Tf-5 ns
Address Hold After ALE Low T9 0.5Tf-5 ns
PSEN Pulse Width T3 2.0Tf-5 ns
PSEN Low to Valid Instruction T4 2.0Tf-20 ns
26
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Input Instruction Hold After PSEN high T8 0 ns
Input Instruction Float After PSEN high T6 1.0Tf-5 ns
Port 0 Address to Valid Instruction T10 3.0Tf-20 ns
Port 2 Address to Valid Instruction T11 3.5Tf-20 ns
PSEN Low to Address Float T7 0 ns
—1t0 ——»——1t1 —»
ALE «—t2 J / \_ >
«——1t3 >
| e A
PSEN
—» t5 [+— —» 16 [«—
—»|t7 — I
—» 19 t8
Port O . ADR[7:0] | Inse ) ADRI[7:0]
- +
- t10 ——»!
——t11 ——>
Port 2 ADR[15:8] X

Program Memory Read Cycle Timing Diagram

9-9

Digital Video Output Interface

"ufvr;v;n-eter Symbol Min Typ Max Units
Oscillator Fre q__ujnZy 1/T1 27 MHz
YUV dig‘ml_uutput delay T2 15 ns
HSYNE #{ising delay T3 15 ns
VSYNC Rising delay T4 15 ns
HSYNC Falling delay T5 20 ns
VSYNC Falling delay T6 20 ns
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-t

x|\

YUV[7:0] )

12>
YUV[7:0] | X YUV[7:0] X
13 15
HSYNC | |
“t4-»] 16

VSYNC

Digital Video Output Interface Timing Diagram

9-10 SPDIF I/O Interface

A S A W

Parameter Symbol Min ~ ]I_ Typ Max Units
BCK negative edge to ASDATA valid T 1.6 ) 3.0 ns
ASDATA/LRCK input setup T2 ) 3.0 ns
ASDATA/LRCK input hold T3 1.2 ns

BCK J—T\i
t1
L

ASDATA/LRCK |

ASDATA/LRCK >

SPLIN_BCK __/ S

X
\
Ayl

B S

2 —»e—t3—»

ASDATA/LRCK |

X

ASDATA/LRCK >< ASDATA/LRCK

(input)

SPDIF Input/Output Timing Diagram
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9-11 DRAM Interface

0 1 2 3 4 5 6 7 8 o 10 1 2 3 4 S5 6 7 8 9 0 31 2 3 M 35
CLK_//_\\_//_\\_//_\\_//_\\_//_\\_//_\_//_\\_//_\\_//_\_//_\_/,_\_/,_\_//_\\_/
tRAS
RAS] |/ / I\ / i\ N\ |/ \|/ |
CAS| / J A1/ N1/ / I\ / I\ |
WE | L \ / I\ \i/ N\ i/ \ |
ADR| XRa X X CaX XCbX L XroX |
BA | XESK XESK XESX T XBsX |
AP | XRaX A/ N/ / Rb |
DQ (@) Bt
DQM | A\ / \Ni/
Row *Active Rgad W?ite Precﬁarge Row gctive
' -6 7 -75
Parameter Symboi | Units
Min Max Min Max Min Max
CLK cycle time CAS latency =3 (| tCC 7.5 - 7.5 - 7.5 - ns
SDRAM input setup time tSS 1.5 1.75 1.75 ns
SDRAM input hold time tSH 1 1 1 ns
Active to Precharge comraaad period tRAS 42 100K 49 100K 52 100K ns
Precharge to Active-<ceminand period tRP 18 20 20 ns
Active to read/writercaimmand delay tRCD 18 20 20 ns
Write recovery:time CL=3 tWR 6 7 7.5 ns
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FREQUENCY vs. AC PARAMETER RELATIONSHIP TABLE

-6T (Unit: number of clock)
CAS tRAS tRP tRCD tWR
Frequency
Latency 42ns 18ns 18ns 6ns/10ns
133MHz (7.5ns) 3 6 3 3 1
125MHz (8ns) 2 6 3 3 1
100MHz (10ns) 2 5 2 2 1
7T (Unit: number of clock)
CAS tRAS tRP {RCD tWR
Frequency
Latency 49ns 20ns 20ns 7ns/10ns
133MHz (7.5ns) 3 7 3 3 1
125MHz (8ns) 3 6 3 3 1
100MHz (10ns) 2 5 2 2 1
75T (Unit: number of clock)
CAS tRAS tRP tRCD tWR
Frequency
Laency 45ns 20ns 20ns 7.5ns/10ns
133MHz (7.5ns) 3 6 3 3 1
(D,
125MHz (8ns) i 3 6 3 3 1
100MHz (10ns) 2 5 2 2 1
-8T (Unit: number of clock)
CAS tRAS tRP tRCD tWR
Frequency
Latency 48ns 20ns 20ns 8ns/10ns
125MHz (8ns) 3 6 3 3 1
100MHz (10ns) 3 5 2 2 1
30
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10 Marking on Devices

resrertor—> NEDIATEK | #ocucrare

MT1389 FE
Date Code (Year+Week) —T—> YYWW- JXXL < Lead Frec'Product
LLL
/I\ 1
MTK Production Code Lot No.

11 Package Description

11-1 Package Outline Dimension

The bend lead are controlled under the criteria 0.075mm (2.5mil).

31
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Specifications are subject to change without notice

11-2 Weight of the chip
0.65g

11-3 Material and Finish of Lead Terminals

For Lead-free Package, Materials of terminal is Sn(98%) and Bi (2%) and thickness is 300~600u inch,

similar as SnPb.

11-4 Package Material
Lead frame: Cu
Epoxy: 1033BF

Molding compound: G700

12 Packing ‘escription

Package Pin / Ball count EA / Tray Tray / Box Full Box Q’'ty Box / Carton | Full carton Q'ty

LQFP 128 90 10 900 6 5400

12-1 Tray Description
40ea/ Hard Tray (150°C resistance).

33
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Specifications are subject to change without notice

12-2 Desiccants
Size: 110120 mm.
Weight: 669
12-3 Aluminum Foil Bag
Size: 250*500 mm.
Thickness: 0.12 +/- 0.005 mm.
Surface impedance: 10-10'2 Ohm/SQ

12-4 Box Description
Material: 3 Layer B corrugated paper.
Strength: 1176000 PA.
Box size: 355(L)*157(W)*90.5(H) mm.

Printing: Black (words, warning, index)

12-5 Side Plank
Material: 5 Layer AB corrugated paper
Strength: 1793400 PA.
Size: 405(L)*237(W) mm.
Fixture: 3 pieces of EPE (recyciatle material).
Thickness: 20 mm.

12-6 Carton Descriptionr
Material: 5 Layeir A corrugated paper.
Strength: 1702400 PA.
CartcCixsize: 558(L)*428(W)*264(H) mm.

Printing: Black (words, warning, index)
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12-7 Packing Flow

90pcs per tray

direction

Label is on top of the L _‘1
Aluminum foil bag.

—s Aluminum foil bag
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Specifications are subject to change without notice

Air cap

Box with the Aluminum foil bag

6 box per carton

4

Label is on top
of the BOX

Side plank

-
1

ill with empty box if the
quantity is less than 6 box

0
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Specifications are subject to change without notice

13 Solder-Reflow Condition
13-1 Reflow Condition

MediaTek can guarantee 3 times IR reflow based on the reflow profile (Figure 1).

Average ramp-up rate (Ts to peak): 3 °C /sec. max.

Preheat & Soak: Pb-Free 150~200 °C (SnPb Eutectic 100~150 °C) for 60~120 seconds

Liquidous temperature maintained above Pb-Free 217 °C (SnPb Eutectic 183 °C) for 80~150 seconds
Time within 5°C of specified classification temperature: Pb-Free 30 seconds (SnPi-Eutectic 20 seconds)
Note:

Reflow profiles in this document are for classification/preconditioning cnd are not meant to specify
board assembly profiles. Actual board assembly profiles shou'd he-ceveloped based on specific

process needs and board designs and should not exceed the parameters in Table 1.

For example, if Tc is 260 °C and time tp is 30 seconds, thie. mizans the following for the supplier and

user.

For a supplier: The peak temperature must be at least 260 °C. The time above 255 °C must be at

least 30 seconds.

For a user: The peak temperature must‘not exceed 260 °C. The time above 255 °C must not exceed

30 seconds.
Peak temperature: Defined in Tahie\2+1 and Table 2-2.
Ramp-down rate: 6 °C /sec/max:
Time 25 °C to peak temperature: Pb-Free: 8 minutes max. (SnPb Eutectic 6 minutes max.)

Time between reflows:'5 minutes minimum and 60 minutes maximum

Table 1 Classification Reflow Profiles

kroliie Feature

Sn-Pb Eutectic Assembly

Ph-Free Assembly

D/eheat & Soak
Temgsrature min (T,..)
Tempeiature max (T a0

Time (Tsrrlin to Tsmax} (ts)

100 “C
150 °C
60-120 seconds

150 °C
200 °C
60-120 seconds

Average ramp-up rate
(Tsmax to Tp)

3 °C/second max.

3 °C/second max.

Liquidous temperature (T,)
Time at liquidous (t.)

183 °C
60-150 seconds

217 °C
60-150 seconds

Peak package body temperature (T,)"

See classification temp in Table 4.1

See classification temp in Table 4.2

Time (t,)"* within 5 °C of the specified
classification temperature (T.)

20** seconds

30** seconds

Average ramp-down rate (T, to T,,.,)

6 °C/second max.

6 °C/second max.

Time 25 °C to peak temperature

6 minutes max.

8 minutes max.

* Tolerance for peak profile temperature (T,) is defined as a supplier minimum and a user maximum.
** Tolerance for time at peak profile temperature (1) is defined as a supplier minimum and a user maximum.
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Specifications are subject to change without notice

Table 2-1 SnPb Eutectic Process - Classification Temperatures (T,)

Volume mm? Volume mm?®
Package Thickness <350 =350
<2.5 mm 235 *C 220 °C
22.5 mm 220 °C 220 °C
Table 2-2 Pb-Free Process - Classification Temperatures (T,)
Package Volume mm? Volume mm? Volume mm?
Thickness <350 350 - 2000 >2000
<1.6 mm 260 °C 260 °C 260 °C
1.6 mm - 2.5 mm 260 °C 250 °C 245 °C
>2.5 mm 250 °C 245 °C ~ 245°C

Temperature =

7

Supplier Tp 2 Te

User Tp < Tc

\

Supplier lp E—

\

Tp N ?
Max. Ramp Up Rate = 3°C/s
Max. Ramp Down Rate = 6°C/s
v
T d
[ Tawss
A
(
¥
ts >
25

k—— Time 25°C to Peak

Time =

Figure 1 Classification Profile
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13-2 Pre-process and Heat Treatment
Procedure: (MRT L3)

[Package opening] = [Baking] > [Humidification] - [Reflow]

A. Conditions between each step of procedure

Be lift for duration of 2 hours or longer at temperature of 30 °C or lower and a humidity of 60% R.H.

or lower.

B. Baking 125 °C, 24 hours.
Humidification: 30 °C, 60% R.H., 192 Hours
D. Reflow: 3x260°C

14 Manual Solder Condition

15

16

The specimen should be in the as-delivered condition. Set the soldering iron at a temperature of 300 +/- 10 °C
(at the iron bit). Place the iron and flux-cored solder in parallei=~ith each and every terminal/lead on the back
of the board for a duration which does not exceed 5 seconds without applying any mechanical stress on the

component body.

It can also be applied under 350 +/- 10 °C at the iron it within 3 seconds, please treat it carefully under such

condition.

The chip can’t do DIP soldering.

Storage Condition
15-1 Storage Duration
A. Notice the Seaiing time.
B. 12 monthly @rd storage condition: <= 40°C , <= 90% R.H.
C. Waretivuse control: First in and First out.
15-2 Aftei Quen the Bag
SMT: Should finish the SMT process within 168 hours
B. Check the humidity check card: The value should < 20% (blue), if the value >= 30% (red), it means
the IC has got moisture.

C. Factory environment control: <= 30°C, <= 60% R.H.

Other

If a doubt related to the present specifications arises, the problem will be solved based on discussion between
the both parties.
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Purpose

Eon Silicon Solution Inc. (hereinafter called “Eon”) is going to provide its products’ top marking on
ICs with < cFeon > from January 1st, 2009, and without any change of the part number and the
compositions of the ICs. Eon is still keeping the promise of quality for all the products with the
same as that of Eon delivered before. Please be advised with the change and appreciate your
kindly cooperation and fully support Eon’s product family.

Eon products’ New Top Marking

Creon

cFeon Top Marking Example:

cFeon

Part Number: XXXX-XXX
Lot Number: XXXXX
Date Code: XXXXX

Continuity of Specifications

There is no change to this data sheet as a result of offering the device as an Eon product. Any
changes that have been made are the result of normal data sheet improvement and are noted in
the document revision summary, where supported. Future routine revisions will occur when
appropriate, and changes will be noted in a revision summary.

Continuity of Ordering Part Numbers

Eon continues to support existing part numbers beginning with “Eon” and “cFeon” top marking. To
order these products, during the transition please specify “Eon top marking” or “cFeon top marking”
on your purchasing orders.

For More Information

Please contact your local sales office for additional information about Eon memory solutions.
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EN25F16

16 Megabit Serial Flash Memory with 4Kbytes Uniform Sector

FEATURES

¢ Single power supply operation
- Full voltage range: 2.7-3.6 volt

e Serial Interface Architecture
- SPI Compatible: Mode 0 and Mode 3

¢ 16 Mbit Serial Flash
- 16 M-bit/2048 K-byte/8192 pages
- 256 bytes per programmable page

¢ High performance
- 100MHz clock rate

e Low power consumption
- 12 mA typical active current
- 1 uA typical power down current

¢ Uniform Sector Architecture:

- 512 sectors of 4-Kbyte

- 32 blocks of 64-Kbyte

- Any sector or block can be
erased individually

GENERAL DESCRIPTION

Software and Hardware Write Protection:
Write Protect all or portion of memory via
software

Enable/Disable protection with WP# pin

High performance program/erase speed
Page program time: 1.3ms typical
Sector erase time: 90ms typical

Block erase time 400ms typical

Chip erase time: 7 Seconds typical

Lockable 128 byte OTP security sector
Minimum 100K endurance cycle

Package Options

8 pins SOP 200mil body width

8 contact VDFN

8 pins PDIP

All Pb-free packages are RoHS compliant

Industrial temperature Range

The EN25F16 is a 16M-bit (2048K-byte) Serial Flash memory, with advanced write protection
mechanisms, accessed by a high speed SPI-compatible bus. The memory can be programmed 1 to
256 bytes at a time, using the Page Program instruction.

The EN25F16 is designed to allow either single Sector/Block at a time or full chip erase operation. The
EN25F16 can be configured to protect part of the memory as the software protected mode. The device can
sustain a minimum of 100K program/erase cycles on each sector or block.
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Figure.1 CONNECTION DIAGRAMS
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SIGNAL DESCRIPTION

Serial Data Input (DI)
The SPI Serial Data Input (DI) pin provides a means for instructions, addresses and data to be serially
written to (shifted into) the device. Data is latched on the rising edge of the Serial Clock (CLK) input pin.

Serial Data Output (DO)
The SPI Serial Data Output (DO) pin provides a means for data and status to be serially read from
(shifted out of) the device. Data is shifted out on the falling edge of the Serial Clock (CLK) input pin.

Serial Clock (CLK)
The SPI Serial Clock Input (CLK) pin provides the timing for serial input and output operations. ("See
SPI Mode")

Chip Select (CS#)

The SPI Chip Select (CS#) pin enables and disables device operation. When CS# is high the device is
deselected and the Serial Data Output (DO) pin is at high impedance. When deselected, the devices
power consumption will be at standby levels unless an internal erase, program or status register cycle
is in progress. When CS# is brought low the device will be selected, power consumption will increase to
active levels and instructions can be written to and data read from the device. After power-up, CS#
must transition from high to low before a new instruction will be accepted.

Hold (HOLD#)

The HOLD pin allows the device to be paused while it is actively selected. When HOLD is brought low,
while CS# is low, the DO pin will be at high impedance and signals on the DI and CLK pins will be
ignored (don’t care). The hold function can be useful when multiple devices are sharing the same SPI
signals.

Write Protect (WP#)

The Write Protect (WP#) pin can be used to prevent the Status Register from being written. Used in
conjunction with the Status Register’s Block Protect (BP0, BP1and BP2) bits and Status Register
Protect (SRP) bits, a portion or the entire memory array can be hardware protected.

Table 1. PIN Names

Symbol Pin Name

CLK Serial Clock Input

DI Serial Data Input

DO Serial Data Output

CS# Chip Enable

WP# Write Protect

HOLD# Hold Input

Vce Supply Voltage (2.7-3.6V)
Vss Ground
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MEMORY ORGANIZATION

The memory is organized as:

® 2,097,152 bytes

®  Uniform Sector Architecture
32 blocks of 64-Kbyte
512 sectors of 4-Kbyte

® 8192 pages (256 bytes each)

Each page can be individually programmed (bits are programmed from 1 to 0). The device is Sector,
Block or Chip Erasable but not Page Erasable.

Table 2. Uniform Block Sector Architecture

Block Sector Address range
511 1FF000 1FFFFF
31 : : :
496 1F0000 1FOFFF
495 1EF000 1EFFFF
30
480 1E0000 1EOFFF
479 1DF000 1DFFFF
29
464 1D0000 1DOFFF
463 1CF000 1CFFFF
28
448 1C0000 1COFFF
447 1BF000 1BFFFF
27
432 1B0000 1BOFFF
431 1AF000 1AFFFF
26
416 1A0000 1AOFFF
415 19F000 19FFFF
25
400 190000 190FFF
399 18F000 18FFFF
24
384 180000 180FFF
383 17F000 17FFFF
23
368 170000 170FFF
367 16F000 16FFFF
22
352 160000 160FFF
351 15F000 15FFFF
21
336 150000 150FFF
335 14F000 14FFFF
20
320 140000 140FFF
319 13F000 13FFFF
19 : : :
304 130000 130FFF
303 12F000 12FFFF
18 : : :
288 120000 120FFF
287 11F000 11FFFF
17
272 110000 110FFF
271 10F000 10FFFF
16 : : :
256 100000 100FFF
255 OFFO00h OFFFFFh
15
240 0F0000h OFOFFFh




239 OEF000N OEFFFFh

14
224 0E0000h OEOFFFh
223 0DF000h ODFFFFh

13
208 0D0000N ODOFFFh
207 0CF000h OCFFFFh

12
192 0C0000h OCOFFFh
191 0BF000h OBFFFFh

11 : : :
176 0B0000K OBOFFFh
175 0AF000N OAFFFFh

10
160 0A0000h OAOFFFh
159 09F000h 09FFFFh

9 : : :
144 090000h 090FFFh
143 08F000N 08FFFFh

8 : : :
128 080000h 0BOFFFh
127 07F000h 07FFFFh

7 : : :
112 070000h 070FFFh
111 06F000h O06FFFFh

6 : : :
% 060000h 060FFFh
95 05F000h O5FFFFh

5 : : :
80 050000h 050FFFh
79 04F000h 04FFFFh

4 : : :
64 040000h 040FFFh
63 03F000h 03FFFFh

3 : : :
48 030000h 030FFFh
47 02F000h 02FFFFh

2 : : :
32 020000h 020FFFh
31 01F000N 01FFFFh

1 : : :
16 010000h 010FFFh
15 00F000h 00FFFFh
4 004000h 004FFFh
0 3 003000h 003FFFh
2 002000h 002FFFh
1 001000h 001FFFh
0 000000h 000FFFh

EN25F16
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OPERATING FEATURES

SPI Modes

The EN25F16 is accessed through an SPI compatible bus consisting of four signals: Serial Clock (CLK),
Chip Select (CS#), Serial Data Input (DI) and Serial Data Output (DO). Both SPI bus operation Modes 0
(0,0) and 3 (1,1) are supported. The primary difference between Mode 0 and Mode 3, as shown in
Figure 3, concerns the normal state of the CLK signal when the SPI bus master is in standby and data
is not being transferred to the Serial Flash. For Mode 0 the CLK signal is normally low. For Mode 3 the
CLK signal is normally high. In either case data input on the DI pin is sampled on the rising edge of the
CLK. Data output on the DO pin is clocked out on the falling edge of CLK.

Figure 3. SPI Modes

cs# | [

MODE 3 MODE 3

CLK MovEa, | (IR N NN
DI Bit 7XBit 6}Bit 5)Bit 4XBit 3XBit 2XBit 1XBit oYX X ¥ X X X X[)0oNT cAREX X X X XXX X X —

MSB

Y Y Y Y Y Y A
DO HicH [WPEDATCE Bi7)(Bi OB BB B KB B )EI
MSB

Page Programming

To program one data byte, two instructions are required: Write Enable (WREN), which is one byte, and
a Page Program (PP) sequence, which consists of four bytes plus data. This is followed by the internal
Program cycle (of duration tpp).

To spread this overhead, the Page Program (PP) instruction allows up to 256 bytes to be programmed
at a time (changing bits from 1 to 0), provided that they lie in consecutive addresses on the same page
of memory.

Sector Erase, Block Erase and Chip Erase

The Page Program (PP) instruction allows bits to be reset from 1 to 0. Before this can be applied, the
bytes of memory need to have been erased to all 1s (FFh). This can be achieved a sector at a time,
using the Sector Erase (SE) instruction, a block at a time using the Block Erase (BE) instruction or
throughout the entire memory, using the Chip Erase (CE) instruction. This starts an internal Erase cycle
(of duration tge tge or tcg). The Erase instruction must be preceded by a Write Enable (WREN)
instruction.

Polling During a Write, Program or Erase Cycle

A further improvement in the time to Write Status Register (WRSR), Program (PP) or Erase (SE, BE or
CE ) can be achieved by not waiting for the worst case delay (tw, tpp, tsg, tse Or tcg). The Write In
Progress (WIP) bit is provided in the Status Register so that the application program can monitor its
value, polling it to establish when the previous Write cycle, Program cycle or Erase cycle is complete.

Active Power, Stand-by Power and Deep Power-Down Modes

When Chip Select (CS#) is Low, the device is enabled, and in the Active Power mode. When Chip
Select (CS#) is High, the device is disabled, but could remain in the Active Power mode until all internal
cycles have completed (Program, Erase, Write Status Register). The device then goes into the Stand-
by Power mode. The device consumption drops to Igc.

The Deep Power-down mode is entered when the specific instruction (the Enter Deep Power-down
Mode (DP) instruction) is executed. The device consumption drops further to lcc,. The device remains
in this mode until another specific instruction (the Release from Deep Power-down Mode and Read
Device ID (RDI) instruction) is executed.
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All other instructions are ignored while the device is in the Deep Power-down mode. This can be used
as an extra software protection mechanism, when the device is not in active use, to protect the device
from inadvertent Write, Program or Erase instructions.

Status Register. The Status Register contains a number of status and control bits that can be read or
set (as appropriate) by specific instructions.

WIP bit. The Write In Progress (WIP) bit indicates whether the memory is busy with a Write Status
Register, Program or Erase cycle.

WEL bit. The Write Enable Latch (WEL) bit indicates the status of the internal Write Enable Latch.

BP2, BP1, BP0 bits. The Block Protect (BP2, BP1, BP0) bits are non-volatile. They define the size of
the area to be software protected against Program and Erase instructions.

SRP bit /| OTP_LOCK bit The Status Register Protect (SRP) bit is operated in conjunction with the
Write Protect (WP#) signal. The Status Register Protect (SRP) bit and Write Protect (WP#) signal allow
the device to be put in the Hardware Protected mode. In this mode, the non-volatile bits of the Status
Register (SRP, BP2, BP1, BP0) become read-only bits.

In OTP mode, this bit is served as OTP_LOCK bit, user can read/program/erase OTP sector as normal
sector while OTP_LOCK value is equal 0, after OTP_LOCK is programmed with 1 by WRSR command,
the OTP sector is protected from program and erase operation. The OTP_LOCK bit can only be
programmed once.

Note : In OTP mode, the WRSR command will ignore any input data and program OTP_LOCK bit to 1,
user must clear the protect bits before enter OTP mode and program the OTP code, then execute
WRSR command to lock the OTP sector before leaving OTP mode.

Write Protection

Applications that use non-volatile memory must take into consideration the possibility of noise and other
adverse system conditions that may compromise data integrity. To address this concern the EN25F16
provides the following data protection mechanisms:

®  Power-On Reset and an internal timer (tpyyy) can provide protection against inadvertent changes

while the power supply is outside the operating specification.
® Program, Erase and Write Status Register instructions are checked that they consist of a number
of clock pulses that is a multiple of eight, before they are accepted for execution.
® All instructions that modify data must be preceded by a Write Enable (WREN) instruction to set
the Write Enable Latch (WEL) bit . This bit is returned to its reset state by the following events:
— Power-up
— Write Disable (WRDI) instruction completion or Write Status Register (WRSR) instruction
completion or Page Program (PP) instruction completion or Sector Erase (SE) instruction
completion or Block Erase (BE) instruction completion or Chip Erase (CE) instruction
completion
® The Block Protect (BP2, BP1, BPO) bits allow part of the memory to be configured as read-only.
This is the Software Protected Mode (SPM).
® The Write Protect (WP#) signal allows the Block Protect (BP2, BP1, BPO0) bits and Status Register
Protect (SRP) bit to be protected. This is the Hardware Protected Mode (HPM).
® In addition to the low power consumption feature, the Deep Power-down mode offers extra
software protection from inadvertent Write, Program and Erase instructions, as all instructions are
ignored except one particular instruction (the Release from Deep Power-down instruction).
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Table 3. Protected Area Sizes Sector Organization
Status Register Memory Content
Content
BP2 | BP1 | BPO . .
Bit Bit Bit Protect Areas Addresses Density(KB) Portion
0 0 0 None None None None
0 0 1
0 1 0
0 1 1 RFU RFU RFU RFU
1 0 0
1 0 1
1 1 0
1 1 1 All 000000h-1FFFFFh 2048KB All

Note: RFU = Reserved for future use

Hold Function

The Hold (HOLD) signal is used to pause any serial communications with the device without resetting
the clocking sequence. However, taking this signal Low does not terminate any Write Status Register,
Program or Erase cycle that is currently in progress.

To enter the Hold condition, the device must be selected, with Chip Select (CS#) Low. The Hold
condition starts on the falling edge of the Hold (HOLD) signal, provided that this coincides with Serial
Clock (CLK) being Low (as shown in Figure 4.).

The Hold condition ends on the rising edge of the Hold (HOLD) signal, provided that this coincides with
Serial Clock (CLK) being Low.

If the falling edge does not coincide with Serial Clock (CLK) being Low, the Hold condition starts after
Serial Clock (CLK) next goes Low. Similarly, if the rising edge does not coincide with Serial Clock (CLK)
being Low, the Hold condition ends after Serial Clock (CLK) next goes Low. (This is shown in Figure 4.).

During the Hold condition, the Serial Data Output (DO) is high impedance, and Serial Data Input (DI)
and Serial Clock (CLK) are Don’t Care.

Normally, the device is kept selected, with Chip Select (CS#) driven Low, for the whole duration of the
Hold condition. This is to ensure that the state of the internal logic remains unchanged from the mo-
ment of entering the Hold condition.

If Chip Select (CS#) goes High while the device is in the Hold condition, this has the effect of resetting
the internal logic of the device. To restart communication with the device, it is necessary to drive Hold
(HOLD) High, and then to drive Chip Select (CS#) Low. This prevents the device from going back to the
Hold condition.

Figure 4. Hold Condition Waveform
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INSTRUCTIONS

All instructions, addresses and data are shifted in and out of the device, most significant bit first. Serial
Data Input (DI) is sampled on the first rising edge of Serial Clock (CLK) after Chip Select (CS#) is
driven Low. Then, the one-byte instruction code must be shifted in to the device, most significant bit first,
on Serial Data Input (DI), each bit being latched on the rising edges of Serial Clock (CLK).

The instruction set is listed in Table 4. Every instruction sequence starts with a one-byte instruction
code. Depending on the instruction, this might be followed by address bytes, or by data bytes, or by
both or none. Chip Select (CS#) must be driven High after the last bit of the instruction sequence has
been shifted in. In the case of a Read Data Bytes (READ), Read Data Bytes at Higher Speed
(Fast_Read), Read Status Register (RDSR) or Release from Deep Power-down, and Read Device 1D
(RDI) instruction, the shifted-in instruction sequence is followed by a data-out sequence. Chip Select
(CS#) can be driven High after any bit of the data-out sequence is being shifted out.

In the case of a Page Program (PP), Sector Erase (SE), Block Erase (BE), Chip Erase (CE), Write
Status Register (WRSR), Write Enable (WREN), Write Disable (WRDI) or Deep Power-down (DP)
instruction, Chip Select (CS#) must be driven High exactly at a byte boundary, otherwise the instruction
is rejected, and is not executed. That is, Chip Select (CS#) must driven High when the number of clock
pulses after Chip Select (CS#) being driven Low is an exact multiple of eight. For Page Program, if at
any time the input byte is not a full byte, nothing will happen and WEL will not be reset.

In the case of multi-byte commands of Page Program (PP), and Release from Deep Power Down
(RES ) minimum number of bytes specified has to be given, without which, the command will be
ignored.

In the case of Page Program, if the number of byte after the command is less than 4 (at least 1
data byte), it will be ignored too. In the case of SE and BE, exact 24-bit address is a must, any
less or more will cause the command to be ignored.

All attempts to access the memory array during a Write Status Register cycle, Program cycle or Erase
cycle are ignored, and the internal Write Status Register cycle, Program cycle or Erase cycle continues
unaffected.

Table 4. Instruction Set

Instruction Name Byte 1 Byte 2 Byte 3 Byte 4 Byte 5 Byte 6 n-Bytes
Code

Write Enable 06h

Write Disable / Exit

OTP mode 04h

Read Status

1

Register 05h (s7-s0)(1) continuous(2)

ertg Status 01h S7-S0

Register

Read Data 03h A23-A16 A15-A8 A7-A0 (D7-DO) (Next byte) | continuous

Fast Read 0Bh A23-A16 | A15-A8 A7-A0 | dummy | (D7-DO) (Next Byte)
continuous

Page Program 02h A23-A16 A15-A8 A7-A0 D7-DO Next byte continuous

Sector Erase 20h A23-A16 A15-A8 A7-A0

Block Erase D8h/ 52h | A23-A16 A15-A8 A7-A0

Chip Erase C7h/ 60h

Deep Power-down B9h

Release from Deep (3)

Power-down, and dummy dummy dummy (ID7-1D0O)

read Device ID ABh

Release from Deep

Power-down




EN25F16
Manufacturer/ 90h dumm dumm 00h (M7-M0) (ID7-ID0) (4)
Device ID Y y 01h (ID7-ID0) | (M7-MO)
Read Identification 9Fh (M7-MO0) (ID15-ID8) | (ID7-IDO) | (5)
Enter OTP mode 3Ah

Notes:

1. Data bytes are shifted with Most Significant Bit first. Byte fields with data in parenthesis “( )" indicate data being read from the
device on the DO pin.

2. The Status Register contents will repeat continuously until CS# terminate the instruction.

3. The Device ID will repeat continuously until CS# terminate the instruction.

4. The Manufacturer ID and Device ID bytes will repeat continuously until CS# terminate the instruction.
00h on Byte 4 starts with MID and alternate with DID, 01h on Byte 4 starts with DID and alternate with MID.

5. (M7-MO) : Manufacturer, (ID15-ID8) : Memory Type, (ID7-1D0) : Memory Capacity

Table 5. Manufacturer and Device Identification

OP Code | (M7-MO0) (ID15-1D0) (ID7-ID0)
ABh 14h
90h 1Ch 14h
9Fh 1Ch 3115h

Write Enable (WREN) (06h)

The Write Enable (WREN) instruction (Figure 5) sets the Write Enable Latch (WEL) bit. The Write
Enable Latch (WEL) bit must be set prior to every Page Program (PP), Sector Erase (SE), Block Erase
(BE), Chip Erase (CE) and Write Status Register (WRSR) instruction.

The Write Enable (WREN) instruction is entered by driving Chip Select (CS#) Low, sending the
instruction code, and then driving Chip Select (CS#) High.

CS# \ /
Mode 3 0 1 2 3 4 5 6 7 Mode3
CLK ModeO : | | I I | | | | I | | | | | I |ModeO

|-1— Instruction (06h) —"'|

/ /XX X X X X

High Impedance

DI X X XX\

DO

Figure 5. Write Enable Instruction Sequence Diagram

Write Disable (WRDI) (04h)

The Write Disable instruction (Figure 6) resets the Write Enable Latch (WEL) bit in the Status Register
to a 0 or exit from OTP mode to normal mode. The Write Disable instruction is entered by driving Chip
Select (CS#) low, shifting the instruction code “04h” into the DI pin and then driving Chip Select (CS#)
high. Note that the WEL bit is automatically reset after Power-up and upon completion of the Write
Status Register, Page Program, Sector Erase, Block Erase (BE) and Chip Erase instructions.
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CS# \ /
Mode 3 0o 1 2 3 4 5 6 7 Mode3
CLK ModeO : | | | | | | | | | | | | | | | | Mode 0
|*l—|nstruction (04h) 4-"|
DI X X X XN\ /\ L XX X X XX
High Impedance
DO

Figure 6. Write Disable Instruction Sequence Diagram

Read Status Register (RDSR) (05h)

The Read Status Register (RDSR) instruction allows the Status Register to be read. The Status
Register may be read at any time, even while a Program, Erase or Write Status Register cycle is in
progress. When one of these cycles is in progress, it is recommended to check the Write In Progress
(WIP) bit before sending a new instruction to the device. It is also possible to read the Status Register
continuously, as shown in Figure 7.

CS# \ -
Mode 2 01 2 3 4 5 6 7 8 B8 10 11 12 13 14 15 16 17 18 189 20 21 22 23
o
}.7 Instruction (0Sh) ‘—l
—_
DI XX /\_/ N XXXXXXXXXX LSS VA S
F-q— Status Register OQut ——-——— Status Register Out ———
High Impedance [
DO D O060600068000606 60 (M
* *
* = MSB

Figure 7. Read Status Register Instruction Sequence Diagram

Table 6. Status Register Bit Locations

S7 S6 S5 S4 S3 S2 S1 S0
SRP OTP_LOCK BP2 BP1 BPO WEL WIP
Status Register bit (Block Protected | (Block Protected | (Block Protected | (Write Enable (Write In
Protect (note 1) bits) bits) bits) Latch) Progress bit)
Reserved | Reserved - )
1=status | 1=0TP bits bits 1 oahe oo e
register write sector is (note 2) (note 2) (note 2) _ . _ pera .
. 0 = not write | 0 = not in write
disable protected .
enable operation
Non-volatile bit Non-volatile bit | Non-volatile bit | Non-volatile bit volatile bit volatile bit

Note

1. In OTP mode, SRP bit is served as OTP_LOCK bit.
2. See the table “Protected Area Sizes Sector Organization”.
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The status and control bits of the Status Register are as follows:

WIP bit. The Write In Progress (WIP) bit indicates whether the memory is busy with a Write Status
Register, Program or Erase cycle. When set to 1, such a cycle is in progress, when reset to 0 no such
cycle is in progress.

WEL bit. The Write Enable Latch (WEL) bit indicates the status of the internal Write Enable Latch.
When set to 1 the internal Write Enable Latch is set, when set to 0 the internal Write Enable Latch is
reset and no Write Status Register, Program or Erase instruction is accepted.

BP2, BP1, BP0 bits. The Block Protect (BP2, BP1, BPO0) bits are non-volatile. They define the size of
the area to be software protected against Program and Erase instructions. These bits are written with
the Write Status Register (WRSR) instruction. When one or both of the Block Protect (BP2, BP1, BPO)
bits is set to 1, the relevant memory area (as defined in Table 3.) becomes protected against Page
Program (PP) Sector Erase (SE) and , Block Erase (BE), instructions. The Block Protect (BP2, BP1,
BPO0) bits can be written provided that the Hardware Protected mode has not been set. The Chip Erase
(CE) instruction is executed if, and only if, all Block Protect (BP2, BP1, BPO) bits are 0.

Reserved bit. Status register bit locations 5 and 6 are reserved for future use. Current devices will read
0 for these bit locations. It is recommended to mask out the reserved bit when testing the Status
Register. Doing this will ensure compatibility with future devices.

SRP bit / OTP_LOCK bit. The Status Register Protect (SRP) bit is operated in conjunction with the
Write Protect (WP#) signal. The Status Register Write Protect (SRP) bit and Write Protect (WP#) signal
allow the device to be put in the Hardware Protected mode (when the Status Register Protect (SRP) bit
is set to 1, and Write Protect (WP#) is driven Low). In this mode, the non-volatile bits of the Status
Register (SRP, BP2, BP1, BP0) become read-only bits and the Write Status Register (WRSR)
instruction is no longer accepted for execution.

In OTP mode, this bit is served as OTP_LOCK bit, user can read/program/erase OTP sector as normal
sector while OTP_LOCK value is equal 0, after OTP_LOCK is programmed with 1 by WRSR command,
the OTP sector is protected from program and erase operation. The OTP_LOCK bit can only be
programmed once.

Note : In OTP mode, the WRSR command will ignore any input data and program OTP_LOCK bit to 1,
user must clear the protect bits before enter OTP mode and program the OTP code, then execute
WRSR command to lock the OTP sector before leaving OTP mode.

Write Status Register (WRSR) (01h)

The Write Status Register (WRSR) instruction allows new values to be written to the Status Register.
Before it can be accepted, a Write Enable (WREN) instruction must previously have been executed.
After the Write Enable (WREN) instruction has been decoded and executed, the device sets the Write
Enable Latch (WEL).

The Write Status Register (WRSR) instruction is entered by driving Chip Select (CS#) Low, followed by
the instruction code and the data byte on Serial Data Input (DI).

The instruction sequence is shown in Figure 8. The Write Status Register (WRSR) instruction has no
effect on S6, S5, S1 and SO of the Status Register. S6 and S5 are always read as 0. Chip Select (CS#)
must be driven High after the eighth bit of the data byte has been latched in. If not, the Write Status
Register (WRSR) instruction is not executed. As soon as Chip Select (CS#) is driven High, the self-
timed Write Status Register cycle (whose duration is ty) is initiated. While the Write Status Register
cycle is in progress, the Status Register may still be read to check the value of the Write In Progress
(WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Write Status Register cycle, and is
0 when it is completed. When the cycle is completed, the Write Enable Latch (WEL) is reset.

The Write Status Register (WRSR) instruction allows the user to change the values of the Block Protect
(BP2, BP1, BPO) bits, to define the size of the area that is to be treated as read-only, as defined in
Table 3.. The Write Status Register (WRSR) instruction also allows the user to set or reset the Status
Register Protect (SRP) bit in accordance with the Write Protect (WP#) signal. The Status Register
Protect (SRP) bit and Write Protect (WP#) signal allow the device to be put in the Hardware Protected
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Mode (HPM). The Write Status Register (WRSR) instruction is not executed once the Hardware
Protected Mode (HPM) is entered.

NOTE : In the OTP mode, WRSR command will ignore input data and program OTP_LOCK bit to 1.

cs#  \ /

Moda 2 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15

--——— [nstruction (01h) —I-‘-l— Status Register In —II-‘

ST AN 920 6060600848008

*

High Impedance

Do

« = MSB

Figure 8. Write Status Register Instruction Sequence Diagram

Read Data Bytes (READ) (03h)

The device is first selected by driving Chip Select (CS#) Low. The instruction code for the Read Data
Bytes (READ) instruction is followed by a 3-byte address (A23-A0), each bit being latched-in during the
rising edge of Serial Clock (CLK). Then the memory contents, at that address, is shifted out on Serial
Data Output (DO), each bit being shifted out, at a maximum frequency fgr, during the falling edge of

Serial Clock (CLK).

The instruction sequence is shown in Figure 9. The first byte addressed can be at any location. The
address is automatically incremented to the next higher address after each byte of data is shifted out.
The whole memory can, therefore, be read with a single Read Data Bytes (READ) instruction. When
the highest address is reached, the address counter rolls over to 000000h, allowing the read sequence
to be continued indefinitely.

The Read Data Bytes (READ) instruction is terminated by driving Chip Select (CS#) High. Chip Select
(CS#) can be driven High at any time during data output. Any Read Data Bytes (READ) instruction,
while an Erase, Program or Write cycle is in progress, is rejected without having any effects on the
cycle that is in progress.

cs# T\ . .
Mode 3 01 2 3 4 &5 6 7 8 8 10 28 20 30 31 32 33 34 35 36 I 3\ W

: RN R R R RN
|-¢—In5.tn.|ctinn [UBhJ—h-|-d— 24-Bit Addess —l-|

D XXX\ VA .6 6L E) 6 6.0 (B.9:9.9:0.0.0.0:9,0: W 9.9.00

* §+—Data Out { ———s==-Data Out 2

High Impedanca —_
DO ! 2.060.6.06.6.004 —

*

* = MSB

Figure 9. Read Data Instruction Sequence Diagram
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Read Data Bytes at Higher Speed (FAST_READ) (0Bh)

The device is first selected by driving Chip Select (CS#) Low. The instruction code for the Read Data
Bytes at Higher Speed (FAST_READ) instruction is followed by a 3-byte address (A23-A0) and a
dummy byte, each bit being latched-in during the rising edge of Serial Clock (CLK). Then the memory
contents, at that address, is shifted out on Serial Data Output (DO), each bit being shifted out, at a
maximum frequency FR, during the falling edge of Serial Clock (CLK).

The instruction sequence is shown in Figure 10. The first byte addressed can be at any location. The
address is automatically incremented to the next higher address after each byte of data is shifted out.
The whole memory can, therefore, be read with a single Read Data Bytes at Higher Speed
(FAST_READ) instruction. When the highest address is reached, the address counter rolls over to
000000h, allowing the read sequence to be continued indefinitely.

The Read Data Bytes at Higher Speed (FAST_READ) instruction is terminated by driving Chip Select
(CS#) High. Chip Select (CS#) can be driven High at any time during data output. Any Read Data Bytes
at Higher Speed (FAST_READ) instruction, while an Erase, Program or Write cycle is in progress, is
rejected without having any effects on the cycle that is in progress.

CS# Y

Mode 3 01 2 3 4 &5 6 7 8 9 10 28 29 30 AN

CLK Modaﬂ‘l |||||I|I
|-l— Instruction (UBhJ—b—|—— 24-Bit Address —hr|
DI XX ) \ZIAZZAZIH A B A2 N1 N0 = —

—

Do f—

Ce# —

32 33 34 35 36 37 18 39 40 41 42 43 44 45 46 47

o LUy,

i
Durnmy Byte —————| i

DI ——(IXeXEXAX3X2X I X0X] XAXXXXAXKX XXX XXX XAXX X.}_{X_

|4——— Data Qut1 ——»=-4——— Data Qut 2 B

Y

. ! _
DO — 2.60.6.0 6.6 006000066400 (G
*

* *

#* = MSB

Figure 10. Fast Read Instruction Sequence Diagram




EN25F16

Page Program (PP) (02h)

The Page Program (PP) instruction allows bytes to be programmed in the memory. Before it can be
accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write
Enable (WREN) instruction has been decoded, the device sets the Write Enable Latch (WEL).

The Page Program (PP) instruction is entered by driving Chip Select (CS#) Low, followed by the in-
struction code, three address bytes and at least one data byte on Serial Data Input (DI). If the 8 least
significant address bits (A7-AQ) are not all zero, all transmitted data that goes beyond the end of the
current page are programmed from the start address of the same page (from the address whose 8
least significant bits (A7-A0) are all zero). Chip Select (CS#) must be driven Low for the entire duration
of the sequence.

The instruction sequence is shown in Figure 11. If more than 256 bytes are sent to the device, pre-
viously latched data are discarded and the last 256 data bytes are guaranteed to be programmed cor-
rectly within the same page. If less than 256 Data bytes are sent to device, they are correctly pro-
grammed at the requested addresses without having any effects on the other bytes of the same page.

Chip Select (CS#) must be driven High after the eighth bit of the last data byte has been latched in,
otherwise the Page Program (PP) instruction is not executed.

As soon as Chip Select (CS#) is driven High, the self-timed Page Program cycle (whose duration is tpp)
is initiated. While the Page Program cycle is in progress, the Status Register may be read to check the
value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Page
Program cycle, and is 0 when it is completed. At some unspecified time before the cycle is completed,
the Write Enable Latch (WEL) bit is reset.

A Page Program (PP) instruction applied to a page which is protected by the Block Protect (BP2, BP1,
BPO) bits (see Table 3) is not executed.

cs# N\ | _

Mode 3 0 1 2 3 4 & &6 7 8 89 10 28 20 30 31 12 33 M4 3% 36 37 38 W

‘4— Instruction {02h) —I-|-<— 24-Bit Addross —l-|-<— Data Byte 1 —l-|

b XXXIN 000000600600
Cs# — ‘/_

40 41 42 43 44 45 45 47 480 40 5D 51 52 53 54 &5 &

|-— Data Byte 2 —-‘4— Data Byte 3 —l-| |-4— Data Byte 256 —-|

P 0.0.6.0.6 6 .0.0 6.0 0600606008000 0 6060068
* * *

« = M5B

Figure 11. Page Program Instruction Sequence Diagram
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Sector Erase (SE) (20h)

The Sector Erase (SE) instruction sets to 1 (FFh) all bits inside the chosen sector. Before it can be
accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write
Enable (WREN) instruction has been decoded, the device sets the Write Enable Latch (WEL).

The Sector Erase (SE) instruction is entered by driving Chip Select (CS#) Low, followed by the in-
struction code, and three address bytes on Serial Data Input (DI). Any address inside the Sector (see
Table 2) is a valid address for the Sector Erase (SE) instruction. Chip Select (CS#) must be driven Low
for the entire duration of the sequence.

The instruction sequence is shown in Figure 12. Chip Select (CS#) must be driven High after the eighth
bit of the last address byte has been latched in, otherwise the Sector Erase (SE) instruction is not
executed. As soon as Chip Select (CS#) is driven High, the self-timed Sector Erase cycle (whose du-
ration is tgg) is initiated. While the Sector Erase cycle is in progress, the Status Register may be read

to check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the
self-timed Sector Erase cycle, and is 0 when it is completed. At some unspecified time before the cycle
is completed, the Write Enable Latch (WEL) bit is reset.

A Sector Erase (SE) instruction applied to a sector which is protected by the Block Protect (BP2, BP1,
BPO) bits (see Table 3) is not executed.

cst ~ \ | /

Mode 3 o 1 2 3 4 5 6 7 8 9 29 30 31 Mode3

CLK Mode0 : I I I I I IModeO
|-I— Instruction (20h) —Ih‘-d— 24-Bit Address _..|
Dl XX\ /\ XXX XX
*

High Impedance

DO

% =M5SB

Figure 12. Sector Erase Instruction Sequence Diagram

Block Erase (BE) (D8h/52h)

The Block Erase (BE) instruction sets to 1 (FFh) all bits inside the chosen block. Before it can be
accepted, a Write Enable (WREN) instruction must previously have been executed. After the Write
Enable (WREN) instruction has been decoded, the device sets the Write Enable Latch (WEL).

The Block Erase (BE) instruction is entered by driving Chip Select (CS#) Low, followed by the in-
struction code, and three address bytes on Serial Data Input (DI). Any address inside the Block (see
Table 2) is a valid address for the Block Erase (BE) instruction. Chip Select (CS#) must be driven Low
for the entire duration of the sequence.

The instruction sequence is shown in Figure 13. Chip Select (CS#) must be driven High after the eighth
bit of the last address byte has been latched in, otherwise the Block Erase (BE) instruction is not
executed. As soon as Chip Select (CS#) is driven High, the self-timed Block Erase cycle (whose du-
ration is tgg) is initiated. While the Block Erase cycle is in progress, the Status Register may be read to

check the value of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-
timed Block Erase cycle, and is 0 when it is completed. At some unspecified time before the cycle is
completed, the Write Enable Latch (WEL) bit is reset.

A Block Erase (BE) instruction applied to a block which is protected by the Block Protect (BP2, BP1,
BPO) bits (see Table 3) is not executed.
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cs# ~ \ N /

Mode 3 g 1 2 3 4 5 6 7 8 9 29 30 31 Mode3

CLK Mode0 : I | | | | |M0d90

‘4— Instruction (D8h/52h) 4}47 24-Bit Address —l-‘
o XX\ OO XXX
*

High Impedance

DO

* = MSB

Figure 13 Block Erase Instruction Sequence Diagram

Chip Erase (CE) (C7h/60h)

The Chip Erase (CE) instruction sets all bits to 1 (FFh). Before it can be accepted, a Write Enable
(WREN) instruction must previously have been executed. After the Write Enable (WREN) instruction
has been decoded, the device sets the Write Enable Latch (WEL).

The Chip Erase (CE) instruction is entered by driving Chip Select (CS#) Low, followed by the instruction
code on Serial Data Input (DI). Chip Select (CS#) must be driven Low for the entire duration of the
sequence.

The instruction sequence is shown in Figure 14. Chip Select (CS#) must be driven High after the eighth
bit of the instruction code has been latched in, otherwise the Chip Erase instruction is not executed. As
soon as Chip Select (CS#) is driven High, the self-timed Chip Erase cycle (whose duration is tcg) is

initiated. While the Chip Erase cycle is in progress, the Status Register may be read to check the value
of the Write In Progress (WIP) bit. The Write In Progress (WIP) bit is 1 during the self-timed Chip Erase
cycle, and is 0 when it is completed. At some unspecified time before the cycle is completed, the Write
Enable Latch (WEL) bit is reset.

The Chip Erase (CE) instruction is executed only if all Block Protect (BP2, BP1, BPO0) bits are 0. The
Chip Erase (CE) instruction is ignored if one, or more, sectors are protected.

cs# — \ /

CLK Mode0

~4—— |nstruction (C7h/60h) ——

o XXX/ XXX

High Impedance
DO

Figure 14. Chip Erase Instruction Sequence Diagram
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Deep Power-down (DP) (B9h)

Executing the Deep Power-down (DP) instruction is the only way to put the device in the lowest con-
sumption mode (the Deep Power-down mode). It can also be used as an extra software protection
mechanism, while the device is not in active use, since in this mode, the device ignores all Write,
Program and Erase instructions.

Driving Chip Select (CS#) High deselects the device, and puts the device in the Standby mode (if there
is no internal cycle currently in progress). But this mode is not the Deep Power-down mode. The Deep
Power-down mode can only be entered by executing the Deep Power-down (DP) instruction, to reduce
the standby current (from ICC1 to ICC2, as specified in Table 9.).

Once the device has entered the Deep Power-down mode, all instructions are ignored except the
Release from Deep Power-down and Read Device ID (RDI) instruction. This releases the device from
this mode. The Release from Deep Power-down and Read Device ID (RDI) instruction also allows the
Device ID of the device to be output on Serial Data Output (DO).

The Deep Power-down mode automatically stops at Power-down, and the device always Powers-up in
the Standby mode. The Deep Power-down (DP) instruction is entered by driving Chip Select (CS#) Low,
followed by the instruction code on Serial Data Input (D). Chip Select (CS#) must be driven Low for the
entire duration of the sequence.

The instruction sequence is shown in Figure 15.Chip Select (CS#) must be driven High after the eighth
bit of the instruction code has been latched in, otherwise the Deep Power-down (DP) instruction is not
executed. As soon as Chip Select (CS#) is driven High, it requires a delay of tpp before the supply

current is reduced to ICC2 and the Deep Power-down mode is entered.
Any Deep Power-down (DP) instruction, while an Erase, Program or Write cycle is in progress, is
rejected without having any effects on the cycle that is in progress.

|-— Instruction (B9h) ————=|

D XXX \/ /XXX XX XX XXX

DO High Impedance _ _

Standard Current Power-down Current

Figure 15. Deep Power-down Instruction Sequence Diagram

Release from Deep Power-down and Read Device ID (RDI)

Once the device has entered the Deep Power-down mode, all instructions are ignored except the
Release from Deep Power-down and Read Device ID (RDI) instruction. Executing this instruction takes
the device out of the Deep Power-down mode.

Please note that this is not the same as, or even a subset of, the JEDEC 16-bit Electronic Signature
that is read by the Read Identifier (RDID) instruction. The old-style Electronic Signature is supported for
reasons of backward compatibility, only, and should not be used for new designs. New designs should,
instead, make use of the JEDEC 16-bit Electronic Signature, and the Read Identifier (RDID) instruction.

When used only to release the device from the power-down state, the instruction is issued by driving
the CS# pin low, shifting the instruction code “ABh” and driving CS# high as shown in Figure 16. After
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the time duration of trgg1 (See AC Characteristics) the device will resume normal operation and other
instructions will be accepted. The CS# pin must remain high during the trgg1 time duration.

When used only to obtain the Device ID while not in the power-down state, the instruction is initiated by
driving the CS# pin low and shifting the instruction code “ABh” followed by 3-dummy bytes. The Device
ID bits are then shifted out on the falling edge of CLK with most significant bit (MSB) first as shown in
Figure 17. The Device ID value for the EN25F16 are listed in Table 5. The Device ID can be read
continuously. The instruction is completed by driving CS# high.

When Chip Select (CS#) is driven High, the device is put in the Stand-by Power mode. If the device
was not previously in the Deep Power-down mode, the transition to the Stand-by Power mode is
immediate. If the device was previously in the Deep Power-down mode, though, the transition to the
Standby Power mode is delayed by trggo, and Chip Select (CS#) must remain High for at least tRggo

(max), as specified in Table 11. Once in the Stand-by Power mode, the device waits to be selected, so
that it can receive, decode and execute instructions.

Except while an Erase, Program or Write Status Register cycle is in progress, the Release from Deep
Power-down and Read Device ID (RDI) instruction always provides access to the 8bit Device ID of the
device, and can be applied even if the Deep Power-down mode has not been entered.

Any Release from Deep Power-down and Read Device ID (RDI) instruction while an Erase, Program or
Write Status Register cycle is in progress, is not decoded, and has no effect on the cycle that is in
progress.

Cs# \ )

Mode3 0 1 2 3 4 5 6 7 Mode 3
cLk woceo ¢ [T ML Niode

|4l— Instruction (ABh) —l-‘

DX /L (XXX XXX XXXXXXX

High Impedance

DO
Power Down Current Stand-by Current
High Performance Current
Figure 16. Release Power-down Instruction Sequence Diagram
cs# ~\ N /
Mode 3 o 1 2 3 4 5 & 7 & 9 10 28 29 30 31 32 33 34 35 36 37 38 |Model
CLK Modeo IIIlIIIIlIIIIIIIlIIIll ||I|II|L||II|I|III|IIF Modle 0
‘4— Instruction (ABh) —h—‘d— 3 Dummy Bytes 4—{ (- tRES2 =i
DI XXX €D €0 €D 1L €3 €3 6 ) S0 00000 XXX XXX
* -—— Device ID #% —=
High Impedance JF “_\
DO 20600068 680«C
*
Fower-down Current Stand-by Current
High Performance Mode Current
* = M5B

Figure 17. Release Power-down / Device ID Instruction Sequence Diagram
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Read Manufacturer / Device ID (90h)

The Read Manufacturer/Device ID instruction is an alternative to the Release from Power-down /
Device ID instruction that provides both the JEDEC assigned manufacturer ID and the specific device
ID.

The Read Manufacturer/Device ID instruction is very similar to the Release from Power-down / Device
ID instruction. The instruction is initiated by driving the CS# pin low and shifting the instruction code
“90h” followed by a 24-bit address (A23-A0) of 000000h. After which, the Manufacturer ID for Eon (1Ch)
and the Device ID are shifted out on the falling edge of CLK with most significant bit (MSB) first as
shown in Figure 18. The Device ID values for the EN25F 16 are listed in Table 5. If the 24-bit address is
initially set to 000001h the Device ID will be read first

CS# 7~ \

CLK
‘-li— Instruction (90h) —l-|-—ﬁl.ddress[l}G[JEIOEh! —_—
DI XXX \_/\ (D60 0 T E € 6 O T
*
High Impedance /_|
(B8] T
oot y /
32 33 34 35 36 3T 3IE 30 4D 41 42 43 44 45 46 Moded

CLK Mode

D —'H( ARAARNAXN X XAXAAARXAXN

E-d— Manufacture ID (1 Ch) ——s——<l— Device 1D (%) —l'*:

Do f OEEDEOEE)

*

* = MsB

Figure 18. Read Manufacturer / Device ID Diagram

Read Identification (RDID)(9Fh)

The Read Identification (RDID) instruction allows the 8-bit manufacturer identification to be read,
followed by two bytes of device identification. The device identification indicates the memory type in the
first byte , and the memory capacity of the device in the second byte .

Any Read Identification (RDID) instruction while an Erase or Program cycle is in progress, is not
decoded, and has no effect on the cycle that is in progress. The Read Identification (RDID) instruction
should not be issued while the device is in Deep Power down mode.

The device is first selected by driving Chip Select Low. Then, the 8-bit instruction code for the
instruction is shifted in. This is followed by the 24-bit device identification, stored in the memory, being
shifted out on Serial Data Output, each bit being shifted out during the falling edge of Serial Clock. The
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instruction sequence is shown in Figure 19. The Read Identification (RDID) instruction is terminated by
driving Chip Select High at any time during data output.

When Chip Select is driven High, the device is put in the Standby Power mode. Once in the Standby
Power mode, the device waits to be selected, so that it can receive, decode and execute instructions.

CS# \

Maode 3 o 1 2 3 4 5 6 7 8 8 10 11 12 13 14 15

biode o}

|<— Instruction (9 Fh]—l""|
DI XXX \__/ 00 0.0/0.0:0 00
-4—— Manufacturer 1D —

High Impedance —
DO 200066600 —

CLK

CS# — /

16 17 18 19 20 21 22 23 24 25 26 27 28 28 30 31 Mode3

L R

Mode O

CLK

A XXX XA X XXX A X XXX KX XXX

-4— Memory Type 1D15-D8 —-— Capacity |D7-1D0 —

U 2.06.0 6600066000660 00

Figure 19. Read Identification (RDID)

Enter OTP Mode (3Ah)

This Flash has an extra 128 bytes OTP sector, user must issue ENTER OTP MODE command to read,
program or erase OTP sector. After entering OTP mode, the OTP sector is mapping to sector 511, SRP
bit becomes OTP_LOCK bit and can be read with RDSR command. Program / Erase command will be
disabled when OTP_LOCK is ‘1’

WRSR command will ignore the input data and program LOCK_BIT to 1.

User must clear the protect bits before enter OTP mode.

OTP sector can only be program and erase when LOCK_BIT equal ‘0’ and BP [2:0] = ‘000’. In OTP
mode, user can read other sectors, but program/erase other sectors only allowed when OTP_LOCK
equal ‘0.

User can use WRDI (04h) command to exit OTP mode.

Table 7. OTP Sector Address

Sector Sector Size Address Range

511 128 byte 1FF000 — 1FFO7Fh

Note: The OTP sector is mapping to sector 511
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CS# Y /
Moda 3 01 2 3 4 5 6 7
CLK Mode0 | M uUuLn
‘-ll— Instruction (3Ahj—br|
o XX [ A\ XX
DO High Impadanca
Figure 20. Enter OTP Mode
Power-up Timing
VCGC 4
VCC G B L L L L L L L L L L L T
|- Program, Erase and Wirite Instructions are Ignored -
| CS# Must Track VCC =
VCC min) mfmcemmm e im e me e ™ T e mefeem e
-
Read Instructions Device is Fully
Reset Allowed Accessible
VWl e e e mmc e m e cccmmcmmmemce e mme e s mm e mm e m e s
-
Time
Figure 21. Power-up Timing
Table 8. Power-Up Timing and Write Inhibit Threshold
Symbol Parameter Min. Max. Unit
tys(D | Vec(min) to CS# low 10 Hs
teuw(1) | Time delay to Write instruction 1 10 ms
vwi(1) | Write Inhibit Voltage 1 25 \%
Note:

1.The parameters are characterized only.
2. VCC (max.) is 3.6V and VCC (min.) is 2.7V

INITIAL DELIVERY STATE

The device is delivered with the memory array erased: all bits are set to 1 (each byte contains FFh). The
Status Register contains 00h (all Status Register bits are 0).
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Table 9. DC Characteristics
(Ta = - 40°C to 85°C; Ve = 2.7-3.6V)
Symbol Parameter Test Conditions Min. Max. Unit
I Input Leakage Current +2 MA
Lo Output Leakage Current +2 MA
lccq Standby Current CS# =Vce. VIN=Vssor Ve 5 WA
lcc2 Deep Power-down Current CS# =V¢ee, VIN=Vss or Voo 5 HA
CLK=0.1Vee/09V t
100MHz, DG copen ) 25| mA
lccs Operating Current (READ) : P
CLK=0.1 Vcc/o.g VCC at 20 mA
75MHz, DQ = open
lcca Operating Current (PP) CS# =Vio 28 mA
lccs Operating Current (WRSR) CS# =V 18 mA
lcce Operating Current (SE) CS# =Vcc 25 mA
lcer Operating Current (BE) CS# =Vcc 25 mA
ViL Input Low Voltage -05 02Vee | Vv
ViH Input High Voltage 0.7Vee | Vect04 | v
VoL Output Low Voltage loL = 1.6 mA 0.4 v
VoH Output High Voltage lon =—100 pA Vee0.2 V
Table 10. AC Measurement Conditions
Symbol Parameter Min. Max. Unit
C. Load Capacitance 20/30 pF
Input Rise and Fall Times 5 ns
Input Pulse Voltages 0.2Vcc to 0.8V
Input Timing Reference Voltages 0.3V¢c t0 0.7Vee
Output Timing Reference Voltages Ve /2
Notes:

1. C_ =20 pF when CLK=100MHz, C, = 30 pF when CLK=75MHz,

Input Levels

0.8 Veo

Input and Output
Timing Reference Levels

0.2 Veco

Figure 22. AC Measurement I/O Waveform




EN25F16

Table 11.100MHz AC Characteristics
(T, = - 40°C t0 85°C; V¢ = 2.7-3.6V)

Symbol | Alt Parameter Min Typ Max Unit
Serial Clock Frequency for:
Fr fe FAST_READ, PP, SE, BE, DP, RES, WREN, D.C. 100 MHz
WRDI, WRSR
fz Serial Clock Frequency for READ, RDSR, RDID D.C. 66 MHz
(A Serial Clock High Time 4 ns
to ]! Serial Clock Low Time 4 ns
tolon? Serial Clock Rise Time (Slew Rate) 0.1 V/ns
tenoL 2 Serial Clock Fall Time (Slew Rate) 0.1 V/ns
tsich tcss | CS# Active Setup Time 5 ns
tohsh CS# Active Hold Time 5 ns
tsheH CS# Not Active Setup Time 5 ns
tonse CS# Not Active Hold Time 5 ns
tshsL tcsh | CS# High Time 100 ns
tsnaz tois | Output Disable Time 6 ns
teLax tho Output Hold Time 0 ns
toven tosu | Data In Setup Time 2 ns
tchpx ton Data In Hold Time 5 ns
taich HOLD# Low Setup Time ( relative to CLK ) 5 ns
tincH HOLD# High Setup Time ( relative to CLK) 5 ns
toumm HOLD# Low Hold Time ( relative to CLK ) 5 ns
tonm HOLD# High Hold Time ( relative to CLK) 5 ns
thiaz 2 tyz | HOLD# Low to High-Z Output 6 ns
tnax 2 t, HOLD# High to Low-Z Output 6 ns
toLav ty Output Valid from CLK 8 ns
twhsl’ Write Protect Setup Time before CS# Low 20 ns
tonw Write Protect Hold Time after CS# High 100 ns
top ? CS# High to Deep Power-down Mode 3 us
teess 2 gS# High to Standby Mode without Electronic 3 us
ignature read
—— gS# High to Standby Mode with Electronic 18 us
ignature read
tw Write Status Register Cycle Time 10 15 ms
top Page Programming Time 1.3 5 ms
tse Sector Erase Time 0.09 0.3 s
tae Block Erase Time 04 2 s
tee Chip Erase Time 7 35 s

Note: 1. ten + toL must be greater than or equal to 1/ fC

2. Value guaranteed by characterization, not 100% tested in production.
3. Only applicable as a constraint for a Write status Register instruction when Status Register Protect Bit is set at 1.
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CsS# it /
tCH
CLK =\ /
—ae— tCLOY  fl—am— tCLOV ICL - t1SHOQZ
tCLOX HOLCEX -t

DO ——— XX )14

P U=

DI « X

#* LEAST SIGNIFICANT ADDRESS BIT {LSB) IN

Figure 23.

Serial Output Timing

CS# —————

r— 1SH3L

N

TCHSL »— tSLCH

CLK j \—/ \_/_\_/-”-\

" {CHSH

[ :L
Q? tSHCH

tCLCH —

-— tCHCL

tOVCH
tCHDX
DI MSB IN

{High Impedanca)

DO

Figure

24. Input Timing

cs# _\

tCHHL —=1
CLK ; LY ;F “

tHLCH
’_\_ tHHCH
ICHHH —==
m— = tHHC

HLOZ —
DO ) 4

DI X X

HOLD# \

X

XXX

X

4

\_”_/

Figure 25. Hold Timing
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ABSOLUTE MAXIMUM RATINGS

Stresses above the values so mentioned above may cause permanent damage to the device. These
values are for a stress rating only and do not imply that the device should be operated at conditions up
to or above these values. Exposure of the device to the maximum rating values for extended periods of
time may adversely affect the device reliability.

Parameter Value Unit
Storage Temperature -65 to +150 °C
Plastic Packages -65 to +125 °C
Output Short Circuit Current’ 200 mA
Input and Output Voltage
P P 9 -0.5 to +4.0 v
(with respect to ground)
Vcc -0.5to +4.0 \%
Notes:
1. No more than one output shorted at a time. Duration of the short circuit should not be greater than one second.
2. Minimum DC voltage on input or I/O pins is —0.5 V. During voltage transitions, inputs may undershoot Vs to —1.0V for periods of

up to 50ns and to —2.0 V for periods of up to 20ns. See figure below. Maximum DC voltage on output and I/O pins is V¢ + 0.5 V.
During voltage transitions, outputs may overshoot to V¢ + 1.5 V for periods up to 20ns. See figure below.

RECOMMENDED OPERATING RANGES'

Parameter Value Unit
Ambient Operating Temperature oC
Industrial Devices -40 to 85

Operating Supply Voltage
Vcee Full: 2.7 to 3.6 \%

Notes:
1. Recommended Operating Ranges define those limits between which the functionality of the device is guaranteed.

|ZZE'~“m +1.5Y = - -
W
D5y Voo
0.5
' W5V
V- — — = — - T
0

- o = =

W s 20ns Alns

Maximum Negative Overshoot Waveform Maximum Positive Overshoot Waveform
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Table 12. DATA RETENTION and ENDURANCE

Parameter Description Test Conditions Min Unit
150°C 10 Years
Data Retention Time
125°C 20 Years
Erase/Program Endurance -40to 85 °C 100k cycles
Table 13. CAPACITANCE
(VCC = 27-36V)
Parameter Symbol Parameter Description Test Setup Typ Max Unit
CIN Input Capacitance VIN=0 6 pF
Cout Output Capacitance Vout =0 8 pF

Note : Sampled only, not 100% tested, at Ta = 25°C and a frequency of 20MHz.
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PACKAGE MECHANICAL

Figure 26. SOP 200 mil ( official name = 208 mil )

il Z

1

—
Al
A2
A

tu- I J] CACE PLANE )
1 1 SEATIMNG PLANE
e o u \ &

E
o
0.25
-

SYMBOL DIMENSION IN MM

MIN. NOR MAX

A 1.75 1.975 2.20
A1 0.05 0.15 0.25
A2 1.70 1.825 1.95
D 5.15 5.275 5.40
E 7.70 7.90 8.10
E1 5.15 5.275 5.40
e --- 1.27 ---
b 0.35 0.425 0.50
L 0.5 0.65 0.80
) 0° 4° g°

Note : 1. Coplanarity: 0.1 mm
2. Max. allowable mold flash is 0.15 mm
at the pkg ends, 0.25 mm between leads.
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Figure 27. VDFN8 ( 5x6mm )

PN !"
r.-:-:wrs.\
I
|
I
- - i - - E
|
|
| .
I
D2 L
- ~
:) I gy
e
il
[ -
+— - - + - - ]
E2 i
[ -l hf
[
D | | d
PN §1
CORNER
Controlling dimensions are in millimeters (mm).
DIMENSION IN MM
SYMBOL MIN. NOR MAX
A 0.70 0.75 0.80
A1 0.00 0.02 0.04
A2 --- 0.20 ---
D 5.90 6.00 6.10
E 4.90 5.00 5.10
D2 3.30 3.40 3.50
E2 3.90 4.00 4.10
e --- 1.27 ---
b 0.35 0.40 0.45
L 0.55 0.60 0.65

Note : 1. Coplanarity: 0.1 mm

Al
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Figure 28. PDIP8

M "7
b . :
JLILT] = |

A2
A

T OOr

Ny /] SEATNG PLANE

Al

] I
0.018typ
0.100typ.
0.060typ.
SYMBOL DIMENSION IN INCH
MIN. NOR MAX
A --- --- 0.210
A1 0.015 --- ---
A2 0.125 0.130 0.135
D 0.355 0.365 0.400
E 0.300 0.310 0.320
E1 0.245 0.250 0.255
L 0.115 0.130 0.150
eg 0.310 0.350 0.375
o° 0 7 15
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ORDERING INFORMATION

EN25F16

100

H

PACKAGING CONTENT
(Blank) = Conventional
P = RoHS compliant

TEMPERATURE RANGE
| = Industrial (-40°C to +85°C)

PACKAGE

H = 8-pin 200mil SOP
W = 8-pin VDFN

Q = 8-pin PDIP

SPEED

100 = 100 Mhz

BASE PART NUMBER
EN = Eon Silicon Solution Inc.

25F = 3V Serial 4KByte Uniform-Sector FLASH

16 = 16 Megabit (2048K x 8)
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Revisions List
Revision No |Description Date
A Preliminary draft 2007/05/02

B

1. Correct the extra OTP sector from 256 bytes to 512 bytes on page 1
and 22.

2. Correct the OTP sector is mapping to sector from 255 to 511 on page
22.

3. Update the Table 6. Status Register Bit Locations on page 12.

4. Modify the Figure 17 on page 20 for the starting point of tres2
5. Modify the Figure 18 on page 21
(1) revise the manufacture ID to 1Ch
(2) the number of clock count to cover the manufacture ID should be
31 to 38 and the last clock to clock out device ID is 46.
6. Modify the Figure 19 in page 22, the clock count to cover the device ID
should be from 15 to 31
7. Change Table 10. 100MHz AC Characteristics tc qy from 6 ns to 8 ns
on page 25

2008/03/10

Remove C grade option of temperature range on page 1 and page 34

2008/06/23

1. Add Eon products’ New top marking “cFeon® information on page 1.
2. Add the description “Serial Interface Architecture “and modify active
current (typical) from 5mA to 12mA on page 2.
. List the Note 4 for 90h command in Table 4 on page 12.
. Update Table 6. Status Register Bit Locations on page 13.
. Add Table 7. OTP Sector Address on page 23.
. Add Note “ Vcc (max) is 3.6V and Vcc (min) is 2.7V “in Table 8 on
page 24.
. Modify Icc3 from "Q = open” to " DQ = open " in Table 9 on page 25
8. Correct the typo “tCLH to tCH” ~ “tCLL to tCL” ~ "tHHQZ to tHHQX” in
Table 11 and Table 12 on page 26 and 27.
9. Modify Storage Temperature from "-65 to + 125" to "-65 to +150"
on page 29
10.Delete Latch up Characteristics Table from version C.
11.Modify official name from 209mil to 208mil and delete dimension " ¢ "
in Figure 26 on page 31.
12. Modify Figure 28. VDFN8 ( 5x6mm ) dimension A from 0.80 to 0.75
on page 32.

(20N BE ~ V)

~

2008/12/18

1. Update Page program, Sector erase and Block erase time parameter
on page2, 26 and 27.
2. Modify lcc4, Iccb, Icc6 and lcc7 on page 25.

2009/01/20

1 Modify Chip erase time (typical) from 18 s to 7s on page 2 and 25

2. Change OTP security sector from 512 byte to 128 byte and update
table 7 on page 2 and 22.

3. Remove the Protected Area Sizes definition of BP2 - BP1 and BPO =
001 to 110 in table 3 on page 9.

4. Remove 16 pin SOP 300mil package information from version E

5. Remove speed 75MHz information from version E.

6. Update the VDFN package (D2 from 4.23mm to 3.4mm) on page 30
and 32.

2009/03/16
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Revision History

Revision 1.0 (13 Dec. 2001)
- Original

Revision 1.1 (10 Jan. 2002)
- Add -6 spec

Revision 1.2 (30 Jan. 2002)
- Delete Page44 PACKING DIMENSION 54-LEAD TSOP(Il) SDRAM (400mil) (1:4).

Revision 1.3 (26 Apr. 2002)
- tRFC : 60ns. (Page5)

Revision 1.4 (21 Oct. 2002)
- Add -5, Delete -8. (P1,4~7)

Revision 1.5 (24 Dec. 2002)
- Delete -5 spec (AC/DC). (page 1,4~7)

Revision 1.6 (13 Feb. 2003)
- Change lcc5 / lec3p /lee3ps : 1cc5=130mA-->lcc5=180mA / Icc3p=5mA-->Icc3p=10mA / lcc3ps=5mA-->lcc3ps=10mA

(page 4)

Revision 1.7 (03 Mar. 2003)
- tRAS = 45ns --> tRAS = 42ns. (page 5,7)

Revision 1.8 (30 Jul. 2003)
- DQM with clock suspended(Full Page Read) needs modified to describe “Full Page”. (page 17)

Revision 1.9 (22 Oct. 2003)
- Modify refresh period. (page 1,13,23,40,41)

Revision 2.0 (17 Dec. 2003)

- Delete “The write burst length is programmed using A9
- Test mode use A7~A8

- Vendor specific options use A9, A10~A11 and A12~BA0

Revision 2.1 (21Jul. 2004)

- Correct typing error-> Page18(tCCD—>tCDL), Page22(Note4, Note6), Page23(Note8->Note6), Page29(Note3, Note4)
- Correct plot1.2 clock suspended during read(Page17)

- Correct plot1.2 read interrupted by precharge(Page22)Delete -5 spec (AC/DC). (page 1,4~7)

Revision 2.2 (21 Jan. 2005)
- Add pb-free product number(Page1,7)

Revision 2.3 (17 Mar. 2005)
- Add Pb-free to ordering information
- Modify P8 for bank precharge state to idle state

Revision 2.4 (12 Jul. 2005)
- Rename Pb to Non-Pb-free on ordering info.
- Modify ICC1; ICC2N; ICC3N; 1CC4; ICC5 spec

Revision 2.5 (30 Sep. 2005)
- Add —5T speed grade spec

Revision 2.6 (11 Nov. 2005)

- Modify tCC and tSAC spec

-5T: tCC =7ns = tCC = 10ns
tSAC = 5ns = tSAC = 6ns

-6T: tCC =8ns = tCC =10ns

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
Revision: 3.3 1/46
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Revision 2.7 (19Jun. 2006)
- Add BRSW mode

Revision 2.8 (06 Jul. 2006)
- Modify some description for BRSW.

Revision 2.9 (08 Dec. 2006)
- Add BGA type to ordering information

Revision 3.0 (16 Mar. 2007)
- Delete the mark of BGA package in packing diemension

Revision 3.1 (31 Jul. 2007)
- Modify Icc2N test condition (/CS <= VIH 2 /CS >=VIH )

Revision 3.2 (09 Oct. 2007)
- Modify tSHZ timing

Revision 3.3 (05 May. 2008)

- Add Revision History

- Rename A13, A12 to BAO, BA1

- Delete frequency vs. AC parameter relationship table

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
Revision: 3.3 2/46
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SDRAM 1M x 16 Bit x 4 Banks
Synchronous DRAM

FEATURES ORDERING INFORMATION
« JEDEC standard 3.3V power Supp|y PRODUCT NO. MAX FREQ.| PACKAGE | Comments
* LVTTL compatible with multiplexed address M12L64164A-5TG | 200MHz |54 TSOP Il | Pb-free
* Four banks operation
* MRS cycle with address key programs M12L64164A-6TG 166MHz | 54 TSOP Il Pb-free
- CAS Latency (2 & 3)
- Burst Length (1, 2, 4, 8 & full page) M12L64164A-7TG 143MHz | 54 TSOP Il Pb-free
- Burst Type (Sequential & Interleave) M12L64164A-5BG | 200MHz 54 VBGA Pb-free
* Allinputs are sampled at the positive going edge of the
system clock M12L64164A-6BG 166MHz 54 VBGA Pb-free
* DQM for masking M12L64164A-7BG 143MHz 54 VBGA Pb-free

* Auto & self refresh
* 15.6 u s refresh interval

GENERAL DESCRIPTION

The M12L64164A is 67,108,864 bits synchronous high data rate Dynamic RAM organized as 4 x 1,048,576 words by
16 bits. Synchronous design allows precise cycle controls with the use of system clock I/O transactions are possible on
every clock cycle. Range of operating frequencies, programmable burst length and programmable latencies allow the same
device to be useful for a variety of high bandwidth, high performance memory system applications.

PIN ASSIGNMENT

Top View 54 Ball FVBGA (8mmx8mm)
Vop 1 54[] Vss 1 2 3 4 5 6 7 8 9
DQO [ 2 53] DQ15
g ERES ] () 3 o) (o)
pQ1 4 511 DQ14
=0 2E ) 0o SIS
Vssa [] 6 49 Vbba
pDQ3 7 48[ DQ12
& R e o (o) ()
Voba ]9 46[] Vssa
=l BE ) mew Slole
DQ6 ] 11 44 DQY
Vssa [] 12 43[] Vbba
DQ7 ] 13 427 DQ8 E DQ8 @@
Voo [] 14 41 Vss
IR0 @IOIO
‘WE ] 16 39[7] ubaM
CAS ] 17 38[] CLK
RAS ] 18 37[] CKE G @ BAO @
TS 19 36[] NC
BAO []20 35 A1t
A10/AP ] 22 33 As
HEOBY L e () ()
A1 []24 31 As
A2 ] 25 30 As
A3 []26 29[ A4
Vbb [] 27 28[7] Vss
Elite Semiconductor Memory Technology Inc. Publication Date: May 2008

Revision: 3.3 3/46
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FUNCTIONAL BLOCK DIAGRAM

CLK =™ Clock
CKE Generator | [ Bank D
[ ] Bank C
[ 1 Bank B
Address Row .
l Address k3 ||
Buffer 8
Mode & 2 Bank A
Register Refresh 2
[e]
Counter x ||
Yy l A 4 ’_'
»  Sense Amplifier —
e = L(U)DQM
(] N
cs ————— E © Agdl:,g]sns “| Column Decoder vV
D
RAS — g S » Buffer ~ =
2 3 R it 2 E
~TAQ —m» ®© = elres 2 j=
CAS € 3 Counter - (§) o
IS &) Data Control Circuit c 3 3> DQ
WE — § S 5 @
f . g
PIN FUNCTION DESCRIPTION
PIN NAME INPUT FUNCTION
CLK System Clock Active on the positive going edge to sample all inputs
— . Disables or enables device operation by masking or enabling all
Cs Chip Select inputs except CLK , CKE and L(U)DQM
Masks system clock to freeze operation from the next clock cycle.
CKE Clock Enable CKE should be enabled at least one cycle prior new command.
Disable input buffers for power down in standby.
A0 ~ A11 Address Row / column address are multiplexed on the same pins.
Row address : RAO~RA11, column address : CAO~CA7
BA1, BAO Bank Select Address Selects bank to be activated during row address latch time.

Selects bank for read / write during column address latch time.

Latches row addresses on the positive going edge of the CLK with
RAS Row Address Strobe RAS low.
Enables row access & precharge.

Latches column address on the positive going edge of the CLK with
CAS Column Address Strobe CAS low.
Enables column access.

Enables write operation and row precharge.

WE Write Enable . ) - .
Latches data in starting from CAS, WE active.
Makes data output Hi-Z, tsHz after the clock and masks the output.
L(U)DQM Data Input / Output Mask
(upa ata Tnput FIUTpUE as Blocks data input when L(U)DQM active.
DQO ~ DQ15 Data Input / Output Data inputs / outputs are multiplexed on the same pins.
VDD /VSS Power Supply / Ground Power and ground for the input buffers and the core logic.

Isolated power supply and ground for the output buffers to provide

VDDQ /VSSQ | Data Output Power / Ground improved noise immunity.

NC No Connection This pin is recommended to be left No Connection on the device.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
Revision: 3.3 4/46
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ABSOLUTE MAXIMUM RATINGS
PARAMETER SYMBOL VALUE UNIT

Voltage on any pin relative to Vss VIN, Vout -1.0~46 \%

Voltage on Vob supply relative to Vss Vop, Voba -1.0~4.6 \Y,

Storage temperature TsTtG -55 ~ +150 °C

Power dissipation Po 1 w

Short circuit current los 50 mA

Note:

Functional operation should be restricted to recommended operating condition.
Exposure to higher than recommended voltage for extended periods of time could affect device reliability.

DC OPERATING CONDITION
Recommended operating conditions (Voltage referenced to VSS = 0V, TA=01to 70°C)

Permanent device damage may occur if ABSOLUTE MAXIMUM RATING are exceeded.

PARAMETER SYMBOL MIN TYP MAX UNIT NOTE
Supply voltage Vobb, Vbba 3.0 3.3 3.6 \%
Input logic high voltage ViH 20 Vop+0.3 \Y, 1
Input logic low voltage Vi -0.3 0 0.8 \Y 2
Output logic high voltage VoH 2.4 - - \% loH = -2mA
Output logic low voltage VoL - - 0.4 \% loL = 2mA
Input leakage current I -5 - 5 LA 3
Output leakage current loL -5 - 5 nA 4
Note: 1. ViHmax) = 4.6V AC for pulse width < 10ns acceptable.
2. Viymin) = -1.5V AC for pulse width < 10ns acceptable.
3. Anyinput OV < ViNn < Vop+ 0.3V, all other pins are not under test = OV.
4. Doutis disabled , 0OV < Vour < Vbb.
CAPACITANCE (VDD =3.3V, TA=25°C, f = 1IMHZ)
PARAMETER SYMBOL MIN MAX UNIT
Input capacitance (A0 ~ A11, BAO ~ BA1) CiNt 2 4 pF
Input capacitance
(CLK, CKE, CS, RAS, CAS, WE & Cinz 2 4 pF
L(U)DQM)
Data input/output capacitance (DQO ~ DQ15) Cout 2 6 pF

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008

Revision: 3.3 5/46
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DC CHARACTERISTICS

Recommended operating condition unless otherwise noted » TA=0to 70°C

VERSION
PARAMETER SYMBOL TEST CONDITION 5 p - UNIT | NOTE
; Burst Length = 1, t Rc > t Rcmin), lo. = 0 MA,
Operating Current lect 100 | 85 | 85 | mA | 12
(One Bank Active) tec = tee(min)
< = i

Precharge Standby Current lccap CKE £ Viymax), tcc = tcc(min) 2 mA
in power-down mode Iccors CKE & CLK < ViLmax), tcc = o 1

lccan CKE = ViH(min), CcS»> ViH(min), tcc = tcc(min) 20
Precharge Standby Current Input signals are changed one time during 2CLK mA
in non power-down mode

| CKE > ViH(min), CLK < ViL(max), tcc = o 10

CC2NS . .

input signals are stable
Active Standby Current Iccsp CKE < Vimax), tcc = tcc(min) 10 mA
in power-down mode Iccaps CKE & CLK <ViLmax), tcc = o 10
> in), CS > i =

Active Standby Current lccan CKE = ViH(min), CS = ViH(min), tcc=15ns 30 mA
in non power-down mode Input signals are changed one time during 2clks
(One Bank Active) All other pins > Vpp-0.2Vor < 0.2V

lccans CKE > ViH(min), CLK £ ViLmax), tcc = o

input signals are stable 25 mA

OBperatutll\;lwgdCurrent leca lo. = 0 mA, Page Burst, All Bank active 180 | 150 | 140 mA 12
(Burst Mode) Burst Length = 4, CAS Latency = 3
Refresh Current Iccs trc 2 trRc(min), tcc = tec(min) 180 | 150 | 140 mA
Self Refresh Current Icce CKE<0.2V 1 mA

Note :

1. Measured with outputs open.

2. Input signals are changed one time during 2 CLKS.

Elite Semiconductor Memory Technology Inc.
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ESMT M12L64164A

AC OPERATING TEST CONDITIONS (VDD =3.3V+0.3V > TA=0t070°C)

PARAMETER VALUE UNIT
Input levels (Vih/Vil) 2.4/0.4 \Y
Input timing measurement reference level 14 \%
Input rise and fall-time tr/itf = 1/1 ns
Output timing measurement reference level 14 \%
Output load condition See Fig. 2
3.3V Vtt = 1.4V
12000) 5000

Vi DC) =2.4V , IoH = - A
Output oo b _ VoH (DC) =2 ,IonH =-2m Output 20 =500)
VoL (DC) =0.4V , IoL = 2 mA

S0pF SO0pF
870Q)
(Fig. 1) DC Output Load Circuit (Fig. 2) AC Output Load Circuit
OPERATING AC PARAMETER
(AC operating conditions unless otherwise noted)
PARAMETER SYMBOL VERSION UNIT NOTE
-5 -6 -7
Row active to row active delay tRRD(min) 10 12 14 ns 1
RAS to CAS delay tReD(min) 15 18 20 ns 1
Row precharge time tRP(min) 15 18 20 ns 1
Row active time tRaS(min) 38 40 42 ns 1
tRAS(max) 100 us

@ Operating tRC(min) 53 58 63 ns 1
Row cycle time "G Auto refresh tRFC(min) 55 60 70 ns 15
Last data in to col. address delay tepL(min) 1 CLK 2
Last data in to row precharge tRDL(min) 2 CLK 2
Last data in to burst stop tBDL(min) 1 CLK 2
Col. address to col. address delay tceo(min) 1 CLK 3
Number of valid CAS latency = 3 2 ea 4
Output data CAS latency = 2 1

Note : 1. The minimum number of clock cycles is determined by dividing the minimum time required with clock cycle time and then
rounding off to the next higher integer.
2. Minimum delay is required to complete with.
3. All parts allow every cycle column address change.
4. In case of row precharge interrupt, auto precharge and read burst stop.
5. A new command may be given trrc after self refresh exit.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
Revision: 3.3 7/46
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AC CHARACTERISTICS (AC operating condition unless otherwise noted)

-5 -6 -7
PARAMATER SYMBOL MIN MAX MIN MAX MIN MAX UNIT | NOTE
) CAS latency = 3 5 6 7

CLK cycle time tec 1000 1000 1000 ns 1
CAS latency = 2 10 10 10

CLK to valid CAS latency = 3 4.5 5.5 6

output delay _ tsac ns 1.2
CAS latency = 2 6 6 6

Output data CAS latency = 3 o 20 2.5 2.5 s ’

hold time CAS latency = 2 2.0 2.5 2.5

CLK high pulsh width tcH 2.5 2.5 2.5 ns 3

CLK low pulsh width teL 2.5 2.5 2.5 ns 3

Input setup time tss 1.5 1.5 1.5 ns 3

Input hold time tsH 1 1 1 ns 3

CLK to output in Low-Z tsLz 0 0 0 ns 2

CLK to output CAS latency = 3 4.5 5.5 6

in Hi-Z tshz ns -
CAS latency = 2 6 6 6

Note : 1. Parameters depend on programmed CAS latency.
2. If clock rising time is longer than 1ns. (tr/2 - 0.5) ns should be considered.
3. Assumed input rise and fall time (tr & tf) =1ns.
If tr & tf is longer than 1ns. transient time compensation should be considered.
i.e., [(tr + tf)/2 — 1] ns should be added to the parameter.
Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
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SIMPLIFIED TRUTH TABLE
COMMAND CKEn-1| CKEn | CS |RAS | CAs | WE |DaM| BAO | Ayoap| A1 | Note
BA1 A9~A0
Register Mode Register set H X L L L L X OP CODE 1,2
Auto Refresh H 3
H L L L H X X 3
Refresh Self Entry L
Refresh H H H X 3
Exit L H X
H X 3
Bank Active & Row Addr. H X L H H X \Y, Row Address
Read & Auto Precharge Disable L Column 4
ea H X LI H|L|H]|X]|V Address
Column Address | Auto Precharge Enable H (AO~AT) | 4,5
Write & Auto Precharge Disable L Column 4
rite H X LI H| L | L/|X]|V Address
Column Address | Auto Precharge Enable H (AO~AT7) | 45
Burst Stop H X L H H L X X 6
Bank Selection \Y, L
Precharge H X L L H L X X
All Banks X H
H| X X X
Clock Suspend or Entry H L X
Active Power Down LV \ \Y X
Exit L H X | X X X X
H| X X X
Entry H L X
L H H H X
Precharge Power Down Mode
H| X X X
Exit L H X
L| V \Y \
DQM H X \ X 7
H| X X
No Operating Command H X ) H X X

Note :  1.0P Code : Operating Code
AO0~A11 & BAO, BA1 : Program keys. (@ MRS)

2.MRS can be issued only at all banks precharge state.
A new command can be issued after 2 CLK cycles of MRS.

(V =Valid , X = Don’t Care. H = Logic High , L = Logic Low )

3.Auto refresh functions are as same as CBR refresh of DRAM.
The automatical precharge without row precharge of command is meant by “Auto”.

Auto/self refresh can be issued only at all banks idle state.
4 BAO, BA1 : Bank select addresses.
If both BAO and BA1 are “Low” at read ,write , row active and precharge ,bank A is selected.

If both BAO is “Low” and BA1 is “High” at read ,write , row active and precharge ,bank B is selected.
If both BAO is “High” and BA1 is “Low” at read ,write , row active and precharge ,bank C is selected.

If both BAO and BA1 are “High” at read ,write , row active and precharge ,bank D is selected

If A10/AP is “High” at row precharge , BAO and BA1 is ignored and all banks are selected.

5.During burst read or write with auto precharge. new read/write command can not be issued.
Another bank read/write command can be issued after the end of burst.
New row active of the associated bank can be issued at tRP after the end of burst.
6.Burst stop command is valid at every burst length.
7.DQM sampled at positive going edge of a CLK and masks the data-in at the very CLK (write DQM latency is 0), but
makes Hi-Z state the data-out of 2 CLK cycles after.(Read DQM latency is 2)

Elite Semiconductor Memory Technology Inc.
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ESMT M12L64164A
MODE REGISTER FIELD TABLE TO PROGRAM MODES
Register Programmed with MRS
Address | BAO, BA1 A11~A10/AP A9 A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 A0
Function RFU RFU W.B.L ™ CAS Latency BT Burst Length
Test Mode CAS Latency Burst Type Burst Length
A8 | A7 Type A6 | A5 | A4 | Latency | A3 Type A2 | A1 A0 BT=0 BT=1
0 0 Mode Register Set 0 0 0 |Reserved| 0 |[Sequential| O 0 0 1 1
0 1 Reserved 0 0 1 Reserved | 1 Interleave | O 0 1 2 2
1 0 Reserved 0 1 0 2 0 1 0 4 4
1 1 Reserved 0 1 1 3 0 1 1 8 8
Write Burst Length 1 0 0 |Reserved 1 0 0 |Reserved | Reserved
A9 Length 1 0 1 Reserved 1 0 1 Reserved |Reserved
0 Burst 1 1 0 |Reserved 1 1 0 |Reserved | Reserved
1 Single Bit 1 1 1 Reserved 1 1 1 Full Page | Reserved

POWER UP SEQUENCE

Full Page Length

1 256

1.Apply power and start clock, Attempt to maintain CKE = "H”, DQM = "H” and the other pin are NOP condition at the inputs.
2. Maintain stable power , stable clock and NOP input condition for a minimum of 200us.
3. Issue precharge commands for all banks of the devices.

4. Issue 2 or more auto-refresh commands.

5. Issue mode register set command to initialize the mode register.
cf.) Sequence of 4 & 5 is regardless of the order.

The device is now ready for normal operation.

Note : 1. RFU(Reserved for future use) should stay “0” during MRS cycle.

2. If A9 is high during MRS cycle, “Burst Read Single Bit Write” function will be enabled.

3. The full column burst (256 bit) is available only at sequential mode of burst type.

Elite Semiconductor Memory Technology Inc.
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ESMT M12L64164A
BURST SEQUENCE (BURST LENGTH = 4)
Initial Adrress Sequential Interleave
A1 A0
0 0 0 1 2 3 0 1 2 3
0 1 1 2 3 0 1 0 3 2
1 0 2 3 0 1 2 3 0 1
1 1 3 0 1 2 3 2 1 0
BURST SEQUENCE (BURST LENGTH = 8)
Initial Sequential Interleave
A2 A1 A0
0 0 0 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
0 0 1 1 2 3 4 5 6 7 0 1 0 3 2 5 4 7 6
0 1 0 2 3 4 5 6 7 0 1 2 3 0 1 6 7 4 5
0 1 1 3 4 5 6 7 0 1 2 3 2 1 0 7 6 5 4
1 0 0 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3
1 0 1 5 6 7 0 1 2 3 4 5 4 7 6 1 0 3 2
1 1 0 6 7 0 1 2 3 4 5 6 7 4 5 2 3 0 1
1 1 1 7 0 1 2 3 4 5 6 7 6 5 4 3 2 1 0

Elite Semiconductor Memory Technology Inc.
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DEVICE OPERATIONS

CLOCK (CLK)

The clock input is used as the reference for all SDRAM
operations. All operations are synchronized to the positive
going edge of the clock. The clock transitions must be
monotonic between ViL and ViH. During operation with CKE
high all inputs are assumed to be in valid state (low or high)
for the duration of setup and hold time around positive edge
of the clock for proper functionality and Icc specifications.

CLOCK ENABLE(CKE)

The clock enable (CKE) gates the clock onto SDRAM. If
CKE goes low synchronously with clock (set-up and hold
time same as other inputs), the internal clock suspended
from the next clock cycle and the state of output and burst
address is frozen as long as the CKE remains low. All other
inputs are ignored from the next clock cycle after CKE goes
low. When all banks are in the idle state and CKE goes low
synchronously with clock, the SDRAM enters the power
down mode from the next clock cycle. The SDRAM remains
in the power down mode ignoring the other inputs as long as
CKE remains low. The power down exit is synchronous as
the internal clock is suspended. When CKE goes high at
least “1CLK + tss” before the high going edge of the clock,
then the SDRAM becomes active from the same clock edge
accepting all the input commands.

BANK ADDRESSES (BA0,BA1)

This SDRAM is organized as four independent banks of
1,048,576 words x 16 bits memory arrays. The BAO and BA1
inputs are latched at the time of assertion of RAS and
CAS to select the bank to be used for the operation. The

banks addressed BAO and BA1 are latched at bank active,
read, write, mode register set and precharge operations.

ADDRESS INPUTS (A0~A11)

The 20 address bits are required to decode the 1,048,576
word locations are multiplexed into 12 address input pins
(A0O~A11). The 12 row addresses are latched along with

RAS and BAO,BA1 during bank active command. The 8 bit

column addresses are latched along with CAS, WE and
BAO,BA1 during read or with command.

NOP and DEVICE DESELECT

When RAS , CAS and WE are high, The SDRAM
performs no operation (NOP). NOP does not initiate any new
operation, but is needed to complete operations which
require more than single clock cycle like bank activate, burst
read, auto refresh, etc. The device deselect is also a NOP

and is entered by asserting cs high. cs high disables

the command decoder so that RAS, CAS, WE and all
the address inputs are ignored.

POWER-UP

1.Apply power and start clock, Attempt to maintain CKE
= “H’, DQM = “H” and the other pins are NOP
condition at the inputs.

2.Maintain stable power, stable clock and NOP input
condition for minimum of 200us.

3.Issue precharge commands for both banks of the
devices.

4 Issue 2 or more auto-refresh commands.

5.Issue a mode register set command to initialize the
mode register.
cf.) Sequence of 4 & 5 is regardless of the order.

The device is now ready for normal operation.

MODE REGISTER SET (MRS)

The mode register stores the data for controlling the
various operating modes of SDRAM. It programs the
CAS latency, burst type, burst length, test mode and
various vendor specific options to make SDRAM useful
for variety of different applications. The default value of
the mode register is not defined, therefore the mode
register must be written after power up to operate the
SDRAM. The mode register is written by asserting low

on CS, RAS, CAS and WE (The SDRAM should
be in active mode with CKE already high prior to writing
the mode register). The state of address pins AO~A11

and BAO,BA1 in the same cycle as CS, RAS, CAS

and WE going low is the data written in the mode
register. Two clock cycles is required to complete the
write in the mode register. The mode register contents
can be changed using the same command and clock
cycle requirements during operation as long as all banks
are in the idle state. The mode register is divided into
various fields into depending on functionality. The burst
length field uses AO0~A2, burst type uses A3, CAS
latency (read latency from column address) use A4~AG,
vendor specific options or test mode use A7~AS8,
A10/AP~A11 and BAO,BA1. The write burst length is
programmed using A9. A7~A8, A10/AP~A11 and BAO,
BA1 must be set to low for normal SDRAM operation.
Refer to the table for specific codes for various burst
length, burst type and CAS latencies.

Elite Semiconductor Memory Technology Inc.
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DEVICE OPERATIONS (Continued)

BANK ACTIVATE

The bank activate command is used to select a random row

in an idle bank. By asserting low on RAS and CS with
desired row and bank address, a row access is initiated. The
read or write operation can occur after a time delay of trco
min) from the time of bank activation. trco is the internal
timing parameter of SDRAM, therefore it is dependent on
operating clock frequency. The minimum number of clock
cycles required between bank activate and read or write
command should be calculated by dividing trcp (min) with
cycle time of the clock and then rounding of the result to the
next higher integer. The SDRAM has four internal banks in
the same chip and shares part of the internal circuitry to
reduce chip area, therefore it restricts the activation of four
banks simultaneously. Also the noise generated during
sensing of each bank of SDRAM is high requiring some time
for power supplies to recover before another bank can be
sensed reliably. trRrRD (min) specifies the minimum time required
between activating different bank. The number of clock
cycles required between different bank activation must be
calculated similar to trcp specification. The minimum time
required for the bank to be active to initiate sensing and
restoring the complete row of dynamic cells is determined by
tras (min). Every SDRAM bank activate command must satisfy
tras (min) specification before a precharge command to that
active bank can be asserted. The maximum time any bank
can be in the active state is determined by tras (max) and tras
(max) can be calculated similar to trep specification.

BURST READ

The burst read command is used to access burst of data on
consecutive clock cycles from an active row in an active
bank. The burst read command is issued by asserting low on

CS and RAS with WE being high on the positive edge
of the clock. The bank must be active for at least trco (min)
before the burst read command is issued. The first output
appears in CAS latency number of clock cycles after the
issue of burst read command. The burst length, burst
sequence and latency from the burst read command is
determined by the mode register which is already
programmed. The burst read can be initiated on any column
address of the active row. The address wraps around if the
initial address does not start from a boundary such that
number of outputs from each I/O are equal to the burst
length programmed in the mode register. The output goes
into high-impedance at the end of burst, unless a new burst
read was initiated to keep the data output gapless. The burst
read can be terminated by issuing another burst read or
burst write in the same bank or the other active bank or a
precharge command to the same bank. The burst stop
command is valid at every page burst length.

BURST WRITE

The burst write command is similar to burst read command
and is used to write data into the SDRAM on consecutive
clock cycles in adjacent addresses depending on burst
length

and burst sequence. By asserting low on &, CAS

and WE with valid column address, a write burst is
initiated. The data inputs are provided for the initial
address in the same clock cycle as the burst write
command. The input buffer is deselected at the end of
the burst length, even though the internal writing can be
completed yet. The writing can be complete by issuing a
burst read and DQM for blocking data inputs or burst
write in the same or another active bank. The burst stop
command is valid at every burst length. The write burst
can also be terminated by using DQM for blocking data
and procreating the bank troL after the last data input to
be written into the active row. See DQM OPERATION
also.

DQM OPERATION

The DQM is used mask input and output operations. It

works similar to OE during operation and inhibits
writing during write operation. The read latency is two
cycles from DQM and zero cycle for write, which means
DQM masking occurs two cycles later in read cycle and
occurs in the same cycle during write cycle. DQM
operation is synchronous with the clock. The DQM
signal is important during burst interrupts of write with
read or precharge in the SDRAM. Due to asynchronous
nature of the internal write, the DQM operation is critical
to avoid unwanted or incomplete writes when the
complete burst write is required. Please refer to DQM
timing diagram also.

PRECHARGE

The precharge is performed on an active bank by
asserting low on clock cycles required between bank
activate and clock cycles required between bank

activate and CS, RAS, WE and A10/AP with valid
BAO, BA1 of the bank to be procharged. The precharge
command can be asserted anytime after tras (min) is
satisfy from the bank active command in the desired
bank. tre is defined as the minimum number of clock
cycles required to complete row precharge is calculated
by dividing tRP with clock cycle time and rounding up to
the next higher integer. Care should be taken to make
sure that burst write is completed or DQM is used to
inhibit writing before precharge command is asserted.
The maximum time any bank can be active is specified
by tras (max). Therefore, each bank activate command. At
the end of precharge, the bank enters the idle state and
is ready to be activated again. Entry to power-down,
Auto refresh, Self refresh and Mode register set etc. is
possible only when all banks are in idle state.

Elite Semiconductor Memory Technology Inc.
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DEVICE OPERATIONS (Continued)

AUTO PRECHARGE

The precharge operation can also be performed by using
auto precharge. The SDRAM internally generates the timing
to satisfy tras (min) and “tre” for the programmed burst length
and CAS latency. The auto precharge command is issued at
the same time as burst write by asserting high on A10/AP,
the bank is precharge command is asserted. Once auto
precharge command is given, no new commands are
possible to that particular bank until the bank achieves idle
state.

BOTH BANKS PRECHARGE

Both banks can be precharged at the same time by using
Precharge all command. Asserting low on C_S,RAS, and

WE with high on A10/AP after all banks have satisfied tras
(min) requirement, performs precharge on all banks. At the
end of trp after performing precharge all, all banks are in idle
state.

AUTO REFRESH

The storage cells of SDRAM need to be refreshed every
64ms to maintain data. An auto refresh cycle accomplishes
refresh of a single row of storage cells. The internal counter
increments automatically on every auto refresh cycle to
refresh all the rows. An auto refresh command is issued by

asserting low on @, RAS and CAS with high on CKE

and WE . The auto refresh command can only be asserted
with both banks being in idle state and the device is not in
power down mode (CKE is high in the previous cycle). The
time required to complete the auto refresh operation is
specified by trrc (min). The minimum number of clock cycles
required can be calculated by driving trrc with clock cycle
time and them rounding up to the next higher integer. The
auto refresh command must be followed by NOP’s until the
auto refresh operation is completed. The auto refresh is the
preferred refresh mode when the SDRAM is being used for
normal data transactions. The auto refresh cycle can be
performed once in 15.6us.

SELF REFRESH

The self refresh is another refresh mode available in the
SDRAM. The self refresh is the preferred refresh mode
for data retention and low power operation of SDRAM.
In self refresh mode, the SDRAM disables the internal
clock and all the input buffers except CKE. The refresh
addressing and timing is internally generated to reduce
power consumption. The self refresh mode is entered

from all banks idle state by asserting low on &,

RAS, CAS and CKE with high on WE . Once the self
refresh mode is entered, only CKE state being low
matters, all the other inputs including clock are ignored
to remain in the refresh.

The self refresh is exited by restarting the external clock
and then asserting high on CKE. This must be followed
by NOP’s for a minimum time of trrc before the SDRAM
reaches idle state to begin normal operation.

Elite Semiconductor Memory Technology Inc.
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COMMANDS

Mode register set command
(CS,RAS,CAS,WE = Low)

The M12L64164A has a mode register that defines how the device operates. In
this command, AO through A11, BAO and BA1 are the data input pins. After power on,
the mode register set command must be executed to initialize the device.

The mode register can be set only when all banks are in idle state. During 2CLK
(trsc) following this command, the M12L64164A cannot accept any other commands.

Activate command
(CS,RAS = Low, CAS, WE = High)

The M12L64164A has four banks, each with 4,096 rows.
This command activates the bank selected by BA1 and BAO (BS) and a row
address selected by AO through A11.

This command corresponds to a conventional DRAM’s RAS falling.

Precharge command
(CS,RAS,WE =Low,CAS = High)

This command begins precharge operation of the bank selected by BA1 and BAO
(BS). When A10 is High, all banks are precharged, regardless of BA1 and BAO.
When A10 is Low, only the bank selected by BA1 and BAOQ is precharged.

After this command, the M12L64164A can’t accept the activate command to the
precharging bank during tRP (precharge to activate command period).

This command corresponds to a conventional DRAM’s RAS rising.

CLK

CKE

CS

RAS
CAS

WE

BA1, BAD
A10

Add

Fig. 1

CLK

CKE

CS
RAS
CAS
WE

BA1, BAO
(Bank select)

A10

Add

Fig. 2 Row

Mode register set
command

address stroble and

bank active command

CLK

CKE

cs

RAS

CAS

WE

BA1, BAO
(Bank select)

A10

(Precharge select)

Add

Fig. 3 Precharge command
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Write command

(CS,CAS, WE = Low, RAS = High) oxe H

If the mode register is in the burst write mode, this command sets the burst start cs
address given by the column address to begin the burst write operation. The fist ~ —
write data in burst can be input with this command with subsequent data on following RAS / g

clocks.
CAS

WE

BA1, BAD
(Bank select)

A10
Add e\

Fig. 4 Column address and
write command

Read command CLK

CKE H

(CS,CAS = Low,RAS, WE = High)
CS

Read data is available after CAS latency requirements have been met. RAS

This command sets the burst start address given by the column address.
CAS

WE

BA1, BAO
(Bank select)

A10

Add ...ICOL.:

Fig. 5 Column address and
read command

CBR (auto) refresh command CLK
- S ) cke H
(CS,RAS,CAS =Low, WE, CKE = High)
cs
This command is a request to begin the CBR refresh operation. The refresh _
address is generated internally. RRS 7\
Before executing CBR refresh, all banks must be precharged. CAS 77
After this cycle, all banks will be in the idle (precharged) state and ready for a AN
row activate command. WE
During tRc period (from refresh command to refresh or activate command), the
M12L64164A cannot accept any other command. s 777
o T
adg
Fig. 6 Auto refresh command
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Self refresh entry command

(CS,RAS,CAS, CKE = Low , WE = High)
After the command execution, self refresh operation continues while CKE
remains low. When CKE goes to high, the M12L64164A exits the self refresh mode.
During self refresh mode, refresh interval and refresh operation are performed

internally, so there is no need for external control.
Before executing self refresh, all banks must be precharged.

Burst stop command
(CS,WE =Low,RAS,CAS = High)

This command terminates the current burst operation.
Burst stop is valid at every burst length.

No operation
(CS =Low,RAS,CAS,WE = High)

This command is not a execution command. No operations begin or terminate by
this command.

CLK |
CKE

Cs

RAS

CAS

WE

BA1,BAQ
(Bank select)

A10

Add
Fig. 7 Self refresh entry
command

CLK

CKE H

Cs

RAS

CAS

WE

BAL,BA)
(Bank select)

A10

Add

Fig. 8 Burst stop command

WE

BA1, BAO
(Bank select)

A10
Add

Fig. 9 No operation
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ESMT

BASIC FEATURE AND FUNCTION DESCRIPTIONS

1. CLOCK Suspend

=4)

2) Clock Suspended During Read (BL

=4)

1) Clock Suspended During Write (BL

Internal

D1

Suspended Dout

Not Written

=4)

2)Read Mask (BL

=4)

1)Write Mask (BL

CLK

D3

D1

I
T
I
|
I
I
!
DO
|
DO
T
I
|

DQ(CL3)

DQM to Data-out Mask=2

DQM to Data-in Mask=0

*Note2

3)DQM with clcok suspended (Full Page Read)

Q2
Q1

2. DQM masks data out Hi-Z after 2CLKs which should masked by CKE "L”".

3. DQM masks both data-in and data-out.

CMD i
CKE L‘
CLK 1
DQM ;
DQ(CL2) i
DQ(CL3) i
*Note :1. CKE to CLK disable/enable = 1CLK.

Internal

2. DQM Operation
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3. CAS Interrupt (l)

*Note 1
1)Read interrupted by Read (BL=4)

| | | ! ! ! |
R
cu | o
| T T | | | | | | |
| | | | | | ! | | |
| | | | | | i |
ADD | L
| 1 | | | | ! | | |
| | | | | | | | | ,
‘ | | ‘ ‘ ‘ ‘ ‘ !
pQ(CL2) ! ! -~ {QA0) QBO) QB B2) QB3 )— |
e
! | | 1 1 | 1 L
DQ(CL3) ; : . (QA0)/QB B1YaB2)YaB3 )
T T !
N e
‘ tcco ‘ ‘ ‘ ‘
Note 2
2)Write interrupted by Write (BL=2) 3)Write interrupted by Read (BL=2)
: : | | | ; | | | ; I I | ; !
| | | | | ! | | | | | | | !
CMD | WR Y WR ! ! | | ! m- w ! | | !
C(WRXWR) CWRRR)
} :,—a‘ | | : } | f—————f | | I | }
‘ tccp *Note 2 | | | | tccop *Note 2| | | | [
| , | | | | ! | | | I I | | !
| | | | | | | | | | !
ADD o A (B ) : o
| | | | | | ! | | | | | I | !
| | | | | | | | | | | | | | !
| | | | | I I | !
00 L 0A0){DBO) DB 1)+ barer2) — -
| T ! | | | | | | | !
T e N g W
: *Note 3 ! ! ! | DQ(CL3) DAO )— ‘ +—(DBO )} DB1)—
: \4/J : : | | !
I tcoL ! | | | | !
*Note 3
*Note : 1. By “interrupt” is meant to stop burst read/write by external before the end of burst.

By ” CAS interrupt”, to stop burst read/write by CAS access; read and write.

2.tccp :CAS to CAS delay. (=1CLK)

3. tcoL @ Last data in to new column address delay. (=1CLK)

Elite Semiconductor Memory Technology Inc.
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ESMT

4. CAS Interrupt (ll) : Read Interrupted by Write & DQM

=4

=2,BL

(a)CL

CLK

i)CMD

iii)CMD

Publication Date: May 2008

Revision: 3.3
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4

3,BL

(b)CL

ESMT

CLK

iii)CMD
v)CMD

D1
DO
*Note : 1. To prevent bus contention, there should be at least one gap between data in and data out.
Note3
Note2

5. Write Interrupted by Precharge & DQM

21/46

Publication Date: May 2008
Revision: 3.3

Masked by DQM

1. To prevent bus contention, DQM should be issued which makes at least one gap between data in and data out.
but only another bank precharge of four banks operation.

2. To inhibit invalid write, DQM should be issued.
3. This precharge command and burst write command should be of the same bank, otherwise it is not precharge interrupt

Elite Semiconductor Memory Technology Inc.

*Note :
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6. Precharge

1)Normal Write (BL=4)

CLK 1 CLK

I I | I I
| I | I I !
CMD | (wR) ! ! ' [PRE) CMD
| - | | | | !
| | | | | | !
I L L L 1 | I !
bQ ' {po Y b1 Y b2 Y D3 1 3 DQ(CL2)
| ! ! ! —_ !
I ] I I \tRDL I I !
*Note1 CMD
DQ(CL3)

2)Normal Read (BL=4)

|
|
I
I
\ |
I I
} R DD Y ) ————
| | | | | | | :
| I I | I I
! ! ! ! (PRE)CL=3 |
| | | | | | 1
| | | | | | *Note?2 :
I I I | L L I
I
i i i Qo a1 Y @2 Y Q3 |
’ I
| | | !

7. Auto Precharge

1)Normal Write (BL=4)

2)Normal Read (BL=4)

| I ; | I | : I I | | : I I I
| | | | | | | | | | | | | |
M D
CMD | WR I | | | : C | - | | I | | |
CwR) C(RD) b
| 1 1 1 1 | ! | | | 1 l 1 1 |
PQ  (po ) b1 Y p2) D3 ) ‘ pQ(cL2) | : — DO f D1 f D2 f D3 )—;
| | ! | —_trRBL (min) | | | ! ! | | |
| | | | | | | | | 1 1 | |
T DQ(CL3) ! ! ! ! DO X D1 X D2 X D3 )—
Notes A A
Auto Precharge starts | | | | | | | I !
‘I‘Notes
Auto Precharge starts
*Note : 1. troL : Last data in to row precharge delay.

2. Number of valid output data after row precharge : 1,2 for CAS Latency = 2,3 respectively.
3. The row active command of the precharge bank can be issued after tre from this point.
The new read/write command of other activated bank can be issued from this point.
At burst read/write with auto precharge, CAS interrupt of the same/another bank is illegal.

Elite Semiconductor Memory Technology Inc.
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8. Burst Stop & Interrupted by Precharge

1)Write Burst Stop (BL=8) 1)Write interrupted by precharge (BL=4)

I i | i I | i i
| | | | ! | | ! | | !
I I I I ! I I *Note3 I I !
CWR) Ly BTOR DR e, ERE
N A = s S R

DM | | | | ! l ? pam | | | ! | ! ! !
T T T T T T T T [ I | T [ T '
| | | | | | : | | | | | | | | 1
| L s | L | | |

ba DO Y D1 D2 Y D3 VD4 /D5 ba DO Y D1 ask\Mask) w w 1
| T T T T \%‘ ﬁ | T T ><Mw W\ | : : :
LD et A
2)Read Burst Stop (BL=4) JRead interrupted by precharge (BL=4)

I [} ! [ I i I I | I
‘ | ‘ | 1 | ! ! ! ! *Note5 ! !
CMD | =N 1 CMD ! | | i | | !
| | A | o .
| | | ! ! | I | | | | j I | i
I I I I I *Note2 ‘ ! ! ! ! ! ! ! ! !
vaceis) (o0 )(ar [ R
L B o A T T T A
| | : : . "Notq‘z | | | | | I | I i
paeLs) L i {ao)ar)., PCLH L1 [ao)ai)az)as )t
I I I I i i ! ! ! ! | |
e [ R N D
‘ ‘ - DQ(CL3) | L ! YR
(cL3) | ; —{ @0 ) at a2 ¥ H
A
9. MRS
1)Mode Register Set
| | | | 1 A
| | *Note ! ‘ ! |
cMD 1 (prE) | | (mrs) | (AcT)

! T | | T | |

| N 1 1 . 1 )

: : ;tRP; : ZCll_K |

*Note: 1. tsoL: 1 CLK; Last data in to burst stop delay.
Read or write burst stop command is valid at every burst length.
2. Number of valid output data after burst stop : 1,2 for CAS latency = 2,3 respectiviely.
3. Write burst is terminated. troL determinates the last data write.
4.DQM asserted to prevent corruption of locations D2 and D3.
5. Precharge can be issued here or earlier (satisfying tras min delay) with DQM.
6. PRE : All banks precharge, if necessary.
MRS can be issued only at all banks precharge state.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
Revision: 3.3 23/46
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10. Clock Suspend Exit & Power Down Exit

1)Clock Suspend(=Active Power Down)Exit

2)Power Down (=Precharge Power Down)

I I I I : I I I | I I : I |

CKE | | | | [—l l l | | | Tss l |

I I | | E% | | CKE I | I D I | |

f T T T | | | ! | |

| | | | | | | | | | | | | |

Internal | | | | | | | Internal | | | | | | |
CLK *Note1 ! | | | | | CLK *Note2! | | ! | |

| | I I | | | | | I I ! | |

| | L | | 1 | | | | 1 | | |

CMD ! RD ) cMD NOPY{ ACT )— !

| | | | | | | | | | | | | |

| | I I | | | | | I I | I I

11. Auto Refresh & Self Refresh
Note3

ove LU L Ll L L L
1 \*Note4: : | : : : ; ! *N01F5 :
cMD | 1 l l T 1 o
| | | | | | | o ! ; | ‘
e B 7/
e
| | 1 1 1 | | : 1 1 : ;
! ! ! ‘ | |
| | - tre L trre ] 1 : .
2)Self Refresh Note6
55
oo LU LI L 2 1] L] L] L] L
:*Note4i : i 1
CMD |
GR) 3 &)
|
|

I
|
|
|
|
CKE !
|
|
|
|
|

*Note : 1. Active power down : one or more banks active state.
2. Precharge power down : all banks precharge state.
3. The auto refresh is the same as CBR refresh of conventional DRAM.
No precharge commands are required after auto refresh command.
During trrc from auto refresh command, any other command can not be accepted.
4. Before executing auto/self refresh command, all banks must be idle state.
5. MRS, Bank Active, Auto/Self Refresh, Power Down Mode Entry.
6. During self refresh entry, refresh interval and refresh operation are performed internally.
After self refresh entry, self refresh mode is kept while CKE is low.
During self refresh entry, all inputs expect CKE will be don’t cared, and outputs will be in Hi-Z state.
For the time interval of trrc from self refresh exit command, any other command can not be accepted.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
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12. About Burst Type Control

: ; At MRS A3 = “0". See the BURST SEQUENCE TABLE. (BL = 4,8)
Basic Sequential Counting BL =1, 2, 4, 8 and full page.
MODE At MRS A3 = “1”. See the BURST SEQUENCE TABLE. (BL = 4,8)
. ="“1". See the . =4,
Interleave Counting BL = 4, 8 At BL =1, 2 interleave Counting = Sequential Counting
Every cycle Read/Write Command with random column address can realize
Random | Random Column Access Random Col A
MODE tceo = 1 CLK andom Column Access.
That is similar to Extended Data Out (EDO) Operation of conventional DRAM.

13. About Burst Length Control

1 At MRS A210 = “000”
At auto precharge . tras should not be violated.
2 At MRS A210 = “001”
Basic At auto precharge . tras should not be violated.
MODE 4 At MRS A210 = “010”
8 At MRS A210 = “011”
Full P At MRS A210 = “111”
ull Fage At the end of the burst length , burst is warp-around.
Random Burst St teoL = 1, Valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively.
MODE urst stop Using burst stop command, any burst length control is possible.
— Before the end of burst. Row precharge command of the same bank stops read /write burst
RAS Interrupt )
(Interrupted by with auto precharge.
Precharge) troL = 1 with DQM , Valid DQ after burst stop is 1, 2 for CAS latency 2, 3 respectively.
“,:;%rgigt During read/write burst with auto precharge, RAS interrupt can not be issued.
Before the end of burst, new read/write stops read/write burst and starts new read/write
CAS Interrupt |Purst.
During read/write burst with auto precharge, CAS interrupt can not be issued.
Elite Semiconductor Memory Technology Inc. Publication Date: May 2008

Revision: 3.3 25/46
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FUNCTION TURTH TABLE (TABLE 1)
Corent | Cs |RAs | CAS | WE | BA ADDR ACTION Note
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
IDLE L H L X BA CA, A10/AP | ILLEGAL 2
L L H H BA RA Row (&Bank) Active ; Latch RA
L L H L BA A10/AP NOP 4
L L L H X X Auto Refresh or Self Refresh 5
L L L L |[OPcode| OP code Mode Register Access 5
H X X X X X NOP
L H H H X X NOP
L H H L X X ILLEGAL 2
Row L H L H BA CA, A10/AP | Begin Read ; latch CA ; determine AP
Active L H L L BA CA, A10/AP | Begin Write ; latch CA ; determine AP
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Precharge
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End - Row Active)
L H H H X X NOP (Continue Burst to End - Row Active)
L H H L X X Term burst > Row active
Read L H L H BA CA, A10/AP | Term burst, New Read, Determine AP
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, Precharge timing for Reads
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End = Row Active)
L H H H X X NOP (Continue Burst to End > Row Active)
L H H L X X Term burst > Row active
Write L H L H BA CA, A10/AP | Term burst, New Read, Determine AP 3
L H L L BA CA, A10/AP | Term burst, New Write, Determine AP 3
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP Term burst, Precharge timing for Writes 3
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End - Row Active)
Read with L H H H X X NOP (Continue Burst to End & Row Active)
Auto L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP (Continue Burst to End = Row Active)
Write with L H H H X X NOP (Continue Burst to End > Row Active)
Auto L H H L X X ILLEGAL
Precharge L H L X BA CA, A10/AP | ILLEGAL
L L H X BA RA, RA10 | ILLEGAL 2
L L L X X X ILLEGAL

Elite Semiconductor Memory Technology Inc.

Publication Date: May 2008

Revision: 3.3

26/46




ESMT M12L64164A
Cgt’;f:t CS |RAS |CAs | WE | BA ADDR ACTION Note
H X X X X X NOP - Idle after tRP
Read with L H H H X X NOP - Idle after tRP
Auto L H H L X X ILLEGAL 2
Precharge L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP NOP - Idle after tRPL 4
L L L X X X ILLEGAL
H X X X X X NOP - Row Active after tRCD
L H H H X X NOP - Row Active after tRCD
Row L H H L X X ILLEGAL 2
Activating L H L X BA CA ILLEGAL 2
L L H H BA RA ILLEGAL 2
L L H L BA A10/AP ILLEGAL 2
L L L X X X ILLEGAL
H X X X X X NOP - Idle after tRFC
L H H X X X NOP - Idle after tRFC
Refreshing L H L X X X ILLEGAL
L L H X X X ILLEGAL
L L L X X X ILLEGAL
H X X X X X NOP - Idle after 2clocks
Mode L H H H X X NOP - Idle after 2clocks
Register L H H L X X ILLEGAL
Accessing L H L X X X ILLEGAL
L L X X X X ILLEGAL
Abbreviations : RA = Row Address BA = Bank Address

NOP = No Operation Command

CA = Column Address

AP = Auto Precharge

*Note : 1. All entries assume the CKE was active (High) during the precharge clock and the current clock cycle.
2. lllegal to bank in specified state ; Function may be legal in the bank indicated by BA, depending on the state of the

bank.

3. Must satisfy bus contention, bus turn around, and/or write recovery requirements.

4. NOP to bank precharge or in idle state. May precharge bank indicated by BA (and A10/AP).

5. lllegal if any bank is not idle.

Elite Semiconductor Memory Technology Inc.
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FUNCTION TRUTH TABLE (TABLE2)
c;trarf:t (c,::_(f) C':E CS |RAS |CAS | WE | ADDR ACTION Note
H X X X X X X INVALID
L H H X X X X Exit Self Refresh - Idle after tRFC (ABI) 6
Self L H L H H H X Exit Self Refresh 2 Idle after tRFC (ABI) 6
Refresh L H L H H L X ILLEGAL
L H L H L X X ILLEGAL
L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Self Refresh)
H X X X X X X INVALID
All L H H X X X X Exit Self Refresh > ABI 7
Banks L H L H H H X Exit Self Refresh > ABI 7
Precharge L H L H H L X ILLEGAL
Power L H L H L X X ILLEGAL
Down L H L L X X X ILLEGAL
L L X X X X X NOP (Maintain Low Power Mode)
H H X X X X X Refer to Table1
H L H X X X X Enter Power Down 8
H L L H H H X Enter Power Down 8
H L L H H L X ILLEGAL
All H L L H L X X ILLEGAL
Banks H L L L H H RA Row (& Bank) Active
Idle H L L L H H X NOP
H L L L L L X Enter Self Refresh 8
H L L L L L OP Code Mode Register Access
L L X X X X X NOP
Any State H H X X X X X Refer to Operations in Table 1
other than H L X X X X X Begin Clock Suspend next cycle 9
Listed L H X X X X X Exit Clock Suspend next cycle 9
above L L X X X X X Maintain Clock Suspend

Abbreviations : ABI = All Banks Idle, RA = Row Address

*Note :

6.CKE low to high transition is asynchronous.

7.CKE low to high transition is asynchronous if restart internal clock.
A minimum setup time 1CLK + tss must be satisfy before any command other than exit.
8.Power down and self refresh can be entered only from the all banks idle state.

9.Must be a legal command.

Elite Semiconductor Memory Technology Inc.
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Single Bit Read-Write-Read Cycle (Same Page) @ CAS Latency = 3,Burst Length = 1

tcH
0 1 ‘2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 | 17 18 19
E “ted” E i E
! HIGH '
CKE trRAS
- téc . . X . . -
*Moted tsH !
cs h_—\____J/ \ / | L—i———————J | b
o - tRCD: . L I " — trRP. -
tsHo tss :
RAS _\ / / \ ] \ / \ / A /
FSS tsk e tcco- ,J:
cAs 74 i X A/ A 27\ ] Y / '\
tss| | |
tSH - :
RoOR YR Y e X
. .tss :
“Note2 “Note2,3 “Note2.3 “Note23 “Noted | “Note2
BA1, BAO :XBS EED X'Bs X XBs \BsY X BS Y
A10/AP :X Ra X \'Notes/ \-Nma / \-umés “Noted / : X Rb X
ba 1SAC——- “fe tsH E
{{:’ aa { Db | {Qac)
tstz ol o J . tss i
we ] 0\ / 0\ N\ DT T\ / / o\
fss |
tss SH

pam : \ |/

Row Active Read

Write Read Row Active

Precharge

|:| :Don't Care

Elite Semiconductor Memory Technology Inc.
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Note : 1. All input expect CKE & DQM can be don’t care when CS is high at the CLK high going edge.

2. Bank active @ read/write are controlled by BAO, BA1.

BAO BA1 Active & Read/Write
0 0 Bank A
0 1 Bank B
1 0 Bank C
1 1 Bank D

3. Enable and disable auto precharge function are controlled by A10/AP in read/write command

A10/AP BAO BA1 Operating

0 0 Disable auto precharge, leave A bank active at end of burst.

0 0 1 Disable auto precharge, leave B bank active at end of burst.
1 0 Disable auto precharge, leave C bank active at end of burst.
1 1 Disable auto precharge, leave D bank active at end of burst.
0 0 Enable auto precharge , precharge bank A at end of burst.

1 0 1 Enable auto precharge , precharge bank B at end of burst.
1 0 Enable auto precharge , precharge bank C at end of burst.
1 1 Enable auto precharge , precharge bank D at end of burst.

4. A10/AP and BAO, BA1 control bank precharge when precharge is asserted.

A10/AP BAO BA1 Precharge
0 0 0 Bank A
0 0 1 Bank B
0 1 0 Bank C
0 1 1 Bank D
1 X X All Banks

Elite Semiconductor Memory Technology Inc.

Publication Date: May 2008

Revision: 3.3
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Power Up Sequence

I
CLOCK
I

CKE | High level is necessary
I I I I I

oS ANV e Vo i Vs s nna Va0

! tRFC } } } ! L trFc
I I

mi%i//‘//‘///ﬁ%/j//f/ g////yx ////k%//%?/%i/k/k/

mﬁ \//////% //‘/// g////% //‘//‘/ 2@//‘//% //// V//‘//‘/

ADDR% ////////////Sg///////////g ////%(KGY)W//%(R“)V////

///////////// ég//////////// {///// ?//////A;////‘/

////////////gg//////////g . | 7, g

% W///////// g////// //////gg/://%?///%%ax/////j/

\
\
! ngh z
paQ | ‘ |

v 7 [T Y T, | T

: I I I I I I I I I I | | | | I I I I I I
| | | | | | | | | | | ! ! | ! | | | : 1 :

DaQM \ T T T T T T T T \ ‘ ‘ ‘ ‘ ‘ ‘ ‘
Q ! High level is necessary | ' ' ! ! | | | | | | o\ } j
| | | | | | | | | | | | | | | | | | | | |
| | ! | ! ! ! | | | | | ! | ! | | | ! | |

Precharge Auto i’efresh Auto iefresh Mode Register Set
(All Banks) Row Active
(A-Bank)

: Don't care

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
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Read & Write Cycle at Same Bank @ Burst Length = 4

0 1 12 '3 4 ' 5 ' 6 7 ' 8 9 110 11 112 13 14 15 116 17 118 19 |
1, Iy 1, 1, 1, I I I 1, 1, 1, 1, 1, 1, 1, Iy 1, Iy 1,

RS e g U W e
*% %////4 V/////WA //j//i/%i//f//j/% V////////% ///

Ntz}
\

m&\v \\\\\\ /\\\\\\w‘\\\\‘\\v\\‘\\\‘\\\ /\\\\\\\w \\\\
NCOREE
%Ra W // °a°><7/// // ////////wb y/// //%(W// // // // // //

BAO %‘/////f/x /////////A V////% V//////A ////////M ///

BA1 % %///%\ ///%////A //////%\ %///% /////////%/x //%/

A10/AP %(Ra)(//////A //////////A &\\\\\\X%X// ////A %// //////////A V/

\ \ \ ‘—tOH \ \ \ \ \ \ \ \ I
\ I \ \ I \ T I I I I I \ I I
I I I I I I I I I I I I

cL =2 ; ; ; ; ; QaO)kQEHXQaZXQa\’S\‘ : ; : ; \QbOXQb1XQb2XQb3>—f;—}
I I I I I I [l I I [l [l [l [l I I I
| | | | | .l -—tSAC \ \ — tSHZ N ted | | | | |
pa : A N A R I T I T L
I I I I I I I I I I | ! ! ! I I I

cL =3 ! 1 1 1 ; 1 1 QaO}ka 2 3 —‘—‘—P(Qbo Qb1 YQb2 Qb3>—}—$—$—
I I I I I I I XQa XQa > I I X X X I I
L e »:—ASHZ e | 1 ‘ tR‘DL o

WE _/ V///// W////% %////% \\\\\\ V//////////x //

Dam //////x: o EV/////V////////%A . ‘/\\\\\\\\\
T T | I T T
Row Active Read Precharge Row Active Write Precharge
( A-Bank) (A-Bank) (A-Bank) (A-Bank) (A-Bank) (A - Bank)
m :Don't Care
*Note : 1. Minimum row cycle times is required to complete internal DRAM operation.
2. Row precharge can interrupt burst on any cycle. [CAS Latency-1] number of valid output data is
available after Row precharge. Last valid output will be Hi-Z (tsHz) after the clock.
3. Output will be Hi-Z after the end of burst. (1,2,4,8 & Full page bit burst)
Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
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ESMT

=4

Page Read & Write Cycle at Same Bank @ Burst Length

2
X ce V‘%Cd X

A10/AP

DQ

w
DQM

“““ —
% W\ er
™ © ©
\\\\\\ oF-—--—e— €cm
o C.
z [0}
% ’ ol
~
N\ z
[=
2 a
---------1--—Enm
% =<
AN z
[
2 ®
\\\\\\\\\\\\\ £ m
% ®<
S
=z
) <
T ®©
.‘mn.n
/4 <
V z
T ©
g9
N % <
V ° ~
= x
T <
<3
s -
o
% @2

:Don'tCare

Note : 1. To Write data before burst read ends. DQM should be asserted three cycle prior to write command to avoid

bus contention.
2. Row precharge will interrupt writing. Last data input , troL before row precharge , will be written.

3. DQM should mask invalid input data on precharge command cycle when asserting precharge before

end of burst. Input data after Row precharge cycle will be masked internally.

Publication Date: May 2008

Revision: 3.3
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Page Read Cycle at Different Bank @ Burst Length = 4

=y N Y SR % ///A ////A %///////////
mw §\§/§\§ m \__/\/
oxs % % LJ u w L_/

Mma%mxcsb/ /W // // // // // //

% m //// L §/§ A ///// Y///// V///////////

@ ///4 ///%/\m \//// ///4 W//////

A10/AP @(RAaWMRBbX //////XRCCX ‘ : V///%/\ . %/////x ‘ ///////%////

CL=2
DQ
CL=3
WE
I I I I | | | | I I I I I I I | | I | I
I I I I I I I I I I I I I I I I | I I I
| | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I
pam 5 &+ & 4 7707777
| | | | | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | ! ! ! ! !
I I I I I I I I I I I I I I I ‘T
T I | T I | T | T | | r \ |
Row Active Read Read Read Read Precharge
(A-Bank) (A-Bank) (B-Bank) (C-Bank) (D-Bank) (D-Bank)
Row Active Precharge
Row Active Row Active (D-Bank) (C-Bank)
(B-Bank) (C-Bank)
Precharge Precharge
(A-Bank) (B-Bank)
%:Don’tCare

Note: 1. CS can be don’t cared when RAS, CAS and WE are high at the clock high going edge.
2. To interrupt a burst read by row precharge, both the read and the precharge banks must be the same.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
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Page Write Cycle at Different Bank @ Burst Length = 4

CLOCK

CKE

I I

HIGH —
. I
I

ﬁP\/_\

Nt2

m% %/% / Y///////// \_ ///%\ / W W///////A W/%/

CTS%W /////%%\/V///\///% ////////4 K//////

ADDR %(R“)(V///A(R%XC”X// // /////XCBL’XRCC)V/MRWXC“X//%(CD“W// // // // //

% m\ ‘////////A‘/‘W///‘ W W///////////

BA‘%\‘///‘\ ///////% \ //// \_ VM KV////////////

At0/AP %(R“W/%(R“X /// // ////x /(RCCW//)- /////\ ///%/ /// W //

\ \
\ I \ I
I I I I
pa . ; ; ; hAaOXDAmXDAaz)M(DBboBb2XDBb3)(:)cC0XDCc1XDDdo)QDMW—A—A—A—
I I I I
. | Tteor RBL
|

W% V//J \ prIn. | /3\///%3\ //////\ ////////A /////

N 1

| l l 1 1 | | | l | 1 1 te ‘
/////% SN S S S N S Y W////
| x | P |
Row Active Write Write Row Active Write Precharge
( A-Bank) (A-Bank) (B-Bank) (D-Bank) (D-Bank) (AllBanks)
Row Active Row Active Write
(B-Bank) (C-Bank) (C-Bank)
: Don't care

*Note : 1. To interrupt burst write by Row precharge , DQM should be asserted to mask invalid input data.
2. To interrupt burst write by Row precharge , both the write and the precharge banks must be the same.
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Read & Write Cycle at Different Bank @ Burst Length = 4

U
- B

|
| : I : I I I I
| | L L I I | L L L | |
cL=2 . ; } } } —{QAaofQAatQAa2(QAasy———{DDbO(Ddb D Db2(DDd3H— !
I | I T T T T | | 1 | |
| | | |
| I

I I I T I
DQ | | | | | | | | | | | | | | | | | |
I I I I I I I I I I | I I I I I I I I
I I I I I I I I I I I I I I I I I I I I I
CL =3 I I I I I I I / I I I I
: : : : : : : \QAaOXQAa1XQAa2XQAa3>—:—<DDboXDdb1XDDb2XDDd3 : : —{QBc0}aBet
| | | | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I I I I I I I I
I I I I I I I I I I I I I I
‘ ‘ ‘ ‘ ‘ ‘ ‘ | ; | : : ‘ ‘
v 7 QOO COh L R/
} I T I T I T T T T T I T T I T I I
| | | | | | | | | | | | | | | | | | |
I I I I I I I I I I I I
I I I I I I I I | I I I I I I I
DQM l A\ | | W 7\ | | | | | | | |
I I I I I I I I
I I I I I I I I
Row Active Read Precharge Write Read
(A-Bank) (A-Bank) (A-Bank) (D-Bank) (B-Bank)
Row Active Row Active
(D-Bank) (B-Bank)

:Don'tCare

N\
\

*Note : 1. tcoL should be met to complete write.
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=4

Read & Write cycle with Auto Precharge @ Burst Length

sy
e
2
%(CLW

A10/AP %( Ra )V

Y N (S

Read with
Auto Precharge

Row Active
( A-Bank)

Auto Precharge

Start Point
(D-Bank)

Auto Precharge
(D-Bank)

\\\\\\\\\\\\\\\\\\\\\

(A-Bank)

Auto Precharge
Start Point

Row Active
(D-Bank)

m :Don't Care

1. tcoL should be controlled to meet minimum tras before internal precharge start.

*Note :

(In the case of Burst Length = 1 & 2)

Publication Date: May 2008
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Clock Suspension & DQM Operation Cycle @ CAS Letency = 2, Burst Length =4

CLOCK

! | | | | | | |

! | | | | | | |

! | | | | | | |

T t t t T | T

cKE. L T/
! | | | | | |

l l | l

m% /%W

7%

CTS% V%\V

Z8B7

ADDR %Ray%m‘y

2

BAO% V%\ /

27

BM% V//A /

7
2
m
2
:

D 17

%\3/

A10/AP %(Ra W% /

3

\ | | | | | | | | | !
! | | | | |
; ; . — WY
DQ ‘ : : : —(Qao0)Qal)Y Qa2 Y Qa3
l | | 1 |
tsHz |
l

NN N 8N c

I I
i /QbOXQb1 ‘1

’XV/%(X///;W//F—

SHZ :

//A %

we 77 T

7

oo ZZ7 7
! 11T1111‘

Row Active Read Clock
Supension

*Note : 1. DQM is needed to prevent bus contention

Read DQM

§\f/ \ // V/
! ! ﬁ ! ! T

Write
Clock
Suspension

m :Don't Care

Elite Semiconductor Memory Technology Inc.
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Full page

Read interrupted by Precharge Command & Read Burst Stop Cycle @ Burst Length

%CAbW

%(cm)(%/

ADDR ‘@(RAQW
)

A10/AP

DQ

N[0
Qo
\\\\\\\\\\\ P S I __
]
- o =3
o e}
- b2 RN \\\ __
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Q Ko}
R - S— M \\\\\\\\\\\\\\\\\
c
59 R \%
Qo o
R -] E—— p-2) S \\\ IS
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a e
R - —— p-3 B N\ I
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=
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e I e N\
c
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©
\\\\\\\\\\\ S
)
>
-~ [ o)
© © /
o m \\\\\ mn N N\ I P
=N
© ©
\\\\\ D
c g
= = %
© ©
\\\\\ ) F ) S )
e} ¢}
=~ >
© ©
\\\\\ Sl 8- SR
) <}
~
=
\\\\\ © — e - - == RN S
<
o/
N © 7E s
N a = g
3 o a

Precharge

Burst Stop

Read

Row Active
(A-Bank)

(A-Bank)

(A-Bank)

m :Don't Care

1. About the valid DQs after burst stop, it is same as the case of RAS interrupt.

*Note :

Both cases are illustrated above timing diagram. See the label 1,2 on them.

But at burst write, Burst stop and RAS interrupt should be compared carefully.
Refer the timing diagram of “Full page write burst stop cycles”.

2. Burst stop is valid at every burst length.
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Write interrupted by Precharge Command & Write Burst Stop Cycle @ Burst Length = Full page

CLOCK

CKE

| |
—HIGH
I

I

U

m% ////// V//////////// ‘W/// ‘(V///////////% V////

m% V//M ////////// V%//A ///////////////4 V/%/

ADDR %(RAa)V// /Wa// //// // // /W/ // // // // // // // //

BA

o

% ///////A /////V//V//////%x //////////%/////A /////

BA

N

% ///////A ////////////////% /////////////%\ ////%

AtoIAP //% ///////////////A ///////%//////A /////

tBDL i | ‘ ‘tRDL : !
\ : \ \ N te1 \
‘ \ | |
: ‘ L 7
DQ i : : ‘ DAaoXDAa1XDAa2XDAa3 DAbOYDAbYDAbYDALIYDAL4YDADS / |
\ : : : \ \ \ \ \ \ \ \ \
‘

m|

™ W/%%%aﬂ%?%%%%%%%%

bam /////////%x: IR/ N/ ///
T T I T 1
Row Active Write Burst Stop Write Precharge
(A-Bank) (A-Bank) (A-Bank) (A-Bank)

m :Don't Care

*Note : 1. Data-in at the cycle of interrupted by precharge can not be written into the corresponding memory cell. It is defined by
AC parameter of troL.
DQM at write interrupted by precharge command is needed to prevent invalid write.
DQM should mask invalid input data on precharge command cycle when asserting precharge before end of burst. Input
data after Row precharge cycle will be masked internally.
2. Burst stop is valid at every burst length.
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2, Burst Length

Active/Precharge Power Down Mode @ CAS Latency
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w o (@) ADn o o W [a)
© <

Power-down

Power-Down

Exit

Active
Power-down

Exit

Entry

Don't care

V&

1. Both banks should be in idle state prior to entering precharge power down mode.
2. CKE should be set high at least 1CLK + tss prior to Row active command.

3. Can not violate minimum refresh specification. (64ms)

*Note:
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Self Refresh Entry & Exit Cycle

1 3 4 5 6 7 8 9 10 1 12
/’\_/’\_/ V/// 7707775 //////////mssf
N‘“ ez } ! No !q“ i i tRecmin

*No xé1

| | | I i | |
I I | I I
CKE I I \ I I I I N \3
o t L et
I I I I I \ \ \
! ! SS\ ! !

o5 7 72 ///////////g/////////////// Sﬂ LJ

RT //A ///////%//////////////@//A /////////

m?%%WVW%%//////@%%WW%W

O L L U

.

o T

oYY N S P S S S S S S S
T T T

we ] U T O

O s o s i e s s i

Self Refresh Entry Self Refresh Exit Auto Refresh

\

//A : Don't care

*Note : TO ENTER SELF REFRESH MODE

1. CS, RAS & CAS with CKE should be low at the same clock cycle.
2. After 1 clock cycle, all the inputs including the system clock can be don’t care except for CKE.
3. The device remains in self refresh mode as long as CKE stays “Low”.
cf.) Once the device enters self refresh mode, minimum tras is required before exit from self refresh.

TO EXIT SELF REFRESH MODE

4. System clock restart and be stable before returning CKE high.

5. CS starts from high.

6. Minimum trrc is required after CKE going high to complete self refresh exit.

7. Burst auto refresh is required before self refresh entry and after self refresh exit if the
system uses burst refresh.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
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Auto Refresh Cycle

Mode Register Set Cycle
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Command

w :Don't Care

All banks precharge should be completed before Mode Register Set cycle and auto refresh cycle.

CS, RAS, CAS, & WE activation at the same clock cycle with address key will set internal

mode register.

MODE REGISTER SET CYCLE

1.

*Note :

2. Minimum 2 clock cycles should be met before new RAS activation.

3. Please refer to Mode Register Set table.
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PACKING DIMENSIONS
54-LEAD TSOP(Il) SDRAM (400mil) (1:3)

[-H- SEE
D A _DETAILA
54 28 _ Ez 021 %F —
OIN00NN00ANOANONNO0ANAANANNN L ™ 5
0.665 REF // 4—‘
A I I \\\gjjﬁ §9
PIN1 B E eI 451 \f
IDENTIFIER
& L
TOO0UO000000000000000000000_————_ 1§ DETAIL "A"
1 27 —_—
o
T
Cc C1E
. b
\SEATING PLANE
- SECTION B-B
Symbol | Dimension in mm | Dimension in inch
Min |Norm| Max | Min |Norm | Max
A — — 120 —| —0.047
A1 0.05 | 0.10 | 0.15 |0.002]0.004|0.006
A2 0.95 | 1.00 | 1.05 |0.0370.039|0.041
b 0.25| —0.45/0.010f —|0.018
b1 0.25 | 0.35 | 0.40 |0.010]0.014|0.016
c 012 | — 0.21 |0.005| —|0.008
c1 0.10 |0.127| 0.16 |0.004]0.005|0.006
D 22.22 BSC 0.875 BSC
E 11.76 BSC 0.463 BSC
E1 10.16 BSC 0.400 BSC
L 0.40 | 0.50 | 0.60 [0.016]0.020[0.024
L1 0.80 REF 0.031 REF
e 0.80 BSC 0.031 BSC
© o | —[10] 0 | —] 10
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PACKING DIMENSIONS
54-BALL SDRAM ( 8x8 mm )
D
PIN #1
(o
)
) U
SOLDER BALL
=
SEATING PLANE
DETAIL : "A”
-
"
\
D1 D
b0 0o \ ,
o O O o O O Q Q
O 00 000 PIN #1 )
o O O o O O \ ‘
o O O o O O -
/O\OO o O O
PIN #1 o O O o O O DETAIL : "B”
4% ‘o 00 0 04
/\/
g
Symbol Dimension in mm Dimension in inch
Min Norm Max Min Norm Max
A — — 1.00 — — 0.039
A, 0.20 0.25 0.30 0.008 | 0.010 | 0.012
A, 0.61 0.66 0.71 0.024 | 0.026 | 0.028
(0 0.30 0.35 0.40 0.012 | 0.014 | 0.016
D 7.90 8.00 8.10 0.311 0.315 | 0.319
E 7.90 8.00 8.10 0.311 0.315 | 0.319
D, — 6.40 — — 0.252 —
E, — 6.40 — — 0.252 —
e — 0.80 — — 0.031 —

Controlling dimension : Millimeter.
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Important Notice
All rights reserved.

No part of this document may be reproduced or duplicated in any form or by
any means without the prior permission of ESMT.

The contents contained in this document are believed to be accurate at the
time of publication. ESMT assumes no responsibility for any error in this
document, and reserves the right to change the products or specification in
this document without notice.

The information contained herein is presented only as a guide or examples
for the application of our products. No responsibility is assumed by ESMT for
any infringement of patents, copyrights, or other intellectual property rights of
third parties which may result from its use. No license, either express ,
implied or otherwise, is granted under any patents, copyrights or other
intellectual property rights of ESMT or others.

Any semiconductor devices may have inherently a certain rate of failure. To
minimize risks associated with customer's application, adequate design and
operating safeguards against injury, damage, or loss from such failure,
should be provided by the customer when making application designs.

ESMT's products are not authorized for use in critical applications such as,
but not limited to, life support devices or system, where failure or abnormal
operation may directly affect human lives or cause physical injury or property
damage. If products described here are to be used for such kinds of
application, purchaser must do its own quality assurance testing appropriate
to such applications.

Elite Semiconductor Memory Technology Inc. Publication Date: May 2008
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2. Reference Information

2-1 Component Descriptions
2-1-1 DVD SONY HM-313 PUH

Connector Pin Definition

6 Pin connector

Terminal of FPC connector for OP

Fin No Name
1 FCS-
2 FCS+
3 TREA+
4 TRE-
5 C/e
6 D/d
7 MSW
8 RF
9 Ala
10 B/b
11 F
12 GND
13 Ve
14 Vee
15 E
16 N/C
17 CD VR
18 DVD VR
19 CD LD
20 FD
21 N/C
22 N/C
23 DVD LD
24 LD GND
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ABSOLUTE MAXIMUM

RATINGS

Parameter

Symbol

Rating

Unit

Ambient Temperature

TA

°C

Storage Temperature

TSTG

-65~125

°C

Voltage on Any Pin relative to VSS

VIN, VOUT

-1.0~4.6

Voltage on VDD relative to VSS

VDD, VDDQ

-1.0~4.6

Short Circuit Output Current

lIos

50

mA

Power Dissipation

PD

1

Soldering Temperature [TTime

TSOLDER

260 10

°C [(Bec

Note : Operation at above absolute maximum rating can adversely affect device reliability

DC OPERATING CONDITION (ta=0to 70°C)

Parameter

Symbol Min

Typ.

Max

Unit

Note

Power Supply Voltage VDD, VDDQ

3.0

3.3

3.6

1,2

Input High Voltage VIH

2.0

3.0

VDDQ + 2.0

1,3

Input Low Voltage

VIL

VssQ - 2.0

0.8

1,4

Note :

1.All voltages are referenced to VSS =

oV

2.VDD(min) of HY57V641620HG(L)T-5/55/6 is 3.135V
3.VIH (max) is acceptable 5.6V AC pulse width with <3ns of duration
4.VIL (min) is acceptable -2.0V AC pulse width with <3ns of duration

AC OPERATING CONDITION (1A=0 to 70°C, VDD=3.3 + 0.3VN°te2 ys5=0V/)

Parameter

Symbol

Value

Unit

Note

AC Input High / Low Level Voltage

VIH / VIL

2.4/0.4

Input Timing Measurement Reference Level Voltage

Vtrip

1.4

Input Rise / Fall Time

tR/tF

1

ns

Output Timing Measurement Reference Level

Voutref

1.4

Output Load Capacitance for Access Time Measurement

CL

50

pF

Note :

1. Output load to measure access time is equivalent to two TTL gates and one capacitor (50pF)
For details, refer to AC/DC output circuit
2.VDD(min) of HY57V641620HG(L)T-5/55/6 is 3.135V
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3. Product S pecifications

Power supply

AC ~230V/50Hz

Power consumption 105w
Working Temperature -10~+40TC
environment | Relative humidity 5%~90%
TV System PAL/NTSC
Frequency Reponse +1.5dB(20Hz~20KHZz)
Disc output | S/N(A weight) >80dB(1KHz)
Dynamic Range =70dB(1KHz)

THD+NOISE

< - 60dB(1KHz)

AM frequency Range
Tuner qu y 9

/

FM band Range

64MHz ~108MHz

Power output (Max)

15WX5+30W

Frequency response

+ 1.5dB(20Hz~20KHz)
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4. Upgrading System and Changing the Region
Code

MTK upgrade:

1. Name upgrade file as "MTK.BIN"(must be in big caps)

2. Record it in a CD-R/W (It can be enclosed a sub-directory which size is about 30M, and the file content can
be letter or non used file.)
disc Format: (advise to use the tool NERO burning ROM)
Disc volume: MEDIATEK, 1SO9660 LEVEL1, MODE1, not JOILET.

3. Put the recorded disc into the DVD player, on the TV will show "upgrade?" after loading. Press PLAY button,
the player will automatically upgrade.

4. Do not shut down the player during upgrade, it will restart automatically after upgrade.

5. Upgrade finish!

How to change the region code:
1. Power on the machine, and press OPEN button to push the tray out.
2.Press "1.3.6.9" buttons,the TV display “XXXX”, you can change the region code to 0-6 with 0-6 button,

the number 0 means REGION FREE.

-22 -



5. Operating Instruction

Please refer to the User’s Manual for the operating instruction

of the system.
Maintenance & Troubleshooting

How to handle discs

To handle, clean and protect discs
e Do not touch the playing side of a disc

Playing side

e Do not stick any paper or glue strip on a

disc.
D
C&D

How to clean discs

e Finger prints and dust on surface can
affect the sound and picture quality.
Clean discs regularly with a soft cotton
cloth from disc center to outside.

& G

o For sticky dust, wipe it with wet cloth and
with dry cloth, Any kind of solvent, such
as diluting agent, gasoline, liquid
detergent, gasoline liquid detergent anti
— static aerosol used for vinylon LP, may
cause disc damage.

How to protect discs

e Keep away from the direct sunshine or
any heat source.

e Do not put discs in damp or dirty places,
such as bathroom or near humidifiers.
Store discs vertically in disc box and
store in a dry place. Piling discs on to top
of each other or excess weight load on
disc box may cause the disc to warp.

Disc Compatibility
e Some DVD discs may have special
requirements for playing, with which this player
may not be compatible. Please refer to
specifications on individual disc.

DISC
TYPE

Content | Size Total Play time

About 2hrs.
(Single side & single
layer)

About 4hrs.
(Single side & double
AUDIO/

DVD 12cm [aven)

VIDEO About 4hrs.
(Double side & Single
layer)

About 8hrs.
(Double side & double
layer)

CD-DA | AUDIO 12CM | About 74 minutes

MP3 AUDIO 12CM | About 300 minutes

Discs types

This DVD player can play the following types of
discs: Discs other than listed above cannot be
player by this player.

This player uses NTSC/PAL color system. It cannot
gll?é Aj'i\ﬁcs recorded with other systems, such as

Region code

When play the region disc with player unconf
-ormity,the screen display "WRONG REGION",
you can change the region code,please referr
-ence the "How to change the region code".

Copyright

According to the related law, DVD discs without
proper authorization are not allowed to be copied
broadcast cable broadcast, played publicly or
rented. As DVD discs are anti-piracy the copied
content is distorted.

TV system

Connect this player to a PAL/NTSC compatible TV.
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6.Problems and Solutions

If a fault occurs, first check the points listed below before taking the set for repair.
If you are unable to remedy a problem by
dealer or service centre.

WARNING: Under no circumstances s

following these hints, consult your

guarantee.
Problems Cause hould you try to repair the set yourself, as this w@stitionglidate the
_No_ power | o er plug not connected Plug the power cord into the power supply
indication
TV has not been set to the | Set correct TV video input format for receiving
No picture correct video input the player’s output signals.
Video cable not firmly Firmly insert the video cable ends to the
connected. related terminals.
Audio cable not connected Firmly insert the audio cable ends to the
tightly related terminals.
No sound Zi?fwer of audio apparatus is Turn on the power of audio apparatus.
Audio output setting is Setup audio output correctly via the setup
incorrect menu.
Picture Disc is di Take out the disc and clean.
. i isc is dirty
distortion
Fast forward/backward is The picture may be distorted during fast
activated forward /backward playback.
Brightness Connect the player directly to TV.

unstable or
noisy

Affected by anti-piracy circuit

No disc

Load a disc.

Disc not compatible

Load a compatible disc (Check the disc format
and its colour system).

The disc is placed upside | Load a compatible disc (Check the disc format
The player d dit I t
does not |_down_ _ and its colour sys em).
work The disc not put in the tray Check disc is put in correctly.

correctly

Disc is dirty

Clean the disc.

Player setting are incorrect

Change the setting via the setup menu.

Parental lock is in effect

Disable this function or reset the rating level.

No response
to key press

Interference of power wave or
other factors such as static
interference

Turn off the main switch or pull out the power
plug, plug it in and turn on the power again.

Remote The remote control not | Pointthe remote control at the remote sensor.
control does pointed at the remote sensor
not work on the front panel of the

player

The remote control is out of
specified range

Make sure the remote control range within 7
meters to the remote sensor.

Battery power exhausted

Replace with new batteries.

Note:

This produce incorporates copyright protection technology that is protected by method claims of certain of
certain U.S. patent and other intellectual Property rights owned by Macrovision Corporation and other rights
owners. Use of this copyright protection technology must be authorized by Macrovision Corporation and is
intended for home and other limited viewing users only, unless otherwise authorized by Macrovision
Corporation. Reverse engineering or disassembly is prohibited.
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