RENESAS

ICS9161A

Dual Programmable Graphics Frequency Generator

General Description

The ICS9161A is a fully programmable graphics clock
generator. It can generate user-specified clock
frequencies using an externally generated input
reference or a single crystal. The output frequency is
programmed by entering a 24-bit digital word through
the serial port. Two fully user-programmable phase-
locked loops are offered in a single package. One PLL
is designed to drive the memory clock, while the
second drives the video clock. The outputs may be

Features

*  Pin-for-pin and function compatible with ICD2061A

e Dual programmable graphics clock generator

* Memory and video clocks are individually
programmable on-the-fly

* |deal for designs where multiple or varying
frequencies are required
Increased frequency resolution from optional pre-
divide by 2 on the M counter

changed on-the-fly to any desired frequency between * Output enable feature available for tristating outputs
390 kHz and 120 MHz. The ICS9161A is ideally suited ~ *  Independent clock outputs range from 390 kHz to
for any design where multiple or varying frequencies 120 MHz for VDD >4.75V
are required. *  Power-down capabilities
. o ) o * Low power, high speed 0.8y CMOS technology
This part is ideal for graphics applications. It generates «  Glitch-free transitions
low jitter, high speed pixel clocks. Itcanbe usedtoreplace ,  Ayajilable in 16-pin, 300-mil SOIC or PDIP package
multiple, expensive high speed crystal oscillators. The ’
flexibility of the device allows it to generate non-standard
graphics clocks.
The ICS9161A is also ideal in disk drives. It can generate
zone clocks for constant density recording schemes. The low
profile, 16-pin SOIC or PDIP package and low jitter outputs
are especially attractive in board space critical disk drives.
The leaderin the area of multiple output clocks on a single
chip, ICS has been shipping graphics frequency generators
since October, 1990, and is constantly improving the
phase-locked loop.The ICS9161A incorporates a patented
fourth generation PLL that offers the best jitter performance
available.
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Pin Configuration

SELO-CLK —] 1 —~ 16 }— PD#
SEL1-DATA —f 2 15 f=— EXTSEL
VDD — 3 ! 14 f— INIT1
[{e]
OE — 4 & 13 f— VDD
7]
GND —{ 5 9] 12 b= INITO
X1 — 6 11 = EXTCLK
X2 = 7 10 j— ERROUT#
MCLK =—] 8 9 |— vCLK

16-Pin 300- mil SOIC or PDIP

Pin Descriptions

PIN NUMBER PIN NAME TYPE DESCRIPTION
1 SELO-CLK IN glcc))gl(;iap:;timsﬁr;alllpzﬁig?&r?;n%mgfje. Clock select pin in operating
2 SEL1-DATA IN ai?ei.ngzgiir:ﬂsei::: EL?E;?)TV:\itr;an:\loge. Clock select pin in operating
AVDD PWR Power.
4 OE IN Tristates outputs when low. Has internal pull-up to VDD.
GND PWR Ground.
6 X1 IN erstal input. This input includes XTAL load capacitance and feedback
bias for the crystal.
X2 ouT Crystal output which includes internal XTAL load capacitance.
MCLK ouT Memory clock output.
9 VCLK ouT Video clock output.
10 ERROUT# ouT Output low signals an error in the serially programmed word.
11 EXTCLK IN External clock input. Has internal pull-up to VDD.
12 INITO IN Selects initial power-up conditions, LSB. Has internal pull-down to GND.
13 VDD PWR Power.
14 INITH IN Selects initial power-up conditions, MSB. Has internal pull-down to GND.
15 EXTSEL IN fgl;cts;sternal clock input (EXTCLK) as VCLK output. Has internal pull-
16 PD# IN Power-down pin, active low. Has internal pull-up to VDD.
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Register Definitions
The register file consists of the following six registers:

Register Addressing

(':\dzd_re:g) Register Definition
000 REGO Video Clock Register 1
001 REGH1 Video Clock Register 2
010 REG2 Video Clock Register 3
011 MREG Memory Register
100 PWRDWN Divisor for Power-down mode
110 CNTL REG | Control Register

As seen in the VCLK Selection table, OE acts to tristate
the output. The PD# pin forces the VCLK signal high while
powering down the part. The EXTCLK pin will only be
multiplexed in when EXTSEL and SELO are logic 0 and
SEL1 is a logic 1.

The memory clock outputs are controlled by PD# and
OE as follows:

MCLK Selection
OE PD# MCLK
0 X Tristate
1 1 MREG
1 0 PWRDWN

The ICS9161A places the three video clock registers and
the memory clock register in a known state upon power-
up. The registers are initialized based on the state of the
INIT1 and INITO pins at application of power to the device.
The INIT pins must ramp up with VDD if a logical 1 on either
pinis required. These input pins are internally pulled down
and will default to a logical 0 if left unconnected.

The registers are initialized as follows:

Register Initialization

INIT1 INITO | MREG | REGO | REG1 | REG2
0 0 32.500 | 25.175 | 28.322 | 28.322
0 1 40.000 | 25.175 | 28.322 | 28.322
1 0 50.350 | 40.000 | 28.322 | 28.322
1 1 56.644 | 40.000 | 50.350 | 50.350

Register Selection

When the ICS9161A is operating, the video clock output
is controlled with a combination of the SELO, SEL1, PD#
and OE pins. The video clock is also multiplexed to an
external clock (EXTCLK) which can be selected with the
EXTSEL pin.The VCLK Selection Table shows how VCLK
is selected.

VCLK Selection
OE | PD# EXTSEL SEL1 | SELO VCLK
0 X X X X Tristate
1 0 X X X Forced High
1 1 X 0 0 REGO
1 1 X 0 1 REG1
1 1 0 1 0 EXTCLK
1 1 1 1 X REG2
1 1 X 1 1 REG2

02101—03/21/05

The Clock Select pins SELO and SEL1 have two purposes.
In serial programming mode, these pins act as the clock
and data pins. New data bits come in on SEL1 and these
bits are clocked in by a signal on SELO. While these pins
are acquiring new information, the VCLK signal remains
unchanged.When SELO and SEL1 are acting as register
selects, atime-outintervalis required to determine whether
the useris selecting a new register or wants to program the
part. During this initial time-out, the VCLK signal remains
at its previous frequency. At the end of this time-out
interval, a new register is selected. A second time-out
interval is required to allow the VCO to settle to its new
value. During this period of time, typically 5ms, the input
reference signal is multiplexed to the VCLK signal.

When MCLK or the active VCLK register is being re-
programmed, then the reference signal is multiplexed
glitch-free to the output during the first time-out interval. A
second time-Register out interval is also required to allow
the VCO to settle. During this period, the reference signal
is multiplexed to the appropriate output signal.
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Control Register Definitions

The control register allows the user to adjust various internal options. The register is defined as follows:

Bit

Bit Name

Default Value

Description

21

C5

This bit determines which power-down mode the PD# pin will implement.
Power-down mode 1, C5=0, forces the MCLK signals to be a function of
the power-down register. Power-down mode 2, C5=1, turns off the crystal
and disables all outputs.

20

C4

This bit determines which clock is multiplexed to VCLK during frequency
changes. C4=0 multiplexes the reference frequency to the VCLK output.
C4=1 multiplexes MCLK to the VCLK output for applications where the
graphics controller cannot run as slow as f___

19

C3

This bit determines the length of the time-out interval. The time-out interval
is derived from the MCLK VCO. If this VCO is programmed to certain
extremes, the time-out interval may be too short. C3=0, normal time-out.
C3=1, doubled time-out interval.

18

c2

Reserved, must be set to 0.

17

C1

This bit adjusts the duty cycle. C1=0 causes a 1ns decrease in output high
time. C1=1 causes no adjustment. If the load capacitance is high, the
adjustment can bring the duty cycle closer to 50%.

16

Co

Reserved, must be set to 0.

15

NS2

Acts on register 2. NS2=0 prescales the N counter by 2. NS2=1 prescales
the P counter value to 4.

14

NS1

Acts on register 1. NS1=0 prescales the N counter by 2. NS1=1 prescales
the P counter value to 4.

13

NSO

Acts on register 0. NS1=0 prescales the N counter by 2. NSO=1 prescales
the P counter value to 4.
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Serial Programming Architecture

The pins SELO and SEL1 perform the dual functions of
select-ing registers and serial programming. In serial
programming mode, SELO acts as a clock pin while SEL1
acts as the data pin. The ICS9161A-01 may not be serially
programmed when in power-down mode.

In order to program a particular register, an unlocking
sequence must occur. The unlocking sequence is detailed

in the following timing diagram:

SEL1-DATA
L/

PNSINSANSANSFNT A
SELO-CLK

The unlock sequence consists of at least five low-to-high
transitions of CLK while data is high, followed immediately
by a single low-to-high transition while data is low. Following
this unlock sequence, data can be loaded into the serial
data register. This programming must include the start bit,
shown in Figure 1.

Following any transition of CLK or DATA, the watchdog
timer is reset and begins counting. The watchdog timer
ensures that successive rising edges of CLK and DATA do
not violate the time-out specification of 2ms. If a time-out
occurs, the lock mechanism is reset and the data in the
serial data register is ignored.

Since the VCLK registers are selected by the SELO and
SEL1 pins, and since any change in their state may affect
the output frequency, new data input on the selection bits
is only permitted to pass through the decode logic after the
watchdog timer has timed out. This delay of SELO or SEL1
data permits a serial program cycle to occur without
affecting the current register selection.

Serial Data Register

The serial data is clocked into the serial data register in the
order described in Figure 1 below (Serial Data Timing).

The serial data is sent as follows: An individual data bit is
sampled on the rising edge of CLK.The complement of the
data bit must be sampled on the previous falling edge of
CLK.The setup and hold time requirements must be met
on both CLK edges. For specifics on timing, see the timing
diagrams on pages 10, 11 and 12.

The bits are shifted in this order: a start bit, 21 data bits,
3 address bits (which designate the desired register), and
a stop bit. A total of 24 bits must always be loaded into the
serial data register oran erroris issued. Following the entry
of the last data bit, a stop bit or load command is issued
by bringing DATA high and toggling CLK high-to-low and
low-to-high. The unlocking mechanism then resets itself
following the load. Only after a time-out period are the
SELO and SEL1 pins allowed to return to a register
selection function.

Data Bits

<

LSB
START]

STOP

BITsy 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 |22 23 24 | BITs
VCO Prog- InM'0 M'I M2 M'3 M'4 M'5 M'6 RO RI R2 N'0 N'1 N2 N'3 N4 N'5 N6 10 11 I2 I3 |JA0 Al A2 |vCO Prog-
Word Word
CNTLRegf 0 O O O 0 0 O O O O 0 0 PSOPSIPS2CO CI C2 C3 C4 C5]0 1 1 JCNTLReg
PWRDWNfO O O O O O 0 0 o0 o0 o0 0 O O O O O PO PL P2 P3|JO0 O 1 |PWRDWN
Reg Reg

> P
MSB|LSB MSB

Figure 1: Serial Data Timing
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The serial data register is exactly 24 bits long, enough to
accept the data being sent. The stop bit acts as a load
command that passes the contents of the Serial Data
Register into the register indicated by the three address
bits. If a stop bit is not received after the serial register is
full, and more data is sent, all data in the register is ignored
and an error issued. If correct data is received, then the
unlocking mechanism re-arms, all data in the serial data
register is ignored, and an error is issued.

ERROUT# Operation

Any error in programming the ICS9161A is signaled by
ERROUT#. When the pin goes low, an error has been
detected. It stays low until the next unlock sequence. The
signal is invoked for any of the following errors: incorrect
start bit, incorrect data encoding, incorrect length of data
word, and incorrect stop bit.

Programming the ICS9161A

The ICS9161A has a wide operating range, but it is
recommended that itis operated within the following limits:
4.75V<Vpp <5.25V Vpp supply voltage

1 MHz <FRerF <60 MHz Frer=Input Reference

Frequency

200 kHz <FRreF/M <5 MHz M=Reference divide 3
to 129

50 MHz < Fyco <120 MHz Fvco=VCO output
frequency

FcLk £ 120 MHz FcLk=output frequency

The frequency of the programmable oscillator FVCO is
determined by the following fields:

Field # of Bits
Index (1) 4
N counter value (N') 7
Mux (R) 3
M counter value (M') 7

Where the least significant bit is the last bit of M and the
most significant bit is the first bit of I.

02101—03/21/05

The equations used to determine the oscillator frequency
a r e :

N=N’+3 M=M’ + 2
Fvco=Prescale * N/M ® FRer
where 3<M<129and4<N<130
and prescale=2 or 4, as set in the control register
(Where N is the VCO divider & M is the reference
divider)

The value of Fyco must remain between 50 MHz and 120
MHz. As a result, for output frequencies below 50 MHz,
Fvco must be brought into range. To achieve this, an
output divisor is selected by setting the values of the Mux
Field (R) as follows:

Output Divisor
R Divisor
000 1
001 2
010 4
011 8
100 16
101 32
110 64
111 128

Unlike the ICD2061A, the ICS9161A’s VCO does not
require tuning to place itin certain ranges. The ICS9161A’s
VCO will operate from 50 MHz to 120 MHz without
adjusting the VCO gain. However, to maintain compatibility,
the | bits are programmed as in the ICD2061A.

These bits are dummy bits except for the following two
cases:

Index Field (I)
| VCLK F,, MCLK F,,
1110 Turn off VCLK 50 - 120 MHz
1111 Mux MCLK to VLCK 50 - 120 MHz

When the index field is setto 1111, VCLK is turned off and
both channels run from the same MCLKVCO. This is done
in an effort to reduce jitter, which may increase when
VCOs run at 2" multiples of one another. If the two outputs
have to be multiples of one another, itis best to mux MCLK
over to the output of the VCLKVCO and to power-down the
VCLK VCO. The multiplexed frequency will be divided
down by the correct divisor (M) and output on VCLK.
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Power Management Issues
Power-down mode 1

The ICS9161A contains a mechanism to reduce the
quiescent power when stand-by operation is desired.
Power-down mode 1 is invoked by polling PD# low and
having the proper CNTL register bit set to zero. In this
mode, VCOs are shut down, the VCLK output is forced
high, and the MCLK output is set to a user-defined low
frequency value to refresh dynamic RAM.

The power-down MCLK value is determined by the following
equation:

MCLKpp = Frer/(PWRDWN register divisor value)
The power-down register divisor is determined according

to the 4-bit word programmed into the PWRDWN register
(seetable below).

Power-Down Register Table

Power-down mode 2

When there is no need for any output during power-down,
an alternate mode is available which will completely shut
down all outputs and the reference oscillator, but still
preserves all register contents. Power-down mode 2 in
invoked by first programming the power-down bit in the
CNTL register and then pulling the PD# pin low.

The PD# pin

The PD# pin has a standard internal pull-up resistor during
normal operation. When the chip goes into power-down
mode 1 or 2, the normal pull-up resistor is dynamically
switched to a weak pull-up, which reduces power
consumption. If the PD# pin is allowed to float after it has
been pulled
down, the weak pull-up will bring the signal high and allow
the device to resume operation.

PWRDWN bits PWRDWN Power-down MCLKPD

P3 P2 P1 PO Register Value Divisor (foee=14.31818)
0 0 0 0 0 n/a n/a

0 0 0 1 1 32 447.4 kHz
0 0 1 0 2 30 477.3 kHz
0 0 1 1 3 28 511.4 kHz
0 1 0 0 4 26 550.7 kHz
0 1 0 1 5 24 596.6 kHz
0 1 1 0 6 22 650.8 kHz
0 1 1 1 7 20 715.9 kHz

1 0 0 0 8 (default) 18 795.5 kHz

1 0 0 1 9 16 894.9 kHz

1 0 1 0 A 14 1.02 MHz
1 0 1 1 B 12 1.19 MHz
1 1 0 0 C 10 1.43 MHz
1 1 0 1 D 8 1.79 MHz
1 1 1 0 E 6 2.39 MHz
1 1 1 1 F 4 3.58 MHz

02101—03/21/05
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Absolute Maximum Ratings

VDD referencedto GND ..........cooocueeiiiieieiiiiee e 7v

Operating temperature under bias (TOPER) -.-........... 0°Cto 70°C
Storagetemperature .........cococcoeiiiiiiniie e -40°Cto+150°C

Max. soldering temperature (10 sec) (TSOL) -vvee-en... +260°C

Voltage on I/O pins referenced to GND ................... GND -0.5V to VDD +0.5V
Junctiontemperature (Tj) .....ccoooveveieniienie e +125°C

Power dissipation ..o 0.35Watts

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the
device.This is a stress rating only and functional operation of the device at these or any other conditions
above those indicated in the operational sections of the specifications is not implied. Exposure to
absolute maximum rating conditions for extended periods may affect product reliability.

Electrical Characteristics at 5.0V
Vbp = +5V + 5%, 0°C < TamBienT < +70°C

DC Characteristics
PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX UNITS
High level input voltage Vi, 2.0 - - Vv
Low level input voltage \'A - - 0.8 \
High level CMOS output voltage’ Vou lop="4mA 3.84 - - \
Low level output voltage’ Voo I, =4mA - - 0.4 \Y
Input high current l, gg‘r;:n\éH=5-25V for pull- i i 100 uA
Input low current I V, =0V for pull-ups -250 - - MA
Output leakage current loz (tristate) -10 - 10 A
Power supply current loo 15 - 65 mA
Power supply current (typical) loprve @60 MHz - 35 - mA
Analog power supply current loo - - 20 mA
Power-down current (Mode 1) lops - 6 7.5 mA
Power-down current (Mode 2) lope - 25 50 LA
Input capacitance' (O - - 10 pF

Note
1: Parameter is guaranteed by design and characterization. Not 100% tested in production.

02101—03/21/05
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Electrical Characteristics at 5.0V (continued)

AC Characteristics

DESCRIPTION NAME SYMBOL MIN TYP MAX UNITS
. Reference
2
Reference oscillator value frequency foer 1 14.31818 60 MHz
V) - Reference period toer 16.6 69.8408 1000 ns
Duty cycle for the input oscillator o R o B
defined as t/t ., Input duty cycle t, 25% 75%
. Output clock 8.33 (120 } 2564 (390
Output oscillator values periods t, MHz) kHz) ns
Duty cycle for the output oscillators® | Output duty cycle t, 45% - 55% -
Rise time for the output oscillators I
into a 25pF load Rise times t, - - 3 ns
Fall time for the output oscillators into .
a 25pF load Fall times t - - 3 ns
Old frequency output freq1 output L - - - -
New frequency output freq2 output toeqe - - - -
Time clock output remains high while ’ :
output muxes to reference frequency frer Mux time K 0.5 toer 1.5t ns
Interval for serial programming and T
for VCO changes to settle* Time-out interval time-out 2 5 10 ms
Time clock output remains high while . }
output muxes to new frequency value freceMUXtime s 0.5 toer 1.5 toge ns

Time for the output oscillators to go
into tristate mode after OUTDIS- Tristate t - 25 - ns
signal assertion

Time for the output oscillators to
recover from tristate mode after CLK valid t - 12 - ns
OUTDIS-signal goes high

Time for power-down mode of

operation to take effect Power-down & - 25 - ns
Time for recovery from power-down Power-up t } 12 i ns
mode to a valid CLK 9

;WS&%M%;;‘;&&“ES;“H MCLKOUT high t, 0 - oo ns
E&'Sﬁt"f MCLK prior to fyq, signal at | 61 kouT delay t, 051, - 154, ns
Clock period of serial clock b 201, - 2 ms
Set-up time tsy 20 - - ns
Hold time to 10 - - ns
Load command toma 0 - t,+30 ns
Notes:

1. Parameter guaranteed by design and characterization. Not 100% tested in production.

2. For reference frequencies other than 14.81818 MHz, the pre-loaded ROM frequencies will shift proportionally.
3. Duty cycle is measured at CMOS threshold levels. At 5 volts, VTH=2.5 volts.

4. If the interval is too short, see the time-out interval section in the control register definition.

02101—03/21/05
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< tREF >
<€ t
XTAL IN / /
A 4
fREF
t4 —P
VCLK
MCLK
10% !

Rise and Fall Times

OuTDIS* \

—| 1 |— —>t, [

Tristated Output
VCLK | ‘ ‘ ‘ ‘ ‘ \
MCLK

Tristated Timing

02101—03/21/05

© 2019 Renesas Electronics Corporation
10



RRENESANS

|
Selection Recognition Time | VCO Settle Time : New Frequency State
SELO

SEL1 X i ;

ttimeout | ttimeout I

Internal I N I
Timeout |

e LML M L
N Iel sk ks

treq1 {REF tg treq2

SelectionTiming

I
| VCO Settle Time : New Frequency State
Stop
Bit | | |
| ttimeout |
(Internal I ﬂ N |
I

Timeout) \ S
VO M MLl L L
MCLK | |

ol ks le——k—| ksl

tfreq1 tA 'REF g tfreq2
Or tpcLK if bit set
in Control Register

MCLK and Active VCLK Register Programming Timing
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PD#—\) :
i
|
|
| | | | | | | | || forced high
VCLK |
|
|
|

MCLK —|_|—|_|—|_|—|_ : _—I—SS—l :

This is when VCLK directly
muxes to VCLK PLL

|
|
|
t9 | (may glitch)
|
|
|

tS\

UL

fycLk | —»| |<€—fyck!

|
€ho»| | €1

fmcLk oLk | | <

fPWRDWN
(value from PWRDWN register)
Dit takes 2-10 msec after soft

power-down to guarantee lock

of VCLK & MCLK PLLs

Soft Power-Down Timing (Mode 2)

Unlock Sequence Start Bit

I t I
1 Y et (R IR I I

Ty T T py g B |_|+|_|'+Ss stﬁ o

| | SN

|
I tsu tsu I I
|
1

| | |
1 Valid Data Sequence (24 bits) |Stop Bit)

tidemd (Internal
Load Register
Command)

02101—03/21/05

Serial Programming Timing
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General Layout Precautions:

1) Use a ground plane on the top layer
of the PCB in all areas not used by
traces.

2) Make all power traces and vias as
wide as possible to lower inductance.

Notes: ;gge—»

1) All clock outputs should have series
terminating resistor. Not shown in
all places to improve readibility of
diagram.

2) 47 ohm / 56pf RC termination
should be used on all over 50MHz
outputs.

3) Optional crystal load capacitors are
recommended.

vee —»

Capacitor Values:
C1, C2 : Crystal load values determined by user

C3 : 100pF ceramic
All unmarked capacitors are 0.01puF ceramic

Connections to VDD:

-D—H—(;HZI Best

{30 Okay
~—-5] o Avoid
=m0 Avoid

02101—03/21/05

o ]

10uF/25V
Tantalum

afl a2 [ [a] |=] [—
O =] [N || || [0 |O

A
o

@® = Ground Plane Connection
O = Power Plane Connection
[ ] = Solder Pads
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—»| 0.260 |«
¢ ‘4— 0.765 —)‘ —»|| 0325 |le

_T—“ 7 N %
0.130 4
t0.130

_" ‘0_11 —> <—0.360

0~5°—||€«— —»|<€0.010

0.060 —>|||| €

0.018 > || € 100

16-Pin PDIP Package

Ordering Information

ICS9161A-01CN16LF

Example:

ICS XXXX- PPP M X#WLF

Annealed Lead Free (Optional)

Lead Count & Package Width
Lead Count=1, 2 or 3 digits
W=.3" SOIC or.6” DIP; None=Standard Width

Package Type
N=DIP%PIast¥:

Pattern Number (2 or 3 digit number for parts with ROM code patterns, if applicable)
Device Type (consists of 3 or 4 digit numbers)

Prefix
ICS, AV=Standard Device

02101—03/21/05
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< L +.008 —

0.029
> 1 Typ. —>| 1€ 0.018

11T

T— [ ——

0.047R

0.296 + 0.005 ) 0.328 + 0.010
0.406 +0.010

i i .t

Pin 1
(/%5 Deg Typ.
0.020 5 Deg Typ 50.101 +0.010
Y v
0.041£0.008—5 I__ E— - \ 0.008 + 0.006
0.010A ;
0.092 + o.oosiT |->I I« * f
0.050
Pitch Typ.
LEAD COUNT 16L
DIMENSION L 0.404

SOIC Package (wide body)
Ordering Information

ICS9161A-01CW16

Example:

ICS XXXX- PPP M X#WLF

Annealed Lead Free (Optional)

Lead Count & Package Width
Lead Count=1, 2 or 3 digits
W=.3" SOIC or.6” DIP; None=Standard Width

Package Type
M=SOI% P

Pattern Number (2 or 3 digit number for parts with ROM code patterns, if applicable)
Device Type (consists of 3 or 4 digit numbers)

Prefix
ICS, AV=Standard Device

02101—03/21/05
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IMPORTANT NOTICE AND DISCLAIMER

RENESAS ELECTRONICS CORPORATION AND ITS SUBSIDIARIES (‘RENESAS”) PROVIDES TECHNICAL
SPECIFICATIONS AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING
REFERENCE DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND
OTHER RESOURCES “AS IS” AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS OR IMPLIED,
INCLUDING, WITHOUT LIMITATION, ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A
PARTICULAR PURPOSE, OR NON-INFRINGEMENT OF THIRD-PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for developers who are designing with Renesas products. You are solely responsible for (1)
selecting the appropriate products for your application, (2) designing, validating, and testing your application, and (3)
ensuring your application meets applicable standards, and any other safety, security, or other requirements. These
resources are subject to change without notice. Renesas grants you permission to use these resources only to develop an
application that uses Renesas products. Other reproduction or use of these resources is strictly prohibited. No license is
granted to any other Renesas intellectual property or to any third-party intellectual property. Renesas disclaims
responsibility for, and you will fully indemnify Renesas and its representatives against, any claims, damages, costs, losses,
or liabilities arising from your use of these resources. Renesas' products are provided only subject to Renesas' Terms and
Conditions of Sale or other applicable terms agreed to in writing. No use of any Renesas resources expands or otherwise
alters any applicable warranties or warranty disclaimers for these products.

(Disclaimer Rev.1.01)

Corporate Headquarters Contact Information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most
Koto-ku, Tokyo 135-0061, Japan up-to-date version of a document, or your nearest sales
www.renesas.com office, please visit www.renesas.com/contact-us/.
Trademarks

Renesas and the Renesas logo are trademarks of Renesas
Electronics Corporation. All trademarks and registered
trademarks are the property of their respective owners.

© 2025 Renesas Electronics Corporation. All rights reserved.
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