COPAL ELECTRONICS

DP7132

16 Volt Digital Potentiometer (DP)
with 128 Taps and 2-wire Interface

HALOGEN FREE
LEAD FREE

FEATURES

H Single linear DP with 128 taps

H End-to-end resistance of 10kQ, 50kQ or 100kQ
B 2-wire (12C-like) interface

B Fast Up/Down wiper control mode

B Non-volatile wiper setting storage

B Automatic wiper setting recall at power-up

M Digital Supply range (V¢¢): 2.7V to 5.5V

H Analog Supply range (V+): +8V to +16V

B Low Standby Current: 15UA

B 100 Year wiper setting memory

B Industrial Temperature range: -40°C to +85°C
B RoHS-compliant 10-pin MSOP package

APPLICATIONS

B LCD screen adjustment

H Volume control

B Mechanical potentiometer replacement
B Gain adjustment

H Line impedance matching

B VCOM setting adjustments

For Ordering Information details, see page 13.

DESCRIPTION

The DP7132 is a high voltage Digital Potentiometer
(DP) with non-volatile wiper setting memory,
operating like a mechanical potentiometer.
The tap points between the 127 equal resistive elements
are connected to the wiper output via CMOS switches.
The switches are controlled by a 7-bit Wiper Control
Register (WCR). The wiper setting can be stored in a
7-bit non-volatile Data Register (DR). The WCR is
accessed via the 2-wire serial bus.

Upon power-up, the WCR is set to mid-scale (1000000).
After the power supply is stable, the contents of the DR
are transferred to the WCR and the wiper is returned to
the memorized setting.

The DP7132 has two voltage supplies: V¢, the digital
supply and V+, the analog supply. V+ can be much
higher than V¢, allowing for 16V analog operations.

The DP7132 can be used as a potentiometer or as a
two-terminal variable resistor.
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DP7132 COPAL ELECTRONICS

PIN CONFIGURATION PIN DESCRIPTION
Pin i
Number Name | Description

SDAL]"1 10 IscL 1 SDA Serial Data Input/Output - Bidirectional Serial Data pin
GNDLT 2 9 P+ used to transfer data into and out of the DP7132. This
vec 3 8 OORL is an Open-Drain I/O and can be wire OR'd with other

A1 4 7 ERw Open-Drain (or Open Collector) I/Os.

A0 5 6 FIRH 2 GND | Ground

MSOP 10-Pin Package 3 Ve Digital Supply Voltage (2.7V to 5.5V)

4 A1l Address Select Input to select slave address for
2-wire bus.

5 A0 Address Select Input to select slave address for
2-wire bus.

6 R, High Reference Terminal for the potentiometer

7 Ry, Wiper Terminal for the potentiometer

8 R, Low Reference Terminal for the potentiometer

9 V+ Analog Supply Voltage for the potentiometer (+8.0V to
16.0V)

10 SCL Serial Bus Clock input for the 2-wire Serial Bus. This
clock is used to clock all data transfers into and out of
the DP7132
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COPAL ELECTRONICS

DP7132

ABSOLUTE MAXIMUM RATINGS

Temperature Under Bias.................... -55°C to +125°C
Storage Temperature............ccccc.c...... -65°C to +150°C
Voltage on any SDA, SCL, A0 & A1 pins with respect
to Ground M ..o, -0.3V to Vce + 0.3V
Voltage on Ru, RL & Rw pins with respect

10 GrOUND ..o V+
Vcce with respect to Ground .................... -0.3V to +6V
V+ with respect to Ground ................. -0.3V to +16.5V
Wiper Current (10 SEC) ....eeveviveeeiiieeeiiee e +6mA
Lead Soldering temperature (10 sec) .............. +300°C

POTENTIOMETER CHARACTERISTICS

RECOMMENDED OPERATING CONDITIONS

Vce = +2.7V to +5.5V
V+ = +8.0V to +16V
Operating Temperature Range: -40°C to +85°C

COMMENT

Stresses above those listed under “Absolute Maximum Ratings” may
cause permanent damage to the device. These are stress ratings only,
and functional operation of the device at these or any other conditions
outside of those listed in the operational sections of this specification is not
implied. Exposure to any absolute maximum rating for extended periods
may affect device performance and reliability.

Notes:
1. Latch-up protection is provided for stresses up to 100mA on
address and data pins from -0.3V to Vgg +0.3V.

(Over recommended operating conditions unless otherwise stated.)

. Limits ]
Symbol Parameter Test Conditions - Units
Min Typ Max
Reor Potentiometer Resistance (100k<) 100 kQ
Reor Potentiometer Resistance (50kQ) 50 kQ
Reor Potentiometer Resistance (10k<2) 10 kQ
Rio Potentiometer Resistance Tolerance +20 Y%
Power Rating 25°C 50 mwW
Iy Wiper Current +3 mA
. ) ly=+1TmA @ V+ =12V 70 150 Q
Ry Wiper Resistance
ly,=+1MA @ V+ =8V 110 200 Q
Vocau Voltage on R, R, or R, GND =0V;V+=8Vto 16V | GND V+ \
RES Resolution 0.78 %
A Absolute Linearity @ Vw(n)(acma” Win)(expected) ®). ® +1 LSB @
Rin Relative Linearity © Vi~ [Vw(n)+LSB](5>v ® +0.5 LSB @
TC.ror | Temperature Coefficient of R, ™ +300 ppm/° C
TC.., |Ratiometric Temperature Coefficient ™ 30 ppm/° C
C,/C,/C,, |Potentiometer Capacitances M 10/10/25 pF
fc Frequency Response = 50kQ 0.4 MHz
Notes:

1. This parameter is tested initially and after a design or process change that affects the parameter.
2. Absolute linearity is utilized to determine actual wiper voltage versus expected voltage as determined by wiper position when used as a

potentiometer.

3. Relative linearity is utilized to determine the actual change in voltage between two successive tap positions when used as a potentiometer.
4. LSB = (Rym - Rum)/127; where Ry and Ry are the highest and lowest measured values on the wiper terminal.

5.n=1,2,..,127
6. V+ @ Ry; OV @ R ; Vyy measured @ Ry with no load.
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DP7132 COPAL ELECTRONICS

D.C. ELECTRICAL CHARACTERISTICS

(Over recommended operating conditions unless otherwise stated.)

Symbol Parameter Test Conditions Min Max Units
| Power Supply Current Fsc = 400kHz, SDA Open, 1 mA
cct (Volatile Write/Read) Vi = 5.5V, Input = GND
| Power Supply Current Fso = 400kHz, SDA Open, 30 mA
cc2 (Nonvolatile WRITE) Vi = 5.5V, Input = GND ’

lssweey | Standby Current (V= 5V) Vy=GNDorV, ,h6 SDA=V_ 5 LA
ISBM V+ Standby Current V=5V, V+ =16V 10 UA
I, Input Leakage Current V,=GNDto V. 10 UA
lo Output Leakage Current Vour =GND to V. 10 LA
vV, Input Low Voltage -1 VX 0.3 \Y
Vi, Input High Voltage VX 0.7 [ V+1.0
Vo, |Output Low Voltage (V. =3.0) |l, =3mA 0.4
CAPACITANCE
Ta=25°C, f = 1.0MHz, Vcc = 5.0V

Symbol Parameter Test Conditions Min Max Units
Co Input/Output Capacitance (SDA) V,=0vO 8 pF
Cy Input Capacitance (A0, A1, SCL) V,=0vQ 6 pF

A.C. CHARACTERISTICS

V,, =27-55V

Symbol Parameter (see Fig. 1) Min Max Units
Feo. | Clock Frequency 400 kHz
T, | Noise Suppression Time Constant at SCL & SDA Inputs 50 ns
ta SLC Low to SDA Data Out and ACK Out 1 us
., @ | Time the bus must be free before a new transmission can start 1.2 us
tosra | Start Condition Hold Time 0.6 us
tow | Clock Low Period 1.2 us
t.ey | Clock High Period 0.6 us
tusra | Start Condition Setup Time (for a Repeated Start Condition) 0.6 us
tooar |Datain Hold Time 0 ns
t, @ SDA and SCL Rise Time 0.3 us
t. @ SDA and SCL Fall Time 300 ns
tsuso | Stop Conditions Setup Time 0.6 us
ton Data Out Hold Time 100 ns

Notes:
1. This parameter is tested initially and after a design or process change that affects the parameter.
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COPAL ELECTRONICS

DP7132

POWER UP TIMING (@

Symbol Parameter Min Max Units
toum Power-up to Read Operation 1 ms
touw Power-up to Write Operation 1 ms
DP TIMING
Symbol Parameter Min Max Units
tumro | Wiper Response Time After Power Supply Stable 5 10 us
twaL Wiper Response Time After Instruction Issued 5 10 us
WRITE CYCLE LIMITS
Symbol Parameter Min Max Units
tym Write Cycle Time (see Fig. 2) 5 ms

The write cycle is the time from a valid stop condition of a write sequence to the end of the internal program/erase cycle.
During the write cycle, the bus interface circuits are disabled, SDA is allowed to remain high and the device does not

respond to its slave address.

RELIABILITY CHARACTERISTICS

Symbol Parameter Reference Test Method Min Max Units
Neo @ |Endurance MIL-STD-883, Test Method 1033 100,000 Cycles
T, |Data Retention MIL-STD-883, Test Method 1008 100 Years

Notes:

1. This parameter is tested initially and after a design or process change that affects the parameter.
2. tpyr and tpyw are the delays required from the time VCC is stable until the specified operation can be initiated.

TYPICAL PERFORMANCE CHARACTERISTICS
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DP7132 COPAL ELECTRONICS

TYPICAL PERFORMANCE CHARACTERISTICS (CONT)

Absolute Linearity Error per Tap Position Relative Linearity Error
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COPAL ELECTRONICS

DP7132

SERIAL BUS PROTOCOL

The following defines the features of the 2-wire bus
protocol:

(1) Data transfer may be initiated only when the bus is
not busy.

(2) During a data transfer, the data line must remain
stable whenever the clock line is high. Any changes
in the data line while the clock is high will be
interpreted as a START or STOP condition.

The device controlling the transfer is a master, typically
aprocessor or controller, and the device being controlled
isthe slave. The master will always initiate data transfers
and provide the clock for both transmit and receive
operations. Therefore, the DP7132 will be considered
a slave device in all applications.

START Condition

The START Condition precedes all commands to the
device, and is defined as a HIGH to LOW transition of
SDA when SCL is HIGH. The DP7132 monitors the
SDA and SCL lines and will not respond until this
condition is met (see Fig. 3).

STOP Condition

A LOW to HIGH transition of SDA when SCL is HIGH
determinesthe STOP condition. All operations mustend
with a STOP condition (see Fig. 3).

scL _\

Acknowledge

After a successful data transfer, each receiving device
is required to generate an acknowledge. The
acknowledging device pulls down the SDA line during
the ninth clock cycle, signaling that it received the 8 bits
of data (see Fig. 4).

The DP7132 responds with an acknowledge after
receiving a START condition and its slave address. If
the device has been selected along with a write operation,
it responds with an acknowledge after receiving each
8-bit byte.

When the DP7132 is in a READ mode it transmits 8 bits
of data, releases the SDA line, and monitors the line for
an acknowledge. Once it receives this acknowledge,
the DP7132 will continue to transmit data. If no
acknowledge is sentby the Master, the device terminates
data transmission and waits for a STOP condition.

Acknowledge Polling

The disabling of the inputs can be used to take advantage
of the typical write cycle time. Once the STOP condition
is issued to indicate the end of the write operation, the
DP7132 initiates the internal write cycle. ACK polling
can be initiated immediately. This involves issuing the
START condition followed by the slave address. If the
DP7132 is still busy with the write operation, no ACK
will be returned. If the DP7132 has completed the write
operation, an ACK will be returned and the host canthen
proceed with the next instruction operation.

/\ /T

SDA / \

START
CONDITION

STOP
CONDITION

Figure 3. Start/Stop Condition
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DP7132

COPAL ELECTRONICS

DEVICE DESCRIPTION

Access Control Register

The volatile register WCR and the non-volatile register
DR are accessed only by addressing the volatile Access
Register AR first, using the 3 byte I2C protocol for all read
and write operations (see Table 1). The first byte is the
slave address/instruction byte (see details below). The
second byte contains the address (02h) of the AR
register. The datain the third byte controls which register
WCR (80h) or DR (00h) is being addressed (see Figure
5).

Slave Address Instruction Byte Description

The first byte sent to the DP7132 from the master
processor is called the Slave/DP Address Byte. The
most significant five bits of the slave address are a
device type identifier. For the DP7132 these bits are
fixed at 01010 (refer to Table 2).

Table 1. Access Control Register

The next two bits, A1 and A0, are the internal slave
address and must match the physical device address
which is defined by the state of the A1 and AQ input pins.
Only the device with slave address matching the input
byte will be accessed by the master. This allows up to 4
devicestoreside onthe same bus. The A1 and AO inputs
can be actively driven by CMOS input signals or tied to
Vcce or Ground.

The last bit is the READ/WRITE bit and determines the
function to be performed. Ifitis a “1” aread command is
initiated and if it is a “0” a write is initiated. For the AR
register only write is allowed.

Afterthe Master sends a START condition and the slave
address byte, the DP7132 monitors the bus and
responds with an acknowledge whenits address matches
the transmitted slave address.

E 1st byte 2nd byte 3rd byte a
< X X x| o
5131818 al8 =zl 2| £ 2 AR address - 02h g WCR(80h) / DR (00h) selection | Q| &5
sTlo|1]ol1]o]o]lo]lo]Aa]lo]lo]o]lofofof1[ofAa]1]o]lo]o]o|o]o]o]|A]sP
sTlo|1]ol1]o]o]lo]o]a]lo]lo]o]lofofof1|[ofAa]lo]lo]lo]o]o|o|o]o]|A]|SP
Table 2. Byte 1 Slave Address and Instruction Byte
Device Type Identifier Slave Address Read/Write
ID4 ID3 ID2 ID1 IDO A1l AO R/W
0 1 0 1 0 X X X
(MSB) (LSB)
SLAVE
ADDRESS AR REGISTER  WCR/DR

T &INSTRUCTION ADDRESS SELECTION

BUS ACTIVITY: A
MASTER ? FIXED

SDALINEEJ_Ll_ll::l,,,,,Hl_lul_l

VARIABLE A
C

K

Tlnoam

A
C
K

xXO>»

Figure 5. Access Register Addressing Using 3 Bytes
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COPAL ELECTRONICS

DP7132

Wiper Control Register (WCR) Description

The DP7132 contains a 7-bit Wiper Control Register
which is decoded to select one of the 128 switches along
its resistor array. The WCR is a volatile register and is
written with the contents of the nonvolatile Data Register
(DR) on power-up. The Wiper Control Register loses its
contents when the DP7132 is powered-down. The

contents of the WCR may be read or changed directly by
the hostusinga READ/WRITE command after addressing
the WCR (see Table 1 to access WCR). Since the
DP7132 will only make use of the 7 LSB bits (The first
data bit, or MSB, is ignored) on write instructions and will
always come back as a “0” on read commands.

A write operation (see Table 3) requires a Start condition, followed by a valid slave address byte, a valid address byte
00h, a data byte and a STOP condition. After each of the three bytes the DP7132 responds with an acknowledge.
At this time the data is written only to volatile registers, then the device enters its standby state.

Table 3. WCR Write Operation

E 1st byte v 2nd byte « 3rd byte a
E 318|18|a|8[z|g]|s 2 AR address - 02h 2 WCR(80h) selection é g
stTlo]l1]ol1]o]o]o OAO|O|O|0|0|O|1|0A1|0|0|O|0|0|O|0ASP
E slave address byte é WCR address - 00h § data byte é é
ST 0|1|0|1|0|0|0|0A0|0|0|0|0|0|0|0AX|X|X|X|X|X|X|XASP

An increment operation (see Table 4) requires a Start condition, followed by a valid increment address byte (01011),
a valid address byte 00h. After each of the two bytes, the DP7132 responds with an acknowledge. At this time if the
data is high then the wiper is incremented or if the data is low the wiper is decremented at each clock. Once the stop
is issued then the device enters its standby state with the WCR data as being the last inc/dec position. Also, the wiper
position does not roll over but is limited to min and max positions.

Table 4. WCR Increment/Decrement Operation

'n_: 1st byte « 2nd byte « 3rd byte a
~

E 318|18|la|8lz|g]|s Q AR address - 02h Q WCR(80h) selection g g
stloft1]of1[o]ofofo]afofo]o]ofofo|1]o]a]1]o]o]of[o]o]o]ofa]sp
'—

E,:: slave address byte é WCR address - 00h é increment (1) / decrement (0) bits %
% < < %
st[oJ+JoJ1[1JoJoJo[aloJoJoJoJoJoo]Jo[a[ 1] 1]+t JoJo]o]o SP

Aread operation (see Table 5) requires a Start condition, followed by a valid slave address byte for write, a valid address
byte 00h, a second START and a second slave address byte for read. After each of the three bytes, the DP7132
responds with an acknowledge and then the device transmits the data byte. The master terminates the read operation
by issuing a STOP condition following the last bit of Data byte.

Table 5. WCR Read Operation

E 1st byte « 2nd byte « 3rd byte ol e
E N EE R E R EE Q AR address - 02h Q WCR(80h) selection Q g
stlo]l1]ol1]ofo]fo 0A0|0|0|0|0|0|1|OA1|0|O|0|O|O|0|0ASP
'_

< slave address byte S WCR address - 00h

b <

stfo|1[of1[ofo]o]o]a]of[ofo]ofof[ofo]o

£ o

E slave address byte data byte g

ST o|1|o|1|o|o|o|1 Ao|x|x|x|x|x|x|x SP

© NIDEC COPAL ELECTRONICS CORP.
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DP7132 COPAL ELECTRONICS

Data Register (DR)

The Data Register (DR) is a nonvolatile register and its being performed. During the internal non-volatile write
contents are automatically written to the Wiper Control cycle, the device ignores transitions at the SDA and SCL
Register (WCR) on power-up. It can be read at any time pins, and the SDA output is at a high impedance state.
without effecting the value of the WCR. The DR, like the The WCR is also written during a write to DR. After a DR
WCR, only stores the 7 LSB bits and will report the MSB WRITE is complete the DR and WCR will contain the
bit as a “0”. Writing to the DR is performed in the same same wiper position.

fashion asthe WCR exceptthatatime delay of up to 5ms

is experienced while the nonvolatile store operation is

To write or read to the DR, first the access to DR is selected, see table 1 then the data is written or read using the
following sequences.

A write operation (see Table 6) requires a Start condition, followed by a valid slave address byte, a valid address byte
00h, a data byte and a STOP condition. After each of the three bytes the DP7132 responds with an acknowledge.
At this time the data is written both to volatile and non-volatile registers, then the device enters its standby state.

Table 6. DR Write Operation

E 1st byte v 2nd byte v 3rd byte « o
E 2(8|alal 8 =l 2|2 Q AR address - 02h & DR(00h) selection Q g
stlof1]ofl1]o]ofo 0A0|0|0|O|O|0|1|0A0|O|0|0|0|0|0|0ASP
5:% slave address byte é DR address - 00h é data byte é é
ST O|1|0|1|O|O|O|OA0|0|0|0|0|0|0|0AX|X|X|X|X|X|X|XASP

A read operation (see Table 7) requires a Start condition, followed by a valid slave address byte, a valid address byte
00h, a second Start and a second slave address byte for read. After each of the three bytes the DP7132 responds
with an acknowledge and then the device transmits the data byte. The master terminates the read operation by issuing
a STOP condition following the last bit of Data byte.

Table 7. DR Read Operation

E 1st byte « 2nd byte « 3rd byte « a
E 318|8|la|8lz|lg|s ? AR address - 02h 2 DR(00h) selection e g
stlo]l1]ol1]lo]o]o oAo|o|o|o|o|o|1|0Ao|0|o|o|o|0|o|o Alsp
=

E:.: slave address byte 5 DR address - 00h

b <

ST 0|1|0|1|0|0|o|0Ao|o|o|o|o|o|o|0

i lave address byt data b G

E slave adaress byte ata yte U)

ST o|1|o|1|o|0|0|1 A0|x|x|x|x|x|x|x SP
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COPAL ELECTRONICS

DP7132

POTENTIOMETER OPERATION

Power-On

The DP7132 is a 128-position, digital potentiometer.
When  applying power to the DP7132,
Ve must be suplied prior to or simultaneously with V+.
Atthe sametime, the signals on Ry, Ry and R, terminals
should not exceed V+. If V+ is applied before V¢, The
electronic switches of the DP are powered in the
absence of the switch control signals, that could resultin
multiple switches being turned on. This causes
unexpected wiper settings and possible current overload
of the potentiometer. When V¢ is applied the device
turns on at the mid-point wiper location (64) until the
wiper register can be loaded with the nonvolatile memory
location previously stored in the device. After the
nonvolatile memory datais loaded into the wiper register
the wiper location will change to the previously stored
wiper position.

At power-down, it is recommended to turn-off first the
signals on Ry, Ry and Ry, followed by V+ and, after that,
Vg, in order to avoid unexpected transmistions of the
wipper and uncontrolled current overload of the
potentiometer.

The end-to-end nominal resistance of the potentiometer
has 128 contact points linearly distributed across the
total resistor. Each of these contact points is addressed
by the 7 bit wiper register which is decoded to select one
of these 128 contact points.

Each contact point generates a linear resistive value
between the 0 position and the 127 position. These
values can be determined by dividing the end-to-end
value of the potentiometer by 127. In the case of the

10kQ potentiometer ~79Q is the resistance between
each wiper position. However in addition to the ~79Q for
each resistive segment of the potentiometer, a wiper
resistance offset must be considered. Table 8 shows the
effect of this value and how it would appear on the wiper
terminal.

This offset will appear in each of the DP7132 end-to-
end resistance values in the same way as the 10kQ
example. However resistance between each wiper
position for the 50kQ version will be ~395Q and for the
100k2 version will be ~790Q.

Table 8. Potentiometer Resistance and Wiper
Resistance Offset Effects

Typical R, to R, Resistance for
Position 10kQ DP
00 70Q or 0Q + 70Q
01 149Q or 79Q + 70Q
63 5,047Q or 4,977Q + 70Q
127 10,070%2 or 10,0002 + 70Q
Typical R, to R, Resistance for
Position 10kQ DP
00 10,070Q or 10,000€2 + 70Q
64 5,047Q or 4,977Q + 70Q
126 149Q or 79Q + 70
127 70Q or 0Q + 70

© NIDEC COPAL ELECTRONICS CORP.
Characteristics subject to change without notice

11

Doc No. MD-2124, Rev. E



COPAL ELECTRONICS

DP7132

PACKAGE OUTLINE DRAWING
MSOP 10-Lead 3.0 x 3.0mm (2)

| SYMBOL | MIN NOM MAX
1 A 1.10
T i A1 0.00 0.05 0.15
| A2 0.75 0.85 0.95
‘ b 0.17 0.27
| c 0.13 0.23
A e B 2.90 3.00 3.10
E 475 4.90 5.05
| E1 2.90 3.00 3.10
Q ‘ e 0.50 BSC
‘ 040 [ o060 | 080
— ! L1 0.95 REF
i L2 0.25 BSC
Y ‘ 0 o | S
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SIDE VIEW END VIEW
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DETAILA

Notes:
1. All dimensions are in millimeters. Angles in degrees.
2. Complies with JEDEC standard MO-187.
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COPAL ELECTRONICS DP7132

EXAMPLE OF ORDERING INFORMATION

| Prefix | Device # | suffix |
DP 7132 z | -10 -G T3
! t |
Company ID| |Product Number Temperature Range T: Tape & Reel
7132 | = Industrial (-40°C to 85°C) 3:3,000/Reel
Package Resistance
Z: MSOP -10: 10kQ
-50: 50kQ
-00: 100kQ

Lead Finish
G: NiPdAu (PPF)

Notes:

(1) All packages are RoHS-compliant (Lead-free, Halogen-free).

(2) The standard lead finish is NiPdAu.

(3) The device used in the above example is a DP7132Z1-10-GT3 (MSOP, Industrial Temperature range, 10kQ, NiPdAu, Tape & Reel,
3,000/Reel).

(4) For additional package and temperature options, please contact your nearest COPAL ELECTRONICS Sales office.

Ordering Part Number
DP7132Z1-10-GT3
DP7132Z1-50-GT3
DP7132Z1-00-GT3
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NIDEC COPAL ELECTRONICS CORP. MAKES NO WARRANTY, REPRESENTATION OR GUARANTEE, EXPRESS OR IMPLIED, REGARDING THE SUITABILITY OFITS
PRODUCTS FOR ANY PARTICULAR PURPOSE, NOR THAT THE USE OF ITS PRODUCTS WILL NOT INFRINGE ITS INTELLECTUAL PROPERTY RIGHTS OR THE
RIGHTS OF THIRD PARTIES WITH RESPECT TO ANY PARTICULAR USE OR APPLICATION AND SPECIFICALLY DISCLAIMS ANY AND ALL LIABILITY ARISING
OUT OF ANY SUCH USE OR APPLICATION, INCLUDING BUT NOT LIMITED TO, CONSEQUENTIAL OR INCIDENTAL DAMAGES.

NIDEC COPAL ELECTRONICS CORP. products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or
other applications intended to support or sustain life, or for any other application in which the failure of the NIDEC COPAL ELECTRONICS CORP. product could create a
situation where personal injury or death may occur.

NIDEC COPAL ELECTRONICS CORP. reserves the right to make changes to or discontinue any product or service described herein without notice. Products with data sheets
labeled "Advance Information" or "Preliminary" and other products described herein may not be in production or offered for sale.

NIDEC COPAL ELECTRONICS CORP. advises customers to obtain the current version of the relevant product information before placing orders. Circuit diagrams illustrate
typical semiconductor applications and may not be complete.

COPAL ELECTRONICS

NIDEC COPAL ELECTRONICS CORP.

Japan Head Office

Nishi-Shinjuku, Kimuraya Bldg.,

7-5-25 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160-0023
Phone: +81-3-3364-7055

Fax: +81-3-3364-7098
www.nidec-copal-electronics.com

Publication #: MD-2124
Revison: E
Issue date: 03/13/08



