m I ’( 5087 series
LVDS Output Oscillator ICs

OVERVIEW

The 5087 series are LVDS output oscillator ICs that operate with 300MHz to 700MHz SAW resonators. The series includes devices with

fy4 frequency output (mask option), making them ideal for low frequency SAW oscillators as low as 7SMHz. They are specialized for

SAW oscillators, realizing smaller chip size compared to existing products. They feature low jitter, miniature LVDS output oscillator to use

in high-speed serial interface applications.

FEATURES
= 2.375 to 3.6V operating supply voltage range = LVDS output
» Recommended oscillation frequency range: = Standby function
300MHz to 700MHz (varies with version) Outputs are high impedance when OE is LOW. (oscillator stops)
= Output frequency range: 7SMHz to 700MHz = Power-saving pull-up resistor built-in (OE pin)
1o,f/2,fo/4 output frequency, determined by internal connection = BiCMOS process
= Output rise time/Output fall time: 400ps (max) = Wafer form (WF5087xx)
= 40 to +85°C operating temperature range = Chip form (CF5087xx)
SERIES CONFIGURATION
Ly Recommended crystal | Recommended oscillation | Built-in capacitance®[pF]
\ersion ) Output frequency
unit/resonator frequency rangé’[MHz] Cuny Cyout
5087A1 fo
5087A2 300 to 500 6 8 2
5087A3 SAW fo4
5087B1 f
5087B2 500 to 700 5 5 fy2
5087B3 fy4

*1. It becomes WEF5087xx in case of the wafer form and CF5087xx in case of the chip form.

*2. The recommended oscillation frequency is a yardstick value derived from the resonator used for NPC characteristics authentication. However, the
oscillation frequency range is not guaranteed. Specifically, the characteristics can vary greatly due to resonator characteristics and mounting conditions, so
the oscillation characteristics of components must be carefully evaluated.

*3, The built-in oscillation capacitance contains parasitic capacitance.

ORDERING INFORMATION

Device Package \ersioname

WF5087 -]
WF5087xx-x Wafer form A T
Wafer/Chip thickness  1: 300um
Form WF: Wafer form 3:180um

CF: Chip (Die) form Frequency divider function
Oscillation frequency range

CF5087xx-x Chip form
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5087 series

PAD LAYOUT
(Unit; pm)

VCC2
OUT OUTN VvCC2 OE  (600,550)

Lof | Bfs] [

[(0,0)

Y _

VCC1 II
E GND2
1

(-600,-550) VCC1 XIN XOUT GND1

Chip size: 1.20mmx*1.10mm

Chip thickness: 180pum , 300pum

PAD size: 80umx80um(PAD No.2, 3,4, 5,7, 9 pins)
80pmx150pum(PAD No.6, 8 pins)
110pm*80pm(PAD No.10, 11 pins)
80pmx*134pm(PAD No.1 pin)

Chip base: GND potential

PIN DESCRIPTION and PAD COORDINATES

No. Name ot Function PAD coordiniate jum]
X Y
! veer® - (+) supply pin (for oscillation circuit) % e
2 vCer? - -290 440
3 XIN i Oscillator input pin 72 -440
4 XOouT 0 Oscillator output pin 107 -440
5 GND1® - (-) ground pin  (for oscillation circuit) 290 440
6 GND2"® - () ground pin  (for all circuits excluding oscillation circuit) 395 440
Output enable pin. Outputs are high impedance when LOW
7 OF i (osgi)llator stop;)ed). Pozer-saving ihu]l-ui resistor built-in. 377 40
8 VCC2™? - 190 440
5 S — - () supply pin (for all circuits excluding oscillation circuit) = 220
10 OUTN 0 LVDS complementary output pin. Disable: High impedance -114 440
11 ouT 0 LVDS output pin. Disable: High impedance -380 440

*1.1: input, o: output
*2. Connect both of pins by wire-bonding for good characteristics.
*3. GND1 and GND2 pins should be connected by wire-bonding since they are disconnected.
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5087 series

BLOCK DIAGRAM

VCCl1

OE

XIN
(ON®

Level

XOouT

GND1

Shifter

O0—C

1/N
Divider

(Mask Option)

N=1,2,4

{] VCC2
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5087 series

SPECIFICATIONS
Absolute Maximum Ratings
V=0V

Parameter Symbol Condition Rating Unit
Supply voltage range”! Voo | VCC1,VCC2 pins 03t0+5.0 \%
Input voltage range™ Vin | XIN, OE pins 0310 Veet03 A%
Output voltage range” Vour | XOUT, OUT/OUTN pins 03 t0 Veet03 \Y%
Junction temperature T; +125 °C
Storage temperature range Tstg Chip form, Wafer form -55t0+125 °C

*1. This parameter rating is the values that must never exceed even for a moment. This product may suffer breakdown if this parameter rating is exceeded.
Operation and characteristics are guaranteed only when the product is operated at recommended operating conditions.

*2. Ve is a Ve value of recommended operating conditions.

*3. Do not exceed the absolute maximum ratings. If they are exceeded, a characteristic and reliability will be degraded.

*4. When stored in nitrogen or vacuum atmosphere applied to IC itself only (excluding packaging materials).

Recommended Operating Conditions

Vss=0V
Parameter Symbol Conditions Rating Unit
MIN TYP MAX
Operating supply voltage Ve Between VCCI and GND pins 2.375 36 A%
Between VCC2 and GND pins
Operating supply voltage difference AV Voltage difference between VCC1 and VCC2 pins 0.1 +0.1 A%
Input voltage Vi XIN, OE pins 0 Ve A%
Operating temperature T, -40 +85 °C
Output load Ry Between OUT and OUTN pins 9 100 101 Q
Oscillation frequency Iange*1 fy S087Ax 300 >0 MHz
5087Bx 500 700
5087A1 300 500
5087A2 150 250
Output frequency range four 208743 P 12 MHz
5087B1 500 700
5087B2 250 350
5087B3 125 175

*1. The oscillation frequency is a yardstick value derived from the resonator used for NPC characteristics authentication. However, the oscillation frequency
range is not guaranteed. Specifically, the characteristics can vary greatly due to crystal characteristics and mounting conditions, so the oscillation
characteristics of components must be carefully evaluated.

Note. Since it may influence the reliability if it is used out of range of recommended operating conditions, this product should be used within this range.
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5087 series

Electrical Characteristics

3.3V operation
Vcec=3.0t0 3.6V, GND=0V, T.= -40 to +85°C unless otherwise noted.
Parameter Symbol Conditions Rating Unit
MIN TYP MAX

Current consumption Iec Measurement circuit 1, OE=Open 49 70 mA
Standby current Ists Measurement circuit 1, OE=Low 30 A
High-level output voltage Vou Measurement circuit 2, OE=Open, R; =100 143 1.6 \%
Low-level output voltage VoL OUT/OUTN pins 09 1.1 v
Differential output voltage Vob Measurement circuit 2, OE=Open, R; =100 247 330 454 mV
Differential output voltage error AVop OUT/OUTN pins 50 mV
Offset voltage Vos Measurement circuit 2, OE=Open, R;=100Q 1.125 1.25 1.375 v
Offset voltage error AVos OUT/OUTN pins 50 mV

Measurement circuit 3, SW=High or Low
Output leakage current I ) 10 pA
OE=Low, OUT/OUTN pins

High-level input voltage Vi Measurement circuit 1, OE pin 0.7Vee \%
Low-level input voltage Vi Measurement circuit 1, OE pin 0.3Vce A%
High-level input current Iy’ | Measurement circuit 1, Vi=0.7Vee, OE pin -10 -70 LA
Low-level input current ! Measurement circuit 1, V=0V, OE pin -1 -15 LA

5087Ax 1.70 2.00 230

C

A Design value (a monitor pattern ona | 50878x 0.85 1.00 115
Oscillation capacitors wafer is tested), pF

Excluding parasitic capacitance. 5087Ax 340 4.00 4.60

Cour
5087Bx 0.85 1.00 1.15

*1. A sign means the direction of current flows and the MAX value is defined as the largest absolute value.
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5087 series

2.5V operation
Vop=2.375 t0 2.625V, GND=0V, T,= -40 to +85°C unless otherwise noted.
Parameter Symbol Conditions Rating Unit
MIN TYP MAX

Current consumption Iec Measurement circuit 1, OE=Open 47 68 mA
Standby current Ists Measurement circuit 1, OE=Low 30 pA
High-level output voltage Vo | Measurement circuit 2, OE=Open, R;=100Q 143 1.6 Vv
Low-level output voltage Vo | OUTOUTNpins 09 11 \%
Differential output voltage Vob | Measurement circuit 2, OE=Open, R;=100Q 247 330 454 mV
Differential output voltage error AVop OUT/OUTN pins 50 mV
Offset voltage Vos | Measurement cireuit 2, OE=Open, Ry=100Q 1125 1.25 1375 \Y%
Offset voltage error AVog OUT/OUTN pins 50 mV

Measurement circuit 3, SW=High or Low
Output leakage current I ) 10 pA
OE=Low, OUT/OUTN pins

High-level input voltage VH Measurement circuit 1, OE pin 0.7Vce A%
Low-level input voltage Vi Measurement circuit 1, OE pin 0.3Vce v
High-level input current Iy Measurement circuit 1, Vi=0.7Vee, OE pin -10 -70 pA
Low-level input current I]L*1 Measurement circuit 1, V=0V, OE pin -1 -15 A
5087Ax 1.70 2.00 230
C
R Design value (a monitor pattern ona | 5087Bx 085 1.00 1.15
Oscillation capacitors wafer is tested), pF
Excluding parasitic capacitance. 5087Ax 340 4.00 4.60
Cour
5087Bx 0.85 1.00 1.15

*1. A sign means the direction of current flows and the MAX value is defined as the largest absolute value.

SEIKO NPC CORPORATION - 6



5087 series

Switching Characteristics

3.3V operation
Vop =3.0t0 3.6V, GND= 0V, T, =-40 to +85°C unless otherwise noted
. Rating .
Parameter Symbol Conditions Unit
MIN TYP MAX
Measurement circuit 4
Output duty cycle Duty T=+25°C, Vo=33V 45 55 %
Measured at differential output is OV (cross point)
. Measurement circuit 4,
Output swing Vorp ) ) 0.35 \'%
Peak to peak of differential output waveform
o Measurement circuit 4
Output rise time t . ) . 290 400 ps
20% to 80% of differential output swing
] Measurement circuit 4
Output fall time te ) ) ) 290 400 ps
80% to 20% of differential output swing
Measurement circuit 5, T,=+25°C
Output disable time top Time to becoming output Hi-Z at OE(fall)=Vy. 200 ns
(Refer to the timing chart for details.)

Note. The ratings are measured by using the NPC standard resonator and jig. They may vary due to resonator characteristics, so they must be carefully
evaluated.
Recommended resonator characteristics: A version: R1<20Q2, CO<3pF
B version: R1<20Q, CO<2pF

2.5V operation
Vpp=2.375102.625V, GND= 0V, T, = 40 to +85°C unless otherwise noted
. Rating .
Parameter Symbol Conditions Unit
MIN TYP MAX
Measurement circuit 4
Output duty cycle Duty T=+25°C, V=25V 45 55 %
Measured at differential output is OV (cross point)
) Measurement circuit 4,
Olltpllt swing Vopp . . 025 \%
Peak to peak of differential output waveform
o Measurement circuit 4
Output rise time t ) ) ) 290 400 ps
20% to 80% of differential output swing
. Measurement circuit 4
Output fall time te ) ) ) 290 400 ps
80% to 20% of differential output swing
Measurement circuit 5, T,=+25°C
Output disable time top Time to becoming output Hi-Z at OE(fall =V, 200 ns
(Refer to the timing chart for details.)
Note. The ratings are measured by using the NPC standard resonator and jig. They may vary due to resonator characteristics, so they must be carefully
evaluated.

Recommended resonator characteristics: A version: R1<20Q, CO<3pF
B version: R1<20€Q, CO<2pF
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5087 series

Timing chart

Duty = %x 100 (%) @Crossing point
AVobp = |Vob - Voo'|

tPER

OUTN = === Wt

ouT

80% 80%

ovx Vorp oV. LoV V1 peccecscccsscsq
] Hi-Z '-
OUT—OUTN 20% 20% :‘ '
(Differential output) trl<t> tf

Vos —m™———1=H1

AVos
OE

too1
OE input waveform t< 10ns, tr< 10ns Vi <

*1. The OUT/OUTN output goes high impedance after the OE is fallen and then the output disable time “top’” has elapsed.

Figure 1. Timing chart
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5087 series

MEASUREMENT CIRCUITS

These are measurement circuits for electrical characteristics and switching characteristics.

m Note: Bypass capacitors specified in each measurement circuit below should be connected between VCC and GND. Load resistance

specified in each measurement circuit below should be connected to OUT and OUTN pins (excluding measurement circuit 3).

Circuit wiring of bypass capacitors and load resistance should be connected as short as possible. If the circuit wiring is long, the

required characteristics may not be realized. Also, if the values of bypass capacitors and load resistance differ from the description

in this document or are not connected, the required characteristics may not be realized.

* The capacitor and resistor used in measurement circuits below;

GRM155F11H103Z (MURATA) 0.01uF
GRM1552C1H102JA01 (MURATA)  1000pF
RN732ATTD49R9B25 (KOA) 49.9Q

The differential probe spec used for measurement recommends >5GHz analog bandwidth, >50kQ impedance, and <1pF load.
If common-mode noise becomes a problem, connect a capacitor between the center tap of 49.9Q resistance and GND.
The capacitor should choose value so that impedance becomes low on the frequency of the noise which is attenuated.

MEASUREMENT CIRCUIT 1

Measurement Parameter: Icc, Ists, Vi, Vir, I, In.

1. .,1 . . .
cc?ostB 0.01uF(Ceramic Chip Capacitor)
F 1

VCC1 VCC2

XOouT ouT
49.9Q

I:I—L 5087xx

XIN 49.9Q

OUTN

OE GNDI1 GND2

wi T ]

Vi ViV I 71 1000pF(Ceramic Chip Capacitor)
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5087 series

MEASUREMENT CIRCUIT 2
Measurement Pal’ameter: VOH’ VOL: VOD; AVOD, Vos, AVOS

0.01pF(Ceramic Chip Capacitor)

VCCl1 VCC2
r XOUT ouT
:I—L 5087xx
XIN
OUTN
OE GNDI1 GND2

IJ; Von ’ VOL
7)7 7)7 V ., AV

1000pF(Ceramic Chif) Capacitor) ; ____________

MEASUREMENT CIRCUIT 3

Measurement Parameter: I,

0.01pF(Ceramic Chip Capacitor)

F X
7

VCC1 VCC2 z

XOUT out @
SW

5087xx O

I
XIN OUTN jr

OE GNDI1 GND2

e
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5087 series

MEASUREMENT CIRCUIT 4
Measurement Parameter: Duty, Vopp, t,, t;

0.01pF(Ceramic Chip Capacitor)

VCC1 VCC2
XOUT ouT—e——mM8MO------- T -------- Test Point

5087xx
XIN

o

OUTN
OE GNDI1 GND2

747 7Jr J; IOOOpIE(Ceramic Chip Capacitor)

Test Point

MEASUREMENT CIRCUIT 5

Measurement Parameter: top

0.01pF(Ceramic Chip Capacitor)

VCC1 VCC2
Input Signal: XOUT ouT O O------ —
500mVp-p,sine wave 49.9Q
5087xx
Signal 0.01KF N 49.9Q Outout Stonal
Generator OUTN c @ O-aeee|? utput Signa
OE GNDI1 GND2 Y v

49.9Q ﬁ% AT ‘AT

tOD:OE=VCC to GND

T

7
1000pF(Ceramic Chip Capacitor)

SEIKO NPC CORPORATION - 11



5087 series

FUNCTIONAL DESCRIPTION
Standby Function
When OE goes LOW, the oscillator stops and the output pins (OUT, OUTN) become high impedance.

OE OUT, OUTN Oscillator
HIGH (Open) Any 1, /2, £/4 output frequency Operating
LOW Hi-Z Stopped

Power Saving Pull-up Resistor
The OE pin pull-up resistance changes in response to the input level (HIGH or LOW). When OE is tied LOW (standby state), the pull-up
resistance becomes large, reducing the current consumed by the resistance. When OE is open circuit, the pull-up resistance becomes small,
decreasing the susceptibility to the effects of external noise.

Oscillation Detection Function
The 5087 series also feature an oscillation detector circuit. This circuit functions to disable the outputs until the oscillator circuit starts and
the oscillation becomes stable. This alleviates the danger of abnormal oscillator output at oscillator start-up when power is applied or when
OE is switched.
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5087 series

TYPICAL PERFORMANCE
The following characteristics measured using the NPC’s standard jig and SAW resonator. Note that the characteristics will vary with the
resonator used or measurement condition.

SAW resonator used for measurement SAW resonator parameters
Parameter =315MHz
CO(pF) 2.8 L1 Cl R1
R1(Q2) 18 I I
Co

Current Consumption

Current Consumption vs. Supply Voltage Characteristics

Ta=25C
80 i i i i
[ | | | —5087x1
I I I I
| | | | —5087x2
270 D e D
c | | | | = 5087x3
= I I I I
=]
o | | I I I
€ | | | I I
2o b---- - -+ __r__ 4|
c | T T T T
Q | u T T T
o e T T [ [
Ca b----"7 T e N T
9] I I I | |
S | | | | |
@] | | | | |
vFr-—-—---- - == i e e e
I I I I I
I I I I I
I I I I I
20

2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8
Supply Voltage (V)

Negative Resistance
Measurement equipment: Agilent 4396B Network Analyzer, Agilent 85046A S-parameter Test Set

Negative Resistance Characteristics Negative Resistance Characteristics
o Ax version, Vec=3.3V, Ta=25C o Bx version, Vec=3.3V, Ta=25C
T T T T T T
-20
-40
(S 4 S
) 5 -60
o Q
c c
< I -80
2 @
0
@ -100 Qa0 ---A- -
24 ©
2 a2 T e
g g
g B O e I e Attt Tl Bt Al el Bt g Ao ----F--F----——- -

160 | — — |~ C0=0pH a0 b bS] — C0=0pH
| | — CO0=2pH ! ! — C0=2pH
| | _ | |

el i iy B R S -~ — 1 C0=3 g fb---- ——p————-—= r---——=--5 - — {—C0=3pF
‘ ‘ | —— CO=4pH | | — C0=4pH

-200 200 . . :

0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700 800
Frequency (MHz) Frequency (MHz)

Characteristics are measured with a capacitance CO, representing the resonator equivalent circuit CO capacitance, connected
between the XIN and XOUT pins. Measurement are performed with Agilent 4396B, 85046A using the NPC test jig. Characteristics
may vary with measurement jig and measurement conditions.
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5087 series

Phase Noise
Measurement equipment: Agilent ES052B Signal Source Analyzer

Phase Noise Characteristics Phase Noise Characteristics
Al version, Vec=3.3V, §=315MHz, foy1=315MHz, T,=25°C A2 version, Vec=3.3V, §=315MHz, foyr=157.5MHz, T,=25°C
-40 i Il i T I T i i TTTTT L -40 T T T T T T T \HHH‘ T T T
| 1" [ (RN [y L ol [ O 1T O O R 11T O B s S S AR B A |
50 . o e T  Phase jitter(12kHz-20MHz) : 0.14ps] -50 T Phase itter(12kHz-20MH2) : 0.21psy
‘«“\ 1" [ (RN L [T " [ 1T O O R T O I 1Y A A N 111 R B A AT I R
-60 T T IRARL TTTTI T T T 1l e TR YT O LT A 1T A A R A1t R A R R 11| R I NIl I IR RAI ]
h 1" [ (RN L [T " (R I T T A A AT R A 1T A A 1| e A O W VY| N AR
§ 70 | T T IRARL T T T TIT T:ET (SN I S 1 11 A A1 R AR A1 R M RRI1
| | [ (RN L [T " T Y R 1T O A R R O A N 1Y I A N 1171 R B A AT T1 I R
3 80 [ T 1T IRARL T T T TIT E SO Ml i o o e
% | 10 NI (RN L [T " 5 [ S O T T S | A A
=~ 90 | T T IRARL TTTTI T T T 1l A T A1 A RAEE N1 A 11 S 11 R A LN R R MAAAY
2 | 1" IRl (RN L [T " b | \HHH\\HHH [T A R AT I R AT I A RTTYT| I WA
5 100 1" N (RN L [T " ool A A1 LA A1 11 S 11 e A A1 R MMA LAY
b4 | 1" | Il [NIRE L o " z (T R T N 1T O R T R O A N1 I A N 1171 R B A AT T1 I AR
o 110 | I TN RARL T T T T o TOF vml el il et
@ | 1" [T (RN L [T " 2 [ N R AT A I A TE T AL
e 120 1" [ (RN L [T " O T A N N1 A 11 S 11 O A AN R AR
o | 1" [ R L [T " o (T I 1T N R T R O A A1) I A N 171 R B A AT I AR
130 | 1" [ L [T " SBOE il RN R AN R AN TYT| I RRTHT| A WA
| 1" [ I L [T " N T N T I A T T
140 1 1" [ I LI [T " ~140 [T T N\Y L AL AL AL
| 1" [ (RN ——— " (T R AU TT AR AT SN 1) S S AT O 1) A A
180 f 1" [ (RN L [T " LSOy v v T T
160 L 1 IR [RERT [N A 11 e A T 1T S ALY
1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08 1.E+01 1.E+02 1.E+03 1.E+04 1.E+05 1.E+06 1.E+07 1.E+08
Offset Frequency (Hz) Offset Frequency (Hz)
Output Waveform

Measurement equipment: Agilent DSO80604B Oscilloscope, Differential probe 1134A (Probe head E2678A)

O - . 3 ' o I | .

Al version, V=3.3V, T,=25°C A2 version, V=3.3V, T,=25°C
f=315MHz, f5y=315MHz f=315MHz, {5 ;1=157.5MHz
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5087 series

Please pay your attention to the following points at time of using the products shown in this document.

1. The products shown in this document (hereinafter "Products”) are designed and manufactured to the generally accepted standards of
reliability as expected for use in general electronic and electrical equipment, such as personal equipment, machine tools and
measurement equipment. The Products are not designed and manufactured to be used in any other special equipment requiring
extremely high level of reliability and safety, such as aerospace equipment, nuclear power control equipment, medical equipment,
transportation equipment, disaster prevention equipment, security equipment. The Products are not designed and manufactured to be
used for the apparatus that exerts harmful influence on the human lives due to the defects, failure or malfunction of the Products.

If you wish to use the Products in that apparatus, please contact our sales section in advance.
In the event that the Products are used in such apparatus without our prior approval, we assume no responsibility whatsoever for any
damages resulting from the use of that apparatus.

2. NPC reserves the right to change the specifications of the Products in order to improve the characteristics or reliability thereof.

3. The information described in this document is presented only as a guide for using the Products. No responsibility is assumed by us for any
infringements of patents or other rights of the third parties which may result from its use. No license is granted by implication or atherwise
under any patents or other rights of the third parties. Then, we assume no responsibility whatsoever for any damages resulting from that
infringements.

4. The constant of each circuit shown in this document is described as an example, and it is not guaranteed about its value of the mass
production products.

5. In the case of that the Products in this document falls under the foreign exchange and foreign trade control law or other applicable laws and
regulations, approval of the export to be based on those laws and regulations are necessary. Customers are requested appropriately take
steps to obtain required permissions or approvals from appropriate government agencies.

SEIKO NPC CORPORATION
1-9-9, Hatchobori, Chuo-ku,

Tokyo 104-0032, Japan
Telephone: +81-3-5541-6501
Facsimile: +81-3-5541-6510

http:/Aww.npc.co.jp/
Email:sales@npc.co.jp
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