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Zinc oxide varistors
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Electronic circuit overvoltage protection type varistors
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Introductions

SRANMYESBHESEEIRAMOVEESAPESS; L8RS~ Hvariable (FJ3EHY) Hresistor (FAPE) WF4E
Frimsk, FrLAtBFRI AT REER .

Metal oxide varistor is referred to as MOV or varistor, the varistor is variable and resistor the word from the merger,
it is also known as variable resistors.

MEL FroR, ZAGRBENEQHNFTRAV-5EE, 6 RFFRBRIEE D FIEL R RS E. EEFRARSIM
SFATEIFIMEHERBELY), ELEETREE, WE2 Frx, KARERMFENZ R SEBEAR
i, A ARSI R - R R A

As shown in Fig. 1, this component has a bi-directional and symmetrical V - | characteristic with good surge absorption
capability and non-linear electrical characteristics. The varistor is made of zinc oxide as a main body and a variety of
metal oxides are added. After pressing and sintering, as shown in Fig. 2, a polycrystalline semiconductor ceramic
module having grain boundary properties can be used to generate nonlinear current-voltage characteristics.
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Fig.1 ZnO Varistor V-l characteristics Fig.2 ZnO Varistor SEM micrograph

[EEREENTIEAEMERIPRERZBRNTRE CRB) NHIR, SEGAEMERESRNTRER, E5
BESREMRERS (LR BARERS (§SBRE) o EEHEHERSA MRV L INE R R.
The main purpose of the varistor is to protect the device from transient overvoltage (surge) damage, When the
varistor is subjected to transient overvoltages, the varistor will shift from a steady state (approximately open) to a
regulated state (high conductivity). The typical V-l characteristic of the varistor is shown in Fig

LEAKAGE UPTURN
REGION L NORMAL OPERATION + REGION J
E 1000 7
e /
0
5 L yon
] .-D‘=10 ~U0-em |;£Vi_-~“_‘l:
> - R e 4 .
| ot
JI p=1~10Q-cm
100
— vl
|
'._.'
4
/
10 - - n A 8 - S—
10" 10" 10° 10° 10 10° 10¢
CURRENT (1)

3. [EEUFAPHRS s AIV-IFF I 2

Fig. 3 Typical V-I characteristic curves of varistor
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ERAERK, EEAEMESRNV-I FEENEMERR. INESRERENSERS, ERBESE, TTEEFR.

At leakage region, the V-I curve of varistor shows like a linear relationship. The varistor is in high resistance mode and

shows as an open circuit.
HITEX, E8EPMAERAMV- %A AR TEATE SR iR

In normal operation region, the V-I curve of a varistor can be described by power law:

I=kv®

X E kNEE o RIEL IR

Where k is a constant and a defines the degree of nonlinearity.

FEAR, ESEEREINRRES, ATLEERRE.

At upturn region, the varistor is in low resistance mode and shows as a short circuit.

ES AR TR ERBNHEE L

Advantages Compared with Other Transient Suppressors:

1)

2)

3)

4)

5)

BAFA R

Better Thermal Properties

SEZRERE - PN SFERZIIRRRA—F, EHRESRSHEEEL D PN SER, XMEEEE
WFHIREE RN BE W AURIBRIRAZBES .

A silicon suppressor has only one P-N junction to handle the current, but varistor has millions of P-N junctions
to offer better energy dissipation capability and peak current handling capability.

R RZ3EEE R

Speed of Response

EEEEEEAE SHEMESEAG MR ER . A N ESHRESBMES LA IEBR, RNEHNRE
SEEN, AR R (A SEprm Ko

The action of varistor is similar to that of other semiconductor devices, and its conduction happens very fast
(nanosecond range). In other words, varistor is fast enough to response to any practical requirements.
WRFH THERENRE

Stable Clamping Voltage over Temperature
EBRYARBENELT, — EXRREBSEENTIERESER, FTH_RENRTBESBETRE
BEMNABmMA S, MESEREMERMRG BEEES TERESERMER TNRILFRFEE. HEHH
FEERR R REEAG ANORENASMIEME, ESRMERNERTHRETSEERETAMmNE.
Beyond the breakdown point, the clamping voltage of varistor is almost constant over wide range of operating
temperature while the clamping voltage of zener diode is higher at upper operation temperature. Even though
leakage current of varistor increases following the rise of temperature, its clamping voltage is temperature
independent.

BE

Capacitance

5N _REMLL, ESBREREESNEAE. RENFSAFENERENASEmMERRE, EER
IR, EEFRHERM A ARSI EB A GBS BRI NEEM

Compared with zener diodes, varistors have higher capacitance. Depending on the application, transient
suppressor capacitance can be a desirable or undesirable feature. In DC circuits, the capacitance of varistors
provides both decoupling and transient voltage clamping functions.

(D&

Less Expensive

5ZREML, ESmEREERRAMEMR /NI R.

Compared with diodes, varistor has small size and is cost-effective.
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Terms and definitions

1)

2)

3)

4)

5)

6)

7)

8)

E&REE

Varistor voltage

FEERERR(1mA DC)R & R B AR PHESRY, fE RS S MmN B EE.

The voltage across the varistor measured with the specified DC current 1mA.

VLN

Leakage current

IR R RS AMEL SRR, EIEREMT UimA BRI B,

The leakage current is the current before the varistor breakdown conduction, That is, when the voltage is lower
than U1mA measured current.

BRAELZTERE

Maximum Continuous (or Operating) Voltage

WM ARAARTRE, BANESENTEGRMERMASE~ELL
VAC,

The maximum continuous or operating voltage (AC/DC) that can be applied continuously across the varistor, It’s

ERMNRALIERE, & vDC

also known as the maximum allowable voltage.

BRI HE

Maximum Clamping Voltage

DA EBKOH B R (Ip, 8/20us K f2) INfE R B R PR L ATS IR SRR RE, 8/20us IXAZ AN T E Fi7Ro

The maximum voltage across the varistor with the specified standard impulse current (Ip, 8/20us waveform)
applied as shown below.

BRAREE

Maximum Energy

PARF E BK O Bt (10/1000ps S FZ) INFE R &R FEES £, R ENZE LR/ NFL10%H R KREEE -

The maximum energy can be applied within the varistor voltage change of £10% when a single impulse current of
10/1000s.

BARE (BoF) EBR

Maximum peak (or pulse) Current

WIRZ MR DRI, LU ERKCH FIR(8/20us S FZ) A R SR FEER — R AR (BREIBR 5 2 9), E8E
[ER AL/ NTF£10%H S AR T FEL AR -

The maximum current within the varistor voltage change of £10% with a single standard impulse current of
8/20us is applied or two times with an interval of 5 minutes. It’s also known as the withstanding surge current.
BEThE

Rated Power

EFE1E 85°C A EIMEIRE T LE 1000 /NAY, EEIHREMZEM/NT 10%HFRATHE.

The power can be applied in the specified ambient temperature of 85°C, the change in varistor voltage is less
than 10% of the maximum power.

SERR

Reference Capacitance

RSN (1KH2) AR & (1Vrms) T BT S Y B BB

The capacitance of the varistor at a specified frequency (1kHz) and bias (1Vrms).
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Part Number

BB HRASFRMAT, SEITMEGHRE, 22 MERS TIIREH.

Way of product type naming illustrated as follows, Please refer to the specification chart and the following

instructions when the order detailed specifications.
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Electronic circuit overvoltage protection type varistors (Lead varistors)
[ES{FFESEMAE R MER, B mm, 07 FR/R7mm, 14 TR 14mm
Ceramic chip diameter of varistor, unitis mm, e.g. 07 is 7mm, 14 is 14mm etc.
BERTIR, DRRER, STRRFRE
Ceramic chip shape, D is disc, S is square.

FORESERE, 21V, 471 J 470V, 180 J 18V &

Varistor voltage, unit is Volt, e.g. 471 is 470V, 180 is 180V etc.

ESEEIRE, KFRRL10%, L RR7115%

Varistor voltage tolerance, e.g. Kis £10%, L is £15% etc.

REEBSR, GRAEBE, )R TEAEE,

Energy grade, G is general type, J is high energy type,

Sl (BB, 90 S RomBEM, KFRRINEH], VRRFITHZE

Lead style, e.g. S is straight lead, K is outside kink lead, V is vertical kink lead etc.

Sl&iaie (BEE), 203 3R/RMIEE Smm, 5 3RRHIEE 7.5mm, 6 FR/RHIEE 10mm &

Lead spacing, e.g. 3 is 5mm, 5 is 7.5mm, 6 is 10mm etc.

BUF LR, RRMC, 003 /R 3mm, 08 FRIRMIHE 8mm, 20 FRIRMIHE 20mm, 3E &R

B4 3.5mm %,
Bulk packing, it is lead length, e.g. 03 is 3mm, 08 is 8mm, 20 is 20mm, 3E is 3.5mm etc.

HwEARN, RNERFASTHEER (P), NTL RRFEEESTHEER P A 12.7mm,

R2 RNEEBESTHEEER P 7 25.4mm .,

Tape packing, it is package style and component pitch (P), eg T1 is ammo packing and P=12.7mm, R2

is reel packing and P=25.4mm etc.
WNEBAE P HIRAD, AFAEBRET .

Internal control code, will not be described in this catalog
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Electronic circuit overvoltage protection type varistors

R

=

N ER, THRARREX

REM R BRI RSB S R EE
PREIFEEM, RIPUETE
TR

ENXY RoOHS 5<%, X

i
HBERT M BN Fk iR E.
L. fINE%
Tk DA FSATTH 4RHE28.
TR HIRZLE. —MHERLHE.
EpEay et

WG BIENL EIAL. RBHE
WAL HEAL. BRE. FTEHL
i R RRERSS
RERTFR

Features

Very large surge withstanding capability with a compact
size

Fast response to steep impulse voltage

Low clamping voltage for better surge protection

No follow-on current

RoHS compliant, halogen-free

Applications

Ko
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Consumer electronics products: television, audio output
device, Safetry plug, STB etc.

Industrial products: motor, semiconductor component,
relay, switch,
Three-phase rectifier circuit, automatic control circuit
etc.
Communication

electromagnetic power  circuit,

equipment: Telephone, facsimile,
exchanger etc.

Computer: computer, displayer, printer, scanister, power
supply, adapter etc.

Automotive electronics products

3\ IR
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Safety Approval
NIESEE
N | g e Certification range
PR iR S i
. Approval standard Certificate No. AR R RAELR AR
Authority Specs Varistor Maximum continuous
P voltage operating voltage a.c.
CQC20001252105 07D 18V - 820V 11Vac — 510Vac
cac GB/T 10193-1997 CQC20001252153 10D 18V - 1100V 11Vac — 680Vac
GB/T 10194-1997 CQC20001252151 14D 18V - 1800V 11Vac — 1100vac
CQC20001252149 20D 18V - 1800V 11Vac — 1100vVac
DIN EN 61051-1:2009 07D 18V - 820V 11Vac - 510Vac
IEC 61051-1:2007 100 18V - 1100V 11Vac - 680Vac
VDE IEC 61051-2:1991/AMDI:2009 40052040
) 14D 18V - 1200V 11Vac — 750Vac
IEC 61051-2:1991 200 18V - 1200V 11Vac - 750Vac
IEC 61051-2-2:1991
07D 18V - 820V 11Vac — 510Vac
10D 18V - 1100V 11Vac — 680Vac
uL o uL1ae £490998 14D 18V - 1800V 11Vac - 1100Vac
20D 18V - 1800V 11Vac — 1100Vac

10D/14D/20D @I T 6KV/3KA LH&EBUNIK, FF& IEC 60950-1 M5k Q F3Ko

10D, 14D and 20D passed the 6KV/3KA combined wave test, in accordance with IEC 60950-1 Annex Q

requirements.

—RHEE

General Characteristics

EHRE (RERE)

18V -1800V
Varistor Voltage (threshold voltage)
THEBEEEE (BAXATFHE) AC(rms) 11 Vac - 1000 Vac
Working voltage (Max. Allowable oltage) DC 14 Vdc — 1465 Vdc
a7 3 ]
. HBL 100 A - 6 500 A
ERABKOH ER(8/20pS) | General type
Peak Current for 8/20uS Current Wave EReRY
/201 CEPEE 50 A-10000 A
Hi-energy type
A 37
HIBE 0.4)-625)
B AREE (10/1000uS) | General type
E R For 10/1 000pS C tW BheHR
nergy Range For 10/ pS Current Wave  ERER 0.61—990
Hi-energy type
238 I
) . *%‘1/EIHII.XIE _400C~ +1250C
Operation Ambient Temperature Range
: N=R=gcng
ﬁﬁﬁumxﬂ. _55°C ~ +125°C
Storage Tempersture Range
“#as
: ’@’%EEBE > 1000 MQ
Insulation Resistance
i\ MM | =
_ @ﬂ};ﬁﬁj}z 2 500 VDC for 1 min.
Hi-Pot (Leads to Coating)
M) R B (8]

Typical Response Time

<25ns

R RERFERAE

Maximum Voltage-Temperature Coefficient

<-0.05% / °C
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Scope of applications

g Mg g Mg FERIE
Specs Specs Specs Specs Recommended Applications

07D180K 10D180K 14D180K 20D180K

07D220K | 10D220K | 14D220K | 20D220K | mFigfEengs, M FRIPLSHBAE. SRERT~H. DCASY

07D270K 10D270K 14D270K 20D270K | pIRHy4ke B8 SERRER. BRERMNERIRE. (THNRIES
07D330K 10D330K 14D330K 20D330K | For the low voltage circuit, Such as for the protection of

07D390K 10D390K 14D390K 20D390K semiconductor devices, automotive electronics, DC48V following
07D470K 10D470K 14D470K 20D470K relays and solenoid valves, electrostatic discharge equipment, mobile
07D560K 10D560K 14D560K 20D560K phones, etc.

07D680K 10D680K 14D680K 20D680K

07D820K | 10D820K | 14D820K | 20D820K
07D101K | 10D101K | 14D101K | 20D101K | FAFERiE, Bk 48V B{SHpkms:

07D121K | 10D121K | 14D121K | 20D121K | Telephone, Communication Line (DC 48 V)
07D151K | 10D151K | 14D151K | 20D151K

07D181K 10D181K 14D181K 20D181K
07D201K 10D201K 14D201K 20D201K
07D221K 10D221K 14D221K 20D221K

AF3R 100V k5408 (nAAD
AC 100 V Line-Line Applications (Japan etc.)

07D241K 10D241K 14D241K 20D241K
07D271K 10D271K 14D271K 20D271K
07D301K 10D301K 14D301K 20D301K

ABTFR 100~120v e 5%k0E (AR, £E. mEXE)
AC 100V to 120V, Line-Line Applications (Japan, US, Canada etc.)

07D331K | 10D331K | 14D331K | 20D331K mjtj:éfﬁ1(°r9;’112°"g§g’%"ﬂ;mﬁ)
07D361K | 10D361K | 14D361K | 20D361K | /.1 el (RLRS 250V KM

AC 100V to 120V, Line-Line Applications
07D391K 10D391K 14D391K 20D391K Telephone Line Applications (For DC 250 V Insulation Resistance Test)

07D431K 10D431K 14D431K 20D431K TR 200~220V & 54:08]. &5 KHbE]
07D471K 10D471K 14D471K 20D471K AC 200V to 220V, Line-Line and Line-Ground Applications

07D561K | 10D561K | 14D561K | 20D561K | FIF 3k 240V %5408, LS5AME (MN%EE. @M. HHRE)
07D621K 10D621K 14D621K 20D621K AC 240V, Line-Line and Line-Ground Applications (UK, Australia,
07D681K 10D681K 14D681K 20D681K Middle east etc.)

10D751K 14D751K 20D751K
10D781K 14D781K 20D781K
10D821K 14D821K 20D821K

RT3 380V 2k 5408, Z&5KithiE
AC 380V, Line-Line and Line-Ground Applications

AT35R 415V k5408, L5 KHhE

10D911K 14D911K 20D911K AC 415V, Line-Line and Line-Ground Applications

10D102K 14D102K 20D102K | ATk 480V k548, &5 KiIE)
10D112K 14D112K 20D112K AC 480V, Line-Line and Line-Ground Applications

AF&SAHE (Rxt 1200V i ERR)

14D182K 20D182K Line-Ground Applications (For AC 1200 V Withstanding Test)

Marking

WzV B & B R AR S A L FACLREZI TR, HAR W TE TR,

As shown in figure, the marking of WZV type varistor is laser engraving on the body.

WEIDY
WZV10D561KTJ

ARAYANGES

XXXXXX
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Ratings and Characteristics of varistor

10D &%
10D series
BRAAFRE RAMRFIBE RAEERR RAHEE
EHBE Max. Allowable Max. Clamping Max. Peak Current Maximum Energy EE PN
- \\//ijitsat;; Voltage Voltage (8/20us) (10/1000us) RIthi Ca%ﬁice
s%:cgs (V1.0mA) ACrms DC Vc Ip Gié;f:\]al H i—_iigrgy G?;(fgal Hi—_'e%fegrgy Power ?max.)
Volts Volts Volts Volts Amps Amps Amps Joules Joules Watts pF @1kHz

10D180K 16.2-19.8 11 14 36 2.1 3.0 5600
10D220K 19.8-24.2 14 18 43 2.5 5.0 4500
10D270K 24.3-29.7 17 22 53 3.0 6.0 3700

500 1000
10D330K 29.7-36.3 20 26 65 4.0 7.0 3000
5 / / 0.05
10D390K 35.1-42.9 25 31 77 4.6 9.0 2400
250x2 500x2

10D470K 42.3-51.7 30 38 93 5.5 11.0 2100
10D560K 50.4-61.6 35 45 110 7.0 13 1800
10D680K 61.2-74.8 40 56 135 8.2 15 1500
10D820K 73.8-90.2 50 65 135 12 17 1200
10D101K 90-110 60 85 165 15 18 1000
10D121K 108-132 75 100 200 18 21 830
10D151K 135-165 95 125 250 22 25 670
10D181K 162-198 115 150 300 27 30 560
10D201K 180-220 130 170 340 30 35 500
10D221K 198-242 140 180 360 32 39 450
10D241K 216-264 150 200 395 35 42 420
10D271K 243-297 175 225 455 37 49 370
10D301K 270-330 190 250 505 40 54 330
10D331K 297-363 210 275 545 43 58 300
10D361K 324-396 230 300 595 2500 3500 47 65 280
10D391K 351-429 250 320 650 25 / / 60 70 0.40 260
10D431K 387-473 275 350 710 1250x2 | 2500x2 65 80 230
10D471K 423-517 300 385 775 67 85 210
10D511K 459-561 320 415 845 69 90 200
10D561K 504-616 350 460 930 70 92 180
10D621K 558-682 385 505 1020 72 95 160
10D681K 612-748 420 560 1120 75 98 150
10D751K 675-825 460 615 1240 77 100 130
10D781K 702-858 485 640 1290 80 105 125
10D821K 738-902 510 670 1355 85 110 120
10D911K 819-1001 550 745 1500 93 130 110
10D102K 900-1100 625 825 1650 102 140 100
10D112K 990-1210 680 895 1815 115 155 90
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Dimension specifications

PR f R TR
Dimensions of component for standard product
[ T D ) T D T
/ _‘\‘ N 1 7N ,‘/ ('_‘. ¥ ’_\--. _‘ |
/"‘. /] [ \ c/H '(, ) [A \‘ { / 1y (M1 !\ ) .{ A K H1
PN ‘ fi' 1 7~ —f (' —\L I.» ] PSS \_/..{.- |
) [( | ( ) 1 1%
Y S I \ 3 =
' L U L } : I | d |
T ~ | .
s P — ]
A SET o B RiT8
Straight Lead Inside Kink d utside Kink Lead tical kink Lead
Specs D F L d C K H H1
pank =4 mm, max | mm, £1.0 | mm, min | mm, £0.1 | mm, max | mm, max | mm, max | mm, max
10D 12.5 7.5 20 0.8 3.0 5.0 16.5 19.5

B (L) ATRURIBRFIERBITES], ARLAMEBAEK.
Lead length (L) can be customized according to customer requirements, the table of the general requirements of
the above specifications

B T RStfERmm, HKRE)

T dimension specification list (mm, maximum)

ESEE | 10D E®®BE | 10D
180 4.0 361 5.9
220 41 3901 6.0
270 4.1 431 6.2
330 4.2 471 6.3
390 4.4 511 6.5
470 4.6 561 6.7
560 4.8 621 7.7
680 5.0 681 7.9
820 5.0 751 8.1
101 5.2 781 8.2
121 53 821 8.4
151 5.6 911 9.1
181 5.8 102 9.5
201 5.2 112 9.9
221 5.3 122 --
241 5.4 142 --
271 5.5 152 --
301 5.6 162 --
331 5.7 182 -
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Taping specifications

e
Straight Lead

Druction of avusing \| BN

Rt

Inside Kink Lead OutsideKinkLead Verticalkink Lead

& 1 (&M T 07D/10D)
Fig 1 (apply to 07D/10D)

uw

Straight Lead

AEW

Inside Kink Lead Outside Kink Lead
&l 2 (& FF 10D/14D/20D)
Fig 2 (apply to 10D, 14D and 20D)

Owecton of ureseirg '\ SuW

T

Vertical kink Lead

R R~T##& Dimensions specifications (mm)

Code 07D 10D 14 20
F 5.0+0.8 7.5+0.8 7.5%0.8 7.5%0.8 7.5%0.8 7.5+0.8 10+0.8
d 0.60£0.1 0.8040.1 0.80£0.1 0.80£0.1 0.80£0.1 0.80£0.1 1.00+0.1
P 12.7+¥1.0 12.7+#1.0 25.4+1.0 15.0+1.0 25.4%1.0 30.0£1.0 25.4+1.0
PO 12.7+0.3 12.7+0.3 12.7+0.3 15.0+0.3 12.7+0.3 15.0+0.3 12.7+0.3
P1 3.85+0.7 1.6+0.7 8.95+0.7 3.75%0.7 8.95+0.7 3.75%0.7 8.95+0.7
P2 6.35+0.7 6.35+0.7 12.7+0.7 7.5%0.7 12.7+0.7 7.5+0.7 12.7+0.7
Ah <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <4.0
AS <13 <13 <13 <13 <13 <13 <13
t1 <0.9 <0.9 <0.9 <0.9 <0.9 <0.9 <0.9
t2 <15 <1.7 <1.7 <1.7 <1.7 <1.7 <19
W 18.0+0.5 18.0+0.5 18.0+0.5 18.0+0.5 18.0+0.5 18.0+0.5 18.0+0.5
wo >7.0 >7.0 >7.0 >7.0 >7.0 >7.0 >7.0
w1 9.0+0.5 9.0+0.5 9.0+0.5 9.0+0.5 9.0+0.5 9.0+0.5 9.0+0.5
W2 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0 <2.0
H 18.0+2/-0 18.0+2/-0 18.0+2/-0 18.0+2/-0 18.0+2/-0 18.0+2/-0 18.0+2/-0
HO 16.0+0.5 16.0+0.5 16.0£0.5 16.0£0.5 16.0£0.5 16.0+0.5 16.0+0.5
H1 <32.0 <36.0 <36.0 <36.0 <40.0 <40.0 <40.0
DO 4.0+0.2 4.0+0.2 4.0+0.2 4.0+0.2 4.0+0.2 4.0+0.2 4.0+0.2
L <11.0 <11.0 <11.0 <11.0 <11.0 <11.0 <11.0
C <3.0 <3.0 <3.0 <3.0 <3.0 <3.0 <3.0
K <5.0 <5.0 <5.0 <5.0 <5.0 <5.0 <5.0
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Packing specifications

B HHER
Bulk packing
I
A 10D 14D 20D
Specs
RNBRYE
1000 500 500 200
Minimum Packaging Quantity pes pes pes pes
B REER
Taping packing
A [E &R ERER(EE) MEAE(EBR)
Specs Varistor Voltage Reel Packing (per Reel) Ammo Packing (per Box)

<471 1500 pcs 1500 pcs

07D
2471 1000 pcs 1 000 pcs
<471 1000 pcs 1000 pcs

10D
2471 750 pcs 750 pcs
<471 1000 pcs 1000 pcs

14D
2471 750 pcs 750 pcs
<471 500 pcs 500 pcs

20D
2471 250 pcs 250 pcs

d: TBARNEEERKETRINET.

Note: Quantity of Ammo packing and reel packing may change.

TEARRTE

Dimensional drawing for ammo packing

HROERTE
Dimensional drawing for reel packing
[ e
.-/... 2
,.// \"\.
$ 1 { 3 \
4 O
¢ oy I‘ |
R E O\ /
& P 5 \\ ///
) -

A B C

07D/ 10D 43+2mm 2565mm 333+5mm

14D / 20D 48+2mm 288t5mm | 333t5mm
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Performance characteristics

RS2

Electrical parameters

BRMENESESSC, HIEEZRAESSWHIFZMHTIHIT.
Electrical measurements shall be conducted at temperature of 5 to 35 °C, relative humidity of maximum 85 %.

i

Characteristics

NI T35 /R
Test Methods/Description

L

Specifi cations

E#ERHE

Varistor Voltage

¥IE DC B Cra SR EB(ERPEBEAT, & Bi(eR PE 25 MR um A0 uh F BB EARIT A Ve k
Vema, FRAESEE. MERPEHFIT, LUERTHEZRZNT.

The voltage betwen two terminals with the specified measuring current C,a DC applied
is called V¢ or Vema. The measure ment shall be made as fast as possible to avoid heat
affection.

HEHEE
To meet the specified value.

BRARIFBE
Maximum
Allowable Voltage

BEEEMEMAARE E 2B ER N EN S X EXERBERKAE
The maximum sinusoidal RMS voltage or maximum DC voltage that can be applied
continuously.

HEHEE

To meet the specified value.

PR Il EE &
Clamping Voltage

FERME 8/20 ps RIBOREB IR &2 R S PR BB R ik F B B E A & = 1B .
The maximum voltage between two terminals with the specified standard impulse
current (8/20 us) illustrated below applied.

HEHEE

To meet the specified value.

BEE

Rated Power

REFE IR EMIMRIRE T EA AT

The power that can be applied in the specified ambient temperature.

HEHEE

To meet the specified value.

RABEE
Maximum Energy

HEAN—R 10/1 000 ps Bk EL 2 ms FEFSKAT, EHIEERTLIEIEL10 %R
RAHE.

The maximum energy within the varistor voltage change of +10 % when a single
impulse current of 2 ms or 10/1 000 ps is applied.

HEHEE

To meet the specified value.

1% 8/20 s AR BRI EING 5 24, SFENESEERN, EHBET
) times | HEETEX10 %LU R KRR
. o The maximum current within the varistor voltage change of £10 % when a standard im
'\T#MEEE'”'L pulse current of 8/20 s is applied two times with an interval of 5 minutes. HEREIEE
aximum Pea —ws N N . < ifi
Current 1% 8/20 ps FRAERRBORERR—RIENE RSN, ERREZWEEL0 %L | To meet the specified value.
Ltime | PIBUBKRERAE.
The maximum current within the varistor voltage change of +10 % with a single
standard im pulse current of 8/20 us is ap plied.
EHEBEEERYK

Temperature Co ef fi cient
of Varistor Voltage

Vema at 85°C—Vema at 25°C
VCmA at 25°C

X — X

100 (%/°C)

0~-0.05%/°C

mAR
Capacitance

TEIMEREE g 25+2°C MESAZR 1 kHz+10 %, 1Vrms LT (RTF 100pF BfHA 1IMHz)
ESEE ov BHUE.

Capacitance shall be measured at 1 kHz 10 %, 1 Vrms max. (1 MHz +10 % below 100
pF), 0 V bias and 2512 °C.

HEHEE

To meet the specified value

MHERE (AL
Withstanding Voltage
(Body Insulation)

ESHEERERESBANAMKE, MMMAENBE 1 7%,
The specified voltage shall be applied between both terminals of the specimen
connected together and metal foil closely wrapped round its body for 1 minute.

| I_\ vy o
2 GRS ) <330V >330V
Classification (Nominal varistor voltage)
HIEEBE (AC)
1000 Vi 1500V
Test Voltage (AC) rms rms

Fagrg kIl

No breakdown

U

Mechanical behavior

it

Characteristics

AT E
Test Methods

FRifE

Specifi cations

SRR

Terminal Tensile Strength

BEAREE, EinFLESHEMEENKNDHRREL 10 40, BZENHEINY
BERE.

After gradually applying the force specified below and keeping the unit fixed for 10
seconds, the terminal shall be visually examined for any damage.

HHR
3|.§E.TI <0.8mm >0.8mm
Terminal diameter
$11] Force 9.8N 19.6N

To RR A M 155
No remarkable mechanical
damage

—-13/22 -



it

Characteristics

AT E
Test Methods

FRifE

Specifi cations

SEEIUITRE
Terminal Bending Strength

EimFAEER, Ein iS5 E ERMEERNKS, EEEHE 00 EZiH. &
E¥ERERR, BEERAEEZH 0 E, <FERERRK, XBRSMNAEE
B 90 ERHRERRK. REHITIERE, BEEMNNEINELEE.

The unit shall be secured with its terminal kept vertical and the force specified below
shall be applied in the axial direction. The terminal shall gradually be bent by 90° in one
direction, then 90° in the opposite direction, and again back to the original position.
The damage of the terminal shall be visually examined.

Terminal diameter Force
B kA
<0.8mm 4.9N
>0.8mm 9.8N

T B S M 145
No remarkable mechanical
damage

BERFEREERNR L, FEIRBIIAZR10 Hz->55 Hz->10 HEBEA, FRIE40.75
mm (£HR1E 1.5mm), EEREZY 1598 BZFFRIEMEEER3 75,

R FH#IT 20E, TEUABRIAELFE. ToER B M #5345
Vibration After repeadly applying a single harmonic vibration (amplitude: 0.75mm, double No remarkable mechanical
amplitude: 1.5 mm) with 1 minute vibration frequency cycles (10 Hz to 55 Hz to 10 Hz) damage
to each of three perpendicular directions for 2 hours. Thereafter, the unit shall be
visually examined.
ZE095 % By FREE
ATiE B SLKIBN 23515°C $51E 2105 7, BNFREBAREL 3mm. LIRHHITES
Solderability After dipping the terminals to a depth of approximately 3 mm from the body in a Approximately 95 % of the
soldering bath of 235+5°C for 2+0.5 seconds, the terminal shall be visually examined. termainals shall be covered
with new solder uniformly.
I TIRIRTE2605 “CHUIR G, EwmTFIALE 2.0~ 2.5mm, A t=1.5 mmiE
IR (ENHIEAR) , RiEATE10£1%), REMEEZERTIZE2/N. BV | AVana/Vana <£5 %
i AR HE A SR .
Resistance to Soldering After each lead shall be dipped into a solder bath having a temperature of 26045 °Cto | FoERBHLM %15
Heat a point 2.0 to 2.5 mm from the body of the unit, using shielding board (t=1.5 mm), be No remarkable mechanical

held there for 10+1 s and then be stored at room temperature and normal humidity
for 1 to 2 hours. The change of Vcma and mechanical damages shall be examined.

damage

MBI

Environmental characteristics

i

Characteristics

AT E
Test Methods

;3

Specifi cations

[S)=lakes

High Temperature Storage

125+¢2°CRET, EHREEGTHEL00/NEE, EREEEEEEMERIEL)
B, MEEFFE.

The specimen shall be subjected to 12542 °C for 1000 hours in a ther mostatic bath
without load and then stored at room temperature and normal humidity for 1 to 2
hours. Thereafter, the change of V¢ma shall be measured.

AVema/Vema < £5 %

40+2°CRE T, R0 ~ 95%RHIMEF, FhafasF T E1000/0E /G, EHEZE
HEEESEPIZVNEE, MEESF.

e
Hﬁz-jr::tdl% The specimen shall be subjected to 4042 °C, 90 to 95 % RH for 1000 hours without load | AVema/Vema <5 %
¥ and then stored at room temperature and normal humidity for 1 to 2 hours.
Thereafter, the change of V¢ma shall be measured.
-40:2°CEE T, THEHETHEL00NTE, EREEEESEFEFIE2N
N, BT, MEHFME.
ErE e, TIE R

Low Temperature Storage

The specimen shall be subjected to —40+2 °C without load for 1000 hours and then
stored at room temperature and normal humidity for 1 to 2 hours. Thereafter, the
change of Vcma shall be measured.

AVera/Vem < £5 %

Sm AT
High Temperature Load

85+2 °C ;RE T, HBRAAIFHEEL000/M, HEIZEREEFEFLIZ2 MG,
TE B4

After being continuously applied the Maximum Allowable Voltage at 85+2 °C for 1000
hours, the specimen shall be stored at room temperature and normal humidity for 1 to
2 hours. Thereafter, the change of Vcma shall be measured.

AVema/Vema < £10 %

i 2 Fa e
Humidity Load

40£2 °C BT, JEAE90 ~ 95 %RHIMEF, HEiBHZARIFEREI000/ME, HEZEE
mERIMNERIZEVNEG, MEEFFE.

The specimen shall be subjected to 40+2 °C, 90 to 95 % RH and the Maximum
Allowable Voltage for 1000 hours and then stored at room temperature and normal
humidity for 1 to 2 hours. Thereafter, the change of Vcma shall be measured.

AVema/Vema < 10 %

14 /22 -



FEE

Characteristics

R T
Test Methods

¥Rt

Specifi cations

T TRIASR, ZEREEEREEHFETIZVNN, BUINERFTE, ¥+
B H R
The temperature cycle shown below shall be repeated fi ve cycles and then stored at
room temperature and normal humidity for 1 to 2 hours. The change of V¢ma and

mechanical damage shall be examined.

BRI i mE (°C) 8] (53%h)
Temperaxture Cycle Step Temperature (°C) Period (minutes) AVema/Vema <25 %
1 -40+3 30+3
2 %8 Room temp. 15+3
3 +125+2 30+3
4 EiE Room temp. 1543
> go 25 A
B RIG R
Testing current waveform
N 4 Ly — 3 A
E—FURR BT
The first wave The second wave
.
/ R
10} / rbaiend
09 B ‘
I / 100 A —
b i :,-‘__\
( I N / \
/4'1 \ /" \
ol : Jf ’K y— .
no - 4 > L J \'. J/ ]
y % Iy — —/ Iy Verual deration of peak cunrent
Front e T\ =123 =T Ty Virual weal ducanoe K TTIOR_FA 2
[mse to half value: T, K 77091 FA
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ZEERER

Safety Precautions

EAWzZVESEEMERE (UTERWZVE~RERR) B, WZVEEEG GEE&ithaosms, 8, BiREH. 8K
) RERER, WATEESIL AR, MEE., BA. UR~REE. THAZAERRPBRXEIESN, HAEH
IWEBITER. MXREEBIALEY, HESHLARELHIIIEKR.

In case that a WZV varistor (hereafter referred to as the WZV, or product name) is used, if an abnormality takes place

because of peripheral conditions of the WZV(material, environments, power source conditions, circuit conditions, etc. in

equipment design), fi re, electric shock, burn, or product failure may be occur. The precautions for this product are

described below, understand the content thoroughly before usage. For more questions, contact us.

1.

11

1.2

2.

A8 E T E I
Precautions to be strictly observed
R EMERERAIA
Confirmation of performance ratings
HETFWZVIIRARIFEE, TURBERR (RREERR) « RAEEREMNE), REF®, FHHORTIEM
BRERESEEEFMEMENAE, ENEEERNER. BHAECEER, NaEmwzvitsEst, WIrTht,
FEE A 5| wWzVE s A .
Use the WZV within its rated range of performance such as the maximum allowable voltage, maximum peak current
(withstanding surge current), maximum energy (Withstanding energy), impulse life(surge life), average pulse power,
and operating temperature range. If used outside the range, the WZV can be degrade and have element fracture, which
may result in smoking and ignition.
ABREINIREE, FERBIMTIE
To avoid accidents due to unexpected phenomena, take the following measures
1) WzVEiRRT , FIREHHERWZVARRE CEl, BTN &R~ RMARIPERINE.
In the event of fracture of the WZV, its pieces may scatter; hence, put the case or cover of the set product in place.
2) BONREEAHRYME (BRB%. WIEERIIF) Mhik. HXEER, BERTREFRPINE.
Do not install the WZV near combustible substances (polyvinyl chloride wires, resin moldings, etc.). If it is difficult
to do, install a nonflammable cover.
3) &R
Across-the-line use
HELEERE, BRIELEWZVEE (B3F21M21)TH@)HRERD .
When the WZV is used across a line, put a current fuse in series with the WZV. (Refer to Item 2.1.1). (4) and Table
1) .
4) Z-thialfER
Use between line to ground
(1) 7EZk-MEERR, WZVEERERS~E B, BIRRRLTSEE, FTaesliEwzvibsERiEE Rk
'N. AEtf DIRER, BERRRRRFEEKS. MTHEERES, WEEBRREL5RERKE
#BHFER. (BE%XD
If the case that the WZV is used between a line to the ground, the short-circuit of the WZV may not blow the
current fuse because of grounding resistance, which may cause smoking and ignition of the WZV’s exterior
resin. As the measure against it, install an earth leakage breaker on the power supply side of the WZV position.
If no earth leakage breaker is installed, use a thermal fuse together wth a current fuse in series. (Refer to
Table 1.)
(2) EHBEBHSEEIBEEFERWZVET, WzViaEERARBRER, SU5% & B HEts 75 Ak,
If the case that the WZV is used between a live part to metal case, an electric shock may develop at a

shortcircuit of the WZV ; hence, ground the metal case to the ground or keep it from the human body.

FREESEM
Application notes
--16/22 -



2.1 FETHIED, AIEESHWZVE RN L&
Pay attention to the following items to avoid the shortened life and failure of the WzZV
1) HEEEMH

Circuit conditions

(1)

()

(3)

EEMWZVINBER K EESRAFFBREEC L. (BHEERD

Select a WZV of which the maximum voltage including fluctuations in source voltage allows for the maximum

permissible circuit voltage. (Refer to Table 1)

Bt A RIERT REMmFHARRIRIGBERD , TAIBEWZVRI S X FEHRORIE.,

In cases that surges are intermittently applied at short intervals (for example, in case that the voltage of the

noise simulator test is implemented etc.), do not let them exceed the WZV’s rated power.

EEWZVEY, FuRBRRIFAE~RES

Select a WZV recommended in Table 1.

@ A
Across-the-line use
BHEZENELNARELOTSH AT TE . BESMPHLER. P&, FEMAf
BEATHARNN RS, BSHBRBEN LA, AREARIPHEE*HN~RES.
If possible, use a Part No. marked with ¢ in case of voltage temporarily rises load unbalance of
separately-wired loads, short between hot and neutral-line, open of neutral line in
single-phase-three-wired system, and due to resonance at switching for a capacitive, inductive load.

@ -tuEfER
Used between line to ground
HINEPERT, MEBEE EA, Fit, BEAZRIPHEEN~RES,
Use a different Part No. from “Across-the-line use” as table 1, because of raising voltage in case of “Line
to Ground Fault”.
TR ERELBMAIKE (DC500V) B, FEEARITEFENRE* *HN~RES. ERARAE
PRe@ M REIX I E SR FHRBER, E—EMBEBEGT, REF T ESBAERFMNER ERT.
Use a Part No. marked with = ¢ in table 1, in case of the insulation resistance test (500 VDC) for
equipment. When using a Part of the varistor voltage that the insulation efficiency examination can not
be cleared, there is a case where the varistor can be done by removing it from the circuit depending on
the circuit condition.
BT F RO B R IX 88 (AC 1000V 3% AC 1200 V) B, iEEARIFHENRE * * * RS,
Use a Part No. marked with =k 3 intable 1, in case of the withstanding voltage test (1000 VAC or
1200 VAC) for equipment.

KT HIRIRE 22

Concerning current fuse

@ FRAWVEBRRRLMFEER, —REFRTREITEE. 1IN, ERPI, HW2VHRIRE,
WAHRERESLE2RFGE.
We recommend selecting a WZV and the rated current of a current fuse as follows.

Finally, please be sure that there is no danger if the WZV mounted on the equipment breaks.

o
Rt 05D 07D 10D 14D 20D
Specs
& L2 BN E 3
1%[(4_%51/]:_ EE.E QA <3A <5A <7A <10A
Fuse rated current

@ REEZMIBEANDBLIENIRRURME. BRAPESHATEEREA, B LR SR 2T ER
Ff. EBRIRIGZ21EHR T BIiEE.
The recommended fuse position is shown in table 1, “Example of WZV application”, however, if the load
current of protected equipment is larger than that of the above recommended fuse rated current, install

a current fuse at the position shown below.
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(5)

im B R B 22

O

iR

Power Sources Side

B OR B £

Current Fuse

W2ZVE S B A%

WZV Varistor

BRIPIRE

Protected
Equipment

O

Concerning thermal fuse
BwzvSRERKELEZR, ARmEREEAAESRIFNRIEL.
Set a thermal fuse to get high thermal conductivity with WzV.

<1 WzVvEyiE AsE !
Table 1 Example of WZV application
%3 Z%iEEA Z-thiE R
Type Across-the-Line use Use between Line to ground
L O L O——ovo—9
g o PR -y o R b
3 g o wo .”:n::« e WVl 'v:nw«-’ﬂ
[N Equizment Equizment
2 >
@ O N O
-}
o EX: '
= 7] SRR
3 o rmal Fose
S
7 i
2 Bl | —
LRl S
_g_ Protected BitaE
5 {]_>’ > Coupment Pronecred
w (@] Equipment
° =
2 i
g Wwiva Wavs | Wiva
el A d
Thaaemal Fuse
way | EEEE | ESEE way | EERE | Esem
Source voltage varistor Source voltage varistor
471
AC100V 201-361%
o E 511
3 8 AC100V 6213k
3 AC120V 241-431%%
_% E AC220V 8213k %
9 R 1823k sk sk
< Ji?g W2zVi AC200V 471-621% W2zV2 11
z % wzvs AC220V 471-621% wzva AC230V 6213%
s B AC240V 8213% %
AC240V 511-621% 1823 % %
1123k %
AC380V
AC380V 821 182 3% % 3%

2) B#IFRETERE

Operating temperature range

BEENENBRIERETEEA (40°C~+85°C) £, MRZLFRIIERER

BEEAGER . TEIRNHEZHLZE.

Please use it within the specified operating temperature range (-40 ° C to + 85 ° C). If the actual working

temperature is outside its operating temperature range, use the derating of WZV. The figure below shows the

derating curve.

0%
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3) ERIFE

Operating environments

(1) WzVARIEEIMER .
The WZV is designed to be used indoors. Do not use it exposed outdoors.

(2) AAIEPAEES SR, AHRMEESGRE B ERRESCEAEER.
Do not use the WZV in places exposed to temperatures beyond the operating temperature range, such as
places exposed to sunlight and vicinities of heating equipment.

(3) AAIEMM. ZR. SRENZMAER.
Do not use the WZV in places exposed to high temperatures and high humidity, such as places exposed
directlyto rain, wind, dew condensation, and vapor.

(4) ANAEMLRE SRS AT AREE M SIESRNIMESER.
Do not use the WZV in dusty and salty places and atmospheres polluted by corrosive gases.

4) MI&H

Processing conditions

(1) AFIRAFRESBUMNABRIESLIET BEFR. RI%) #IiTEx.
Do not wash the WZV by such solvents (thinner, acetone, etc.) as its exterior resin deteriorates.

(2) AAHEMAESBINAEMIES TH LR ESES. EN.
Do not apply a strong vibration or shock (by falling, etc.) to the W2V, cracking to its exterior resin and
element may occur.

(3) BwzviHITRIAEEER (RIPREEE) B, FR{ERATESEWZVESLRIREE.
When coating the WZV with resin (including molding), do not use such resin.

(4) DEIF, wzviNRBERBEMHLRY S| LA AT TR I BB MIN F.
Do not bend the WZV type D lead wires at the position close to its WZV type D exterior resin, or apply
external force to the position.

(5) I1REEET, BEMTEETEHIT. BERANGHERWZVEEE RIS B RHE L .
When soldering the WZV lead wires, follow the recommended conditions and do not melt the solder and

insulating materials constituting the WzV.

BEAR HEEM T EFED
Soldering Method Recommended Condition Attention Item
S UENR 260°C, 10 # LA D BN BERIEX R~
Flow soldering 260°C, within 10 sec. Type D is not Refl ow soldering object part.

LREUMAFETERR, ERPmBITHIA.

For use other than the above conditions, please the client to confirm.

URFITURIRT, KEKRE400 CIAT, BHEHEHIZEST LA,

Only 1 times rework, soldering iron temperature should not exceed 400 °C and should not be
applied for mor than 5 seconds.

B EFREEY
Soldering temperature-time profile to recommend

Temp. (*C) i

ik [ B
Preheating J 'I Cooling

& i}
Time. (sec)

5) KEARE
Long-term storage
(1) WZVARMREFESR. SRAM. REHFEIRL CLUT, JBE75 %RHELT, FEREARA24E.
Do not store the WZV under high temperature and high humidity. Store it at a temperature up to 40 °C and at
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3.1

3.2

3.3

humidity below 75 %RH, and use it within two years.

KHIEMRE QFL) B, EAFHEHIAREFTEE.

Before using the WZV that has been stored for a long period (two years or longer), confirm the solderability.
2) TARFERMMESE BHE. IRiR. 85, 85%) HME4.

Avoid atmospheres full of corrosive gases (hydrogen sulfi de, sulfurous acid, chlorine, ammonia, etc.).
3) REFZFMERMAAES . HEF.

Avoid direct sunlight and dew condensation.

L

Notices

RAFAEMERRESNEE MEMRXEE. ETRESE) i, AEAZAQFEFAERAESMFRIPERSFHEX
EH.

In cases that the WZV is used in equipment (aerospace equipment, medical equipment, etc.) re quir ing extremely high

reliability, ask us for a selection of Part No., and protection coordination, etc. in advance.

BARRBERAREARICRBIHTIRIE, HHESBERRER, XARFAEMSIE.

Note that we do not take any responsibility for faults and abnormalities resulting from the use not in conformity with
the contents of entries in the delivery specifi cation.

HIEABRBEENSFE LA BRERBRNERASFAUTHARERZN, ATEESHWZVEEN. ARIEERRER RS
£, NG RIEE PR R T 2 E R

There is a possibility that the WZV will unexpectedly cause smoke or ignite because of an abnormal rise of the circuit
voltage and invasion of excessive surge. To prevent that accident from spreading over the equipment and not to
expand the damage, use multiplex protection such as the adoption of frame-retardant materials for hous ing parts and

structural parts.
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10D &%

10D series

B EEERY I

Voltage vs. Current

10D820K — 10D511K

— T o —
- Max. - Max, Clamping Voltage -
2000 = L eakage Current 511
471
431
75391
2361
1000 ——=471 o
200 =
800 222301 Z 521
=z 1
i =
600 ot i 1
500 P 151
S 400 51l ? 121
o == = 20
o AAAAT
= - a4
— >
200 = —— # 7
,—E? > 1’
—
100 -
a0
80
70
m —
50 Test Current Wavelorm et
40 107 to 107 A: Direct Current
# 10" 10 10* A: 820 s =
1 10* w0 w2 10 10° 10 107 107 10t w0°
Current {A)
10D511K —10D182K
5000 7 " t = e e
E= ; B Max, Clamping Voltage -
4000 == Leakage Current 18265
t
3000 —1 102 T
911 —— 112
£ 4,521 — Z 102
I " '/ 911
Rt /52
2000 761
— >
3 156‘
e — . 2621
\ibﬁ'
; — =i
o AV 4
s T ;’( /,
® /
& 1000 — = —— —
g m —
g 800 ‘\'2, = -
y = -~ - ,l
600 r!
so0 A
A
400 1
g
1
300":~751
- “681 Test Current Waveform = =
";91 10° 10 107 A: Direct Current ——|
| 10" 10 10° A B/20 s —
200 = ) il R Y
w' w* w* 1w 1w w' 1w w 1w 1w 1w 10
Current (A)
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Impulse Derating

10D820K —10D511K

10000

Surge Cunent (4)

1000

g

e
24men - Smn oo

VPN 10 S - 2 vl
N\ upto W smes 20 sec ntnnval
NS il 1

N
SR
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\ 2
o S i
=) 4
N
. N
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PN NN
PR NN
i
00 1000 0000

impuise Widtn {ps)
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1000
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QI ZY
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Y74
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10000
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B EEERYFIE L W fomFEE T2

Voltage vs. Current Impulse Derating
10D180K — 10D680K 10D180K — 10D680K
- 1000 s=F
1 Max. = r~ Max, Ctamping Voltage 530' = 29mas Gmin ol
400 E=Leakage Current . up ¥ 10times - 2 min, insorval
560 up o 10 trrws 10 sec intorval
300 —Z74 470 1 [N HH
A A7 390 N N
7 7
200 = 2, 100 DeIRHEN SN o
. '11 1270 o~ N; )27 }
o v < ) O N
—— =7 1’[1 7 ig :'c' f ,&’ ,_"’})‘s N \
1 s @ L
88 - - / g X7 \\% -\\ N
80 o © 10 & S >
70 7 7 z =
60 ol ad - A, a
- 50 -~ S = E <
= .7 A~ = N n
% 40 1 — . N
2 i Ht
30— >l - == -
g 7 - I/r/}, AEV -
ey 2 . g VI
20 0
7 ==
V4 01
7 lf/ 20 100 1000 10000
10 AL A Impeise Width (us)
Yy
v anya
7EL
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v 2 Test current wavelorm -1
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