WURTH ELEKTRONIK MORE THAN YOU EXPECT

Rz A5 BF

ANP143 | TVS iR EMERAIR . MR EK A

Heinz Zenkner {84

1. AR

TVS ZHRE (BSHENHR) BTRIFEREXSEER
. EMNTARBEETIEmMRIT, HYREBEBIHR
BREFRER, ENSAELRBIRBLER. ENERE
TARWEFHRE, BREH-HREN—F. TVS ZRET
MRRBEMMERIEE BESIBTR) . EFH_REN
BEFZEANKRE. VS —RENFLEEFTBESTFH=
RE. TVS ZIREFHEMR@MF. BE TVS —REE—
ANTiE L EETEUE R, mAER— TR ENSERMIE
ERE_RETLRF. WE TVS ZIRE AR T7E LR
EHRE ERATRIPORENEMA) . 8@ TVS ZHRENSE
Rffa] EE XS R B9 X [m) TVS ZHRERE S (B, 5ps XftL 5

ns) .

B FXe VS ZHREMB ST SWE 1.

WE-TVSP Power TVS Diode, 824500101

x

1

Ip
Bi-directional \'5)
—>
Cathode Anode
BVUni
Uni-directional

B 1. EEFRE VS —RENESHS. & K TVS ZREH
FREE.

1 AMAHBERT T TR R—1 e TVS ZHRE | E
RPN RE EERN TVS ZREAMNEE, —REN
SLAVEE [R-ER IR M L E A 2 P

WE-TVSP Power TVS Diode, 824500101

Properties Test conditions Value Unit | Tol. Properties Test conditions Value Unit | Tol.
DC Operating Voltage Voc 10 V| max. DC Operating Voltage Voc 10 V| max.
(Reverse) Breakdown Voltage | Ve [ 1mA 11.7 V | +5% (Reverse) Breakdown Voltage | Vi | 1mA 11.7 V | +5%
Clamping Voltage Veany | loenc 17 V | max Clamping Voltage Voamy | loeac 17 V| max
(Reverse) Peak Pulse Current | lr... [ 10/1000 ps 23.5 A | max. (Reverse) Peak Pulse Current | ..., | 10/1000 ps 23.5 A | max
(Forward) Peak Pulse Current locai 40 A | max (Forward) Peak Pulse Current oca 40 A | max
Leakage Current lea | VDC 5 pA [ max. Leakage Current lea | VDC 5 pA [ max
Steady State Power Dissipation| Po.. [ T,=50°C 3.3 W | max. Steady State Power Dissipation| Po.. | T.=50 °C 3.3 W | max.
Power Dissipation Poss | 1071000 ps 400 W | max Power Dissipation Poes | 1071000 ps 400 W | max.
Polarity Unidirectional Polarity Unidirectional
A A
k- ——

[

[

|

| - ler

=TT -\ Ver V/oc e f=m=======
Tlen Ve T o T v
ler AL
2 B FRE TVS R ET &R,
ANP143a 2025/06/10 1|26

WURTH ELEKTRONIK eiSos

www.we-online.com



L7 F it B
ANP143 | TVS Z#RE | BREAIR. MRERER B

HZEF WE SUERTHSHEBENTEX
Standard TVS
ERTHSRE Voo, EETHERE (Vo) L dodewith i
-1 parasitic

THEEEMNRAERE, 58I Voo, MRMEMNE TVS 1% capacitance
ELHBEEETZERE, WTVS ZRESNZRIPBIE~E r— Coneral buronee
BIER. MBAR, Nar4dAmRER FATHSS € ode with low
L TVS ZHREB 5k A KR, parasitic capacitance
REHFFHE (Ver) B3 IREETVS —1RE (BIREE TVS ZIRE) B9S2 H.
XE TVS ZIREARSENEN 1 mMABRNEERE, B8 ) _ B
RORBAEFOE, RBREE VenaTarrs IR #s w o=
BEBA TIESREE, DUETVS “IREERATS TSN Ej&gﬁ Voe 6 | v | max
TAETFREUATS. BAE 1 MHz Cim 005 | pF | typ.

B IR (Voiam BA 1 MHz Crax 0.15 pF | max.
SHALE R (Vo) TRER 6 Voc It max 005 | pA | max.
AR ERRHE Voo EXROER, MRHERRE | yoper [ TP [ g [y [ 4
BERPEINEREEME. Vom HESRIESEHBODIE g Ef/sérer?erl
(375 (Ipea) TN e & S I 0 | v | yp
PR B BB 7R (Ipead ESD,P?% 8 kV Contact 1000 min.
ERTVS “RERBRIMASRARNBARBER. Po & L 82517064 Temrof ' TVS —iREHIE 1L
EEBRERIERERERANBSEREEN, EAZHT
NARMENKERA 8/20 us, H 8 ps ZIXENEBMFHN
LEFAS[E) (1), 20 ps R E B FR TFREEIEE 50% Bk HFEE
Ej‘l\ET.I (tz)o
TRER IR (leak)
MRERZE Voc BEETNE, EREASENRSER.
THERRFE (Poiss)
INFRIRFE Poss AR IR E FrERULAITIR . RNEFROhIEE
INRFEMBRESMERTFEREAE—R, —EEBXIHN.
BRI I R IRFE
TVS TR E R4 E HIBR S B OTIR 2 Fr 6B FE B SR R Th R I
B, TVS ZAREMINRIFENIRIKRFEE 4 10/1000 ps Bk
(10 ps A EFHETE), 1000 ps T EIEEMN—F)
BARIGFE
TVS ZREEIEE TIEZH T UHFERIKA TR,
REBEE TVS —HKE
B—FTVS ZIREWHRAMES TVS ZHKE (B ERT,
femtoF) . EfINEALLES TVS ZHREEM, BEAE 01
Z 05pF zj8), TITRITATHR USB. HDMI, LK I
FEHNASEESREHEIRNBEE. REFEBRTER
EREBEH TVS ZIRERK— N EERENBR CRERLI,
HENEMMAE 3 Fior.
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2. B G R TVS 4R

ERBRTHTVS ZIRER T AMER, BISWmABEN
THFEEN, ERAF. MRGAEERTHFEE,
TVS ZAREMBELREETE, XHHMERMFIBSE
E. EBBERT VS ZHREMHUT A ZE—ERET A
S, FREZRERRNBERE. BTRERMNABUNRE
MEFE, XM_RESEARSTH-REF —ENE7
(B 2) .

TVS Z“IREMNHNEBE PN AR, HEBPHHNTFHE.
MRBMANBESEEBITFRE, WS —RESHHES
B, UKIAMRRIPBIGAR . AT, &F PN &0
TVS BITIRERBVEER T, FibWBERKB#HAFMR
., BEX¥SEBAP, hHERAXR NPN/PNP 53k L
TVS f9777%, RIBE S RN AXRSEE, MM
(. BAENERZRELERR T BTSHERS
BIS R A EEARASURBA I, AR TVS E =] UHH
BRIRBRENHEMNEE.

XFPSEBAYTVS ZARE 2R T MOS-FET STHAI NPT
B, ERAZELL PN 2 TVS ZIRENEFRLEM (B VENE

RIBBLRMEINTRE, G NMOS-FET & —N &£ WK
MRAEE (BIT), ENMOSBHFMEE TIEH, FEDIRMS
BELSKEEA. WA 4 Fix, T4 BIT B95HK (B) i1 F
JR#R (Source), IR (O frFm#L (Drain) , MAEBEHH
4T, TEMNpAXTUELENERB).

ANP143a| 2025/06/10
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LB, DABBE—TABM RESL UHTEERZE

NS BB THEN (EEFHERT) £BHNE

M, £BEBHP, ENBIASHETHRES. A,

wRBY T, MEETHNRTFLEESEENER B

MEHBEFRRATFSSREBTERRFRIE, AFXLSD

HERFREBRBEERFNEHETEAF. XEHNSE
HHAFXSEEX—4R, MNiFESHEER.
Oxide

Gate Drain

Source

B 4. NMOS-FET F Ry LR R MR EE (BIT),

HEH EE/}IL/}ILIJ—J:%:_&L BIT E’]%*&ET %*&Eﬁ/ﬁ 518 BJT,
FRSREBRMFRZENET. FHENZ, —Bf
T, RIME, BIIX—IENZREHKAHET
B, IMEREXR BREATUFESE. %mLE’J%—E/\
BEERNEEMAER, EFRNEERZEANEES
RREZ. XMAEENRSEETME, ?‘Z&FTZ&TE&%FT
B SIIREIRA BB
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EWRHEMNESALATELRE TVS TR EMIRIZH
ESD %37, B 5 EMENBEBR SRR SGHIE KRR,
HMZE TVS TR E R RINEEBEERE,

6 FEMERT MBEEIZOHBERE, THERTHE
B EEE, TVS PSR RS ENFEENER =K
& (Steering-Diode) AL, SEMIER ZREEZET Ve,
REMNED ZREEZFIHR. s, XESEMAEEN
BE ZIREHBKE —ANFHRE L, BITVS ZRE (BRI
B 5) . XEREZRENERE/), FHFBER.

p-WELL 27 n B¥SEHBAN p BEARIXE. X#HE n
BRI T — M EERE p 2R X

X1

n-WELL ZF5% p BI¥SEPBAN n BARMKE. X
# p BWRPERT — N EEE n BRXE,

EXEF, EXNE 6 FHTIRET —EBEK M. HFTH
¥ TVS FEAIMEAEIRE — MR LR, RBIZA4 PN
RS2 DB ARE CMOS S ES B L SEER
Hlis, BESHEEEMNSE PNP F1 NPN 2AE, HH
MBASBEER, TVS EFHMNZE4E NPN 5 PNP BB
SEHFgiE", MmslEERMmBZIMNRMEE, BIES
BB, X—REEXREEETRESEE (B 4), XMEN
&7 PMOSFET 5] NMOSFET 9Bk - A X - — &S5 P &
JREHFH N+ Z[8], FELFMFTETIERE (SCR) EATLE
= (B 7).

A
VBUS
VBUS %
VBUS
VBUS L2 7442335600 C8 100nF_USB3TX P
SSTXp1 ﬁg = AT 1._ § C7__||100nF USB3TX N
E = o N '
SSTxnt < — 1t High side Low side
B11 == USB3RXI N 4 3 USB3RX N : :
USB TYPE_C Port SoRXe! 810 USB3RXI P 1:% 2 USB3RX P Slt;izzgg S'E;z:zg
5 7442335600
SSRXn2 :%%2 < g < g :
SSRXp2
SSTXn2 ﬁx g %
SSTXp2 % %
A6
D+ D2 D3
D- AL 824012823 824012823
GND 33V 3
GND o- -8 77 77
GND D+ s
GND ~ e s
A5 USB2DI N __ 4 3 USB2D N
SH1 gg; Bgi R USB2D1 P 1:% 2 USB2D P
i SBUT ﬁéA oKt < g 744232090
Sha S0z B 0603 90R @ 100MHz
GND
USB-C Receptacle g}x
D4 ol
824012823
33V /77
— & = >\ N
B 5. &/ TVS ZiREESIT USB JE O H FTHEZS BRI,
High Side Diode Main (TVS) Diode Low Side Diode
Vec 1/0 2

GND GND

iPa

n WELL

rasitic NPN

p Substrate

Parasitic PNP

GND

I/01_§__Z L1 =

1/02

Vee [ Main (TVS) Diode NPN

B 6. P88 TVS ZREHESIHI 7 B IR B E B A,
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Hfm&k SCR Bf, P+X (PAtR, An) #1 N+X (BAtk, Ca)

Z BIEFBMEAREREERR. XRITRX ST $HA .

8 BN T BEFEITMHM VI FRtEsh I - REYS
HTARE . NPN XURMEREE (BIT) Mo HEEEHEE,

EB_MRE (B8 L) f—EBE (AIMBNETFREE Vi)
TEREFHEFRERTTF. THFBE VeffT 55V
MZRE, FHEFLESWA ITEFEE Ves T 55
VITRE, SHEFAEISHA (SHRN) . BEHF
BERE, BRSREEN, MEERFENEE. FFELRH
M. MRAREBR, —RERSH TR, T
npn-BIT (& 8 fuiy) M5, WRREBELS, heER
BR-HEXELETHETF. AGFIED, KEHRBR
KRR LT, FFHIEVERY, RINRERASEEF, &2
MEESRREITH. MRERTEFEES, R2SBEE

ERA, UiEE (B8 A) BTHENENFFEE (p-n-p-n)

BEE, ENEFNHEARSR, SHER-FREE LS
EEE R EEH AESERDES—EBREN (), 75
RETTF., TFE, TEEHAZISERTE, RIESMIBEE
BRTHE, JEERMERFSERS, BERERTEIRT
BERIR (o) BIKFEZ., WRZAETH BIT —#F, X—HK
BRI =R A9 B R

9 BT BB BN BN E TVS —HRENTEE.

VDD
Nw

ELMEME ESD R, MALEEANITS, MUEHRHRZ
RIPFEBEE, BN, BRENRELRE Vo N5 THEEHIE
AT EARR BT Vo
B Voo ZIR TVS ZHRERFEARY, MERE IR
B. AN FERAN, HBRATBELER, bk
USB R XR4AER, SMMITHEE ESDEET TVS HNEFH
£, MMSE VS ZiRE B, REZRIPPBIEPE
A7 H#ERERLN TVS ZHRE, HREBE V2K TIER
TiEHE, BIEIMNBEEEBLER, TVS ZHREMESHFRTF
SiE. EXMERT, BERESERSE TVS ZIRESEHK,
ERABRTIRESIRABNMUEE. B, AR
T, TERESBEEEE NPN-BIT 8 NP &=+ HNSRH
ek, #MSHAYEN. Ft, RERFERTH
.

W

Vss(GND)

Nw
A
An
P
% %Z }
Ca Nw T
| S| | S|
Ca Pw
B 7. CMOS T Z o 5 9 55 H B A FI S5 BEE . TR —REHIX RIS ~£H95 % BIT Hf%.
Diode npn BJT SCR
I A A I A
IPeak 7
VIER | .
: e o dE Snapback Holding
0| Ve v range range
Breakdown
‘ range ler ;V Ihota ™ e ————_ v
~~~~~~~~~~~~~~ 0 » 0o— >
Ve dampVBR Vhotd Vsuitch
B 8 (27 FFEIRE . N-P-N KRR EEE (BIT) TR VI #1125,
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Unidirectional

Bidirectional

VC? clamp Ihold -
b Vhola
Uoc i =" Ich teak " :
: ' : eak : : ; }
C E "1; ------------------ --ICh leak UF i ! UDC V
: ; ; Vcn clamp
I et - Ihotd Vhold
i / Uni-and
:/ bidirectional
----------------------- . Ipeak
B 9. BHEIHI ARG TVS Z1RE VI #1244,
ANP143a | 2025/06/10 6|26

WURTH ELEKTRONIK eiSos

www.we-online.com



Rz F 15 A

ANP143 | TVS Z#RE  BiFNR. e RHN M

3. BT ESEAMBIELNRSE TVS —HRKE

B ERHI ST A A AN R B IE B TR B TR S
WHERP. XEYER, FAIFmaFFEEEm. BT
SESEOMNTVS ZHENAEFRESR, MEEHANE
WESHTL. Af, THRKEENENDBRATEREN
K. EREBK, RKEENLIRES. BRAETHENSE
BEHMERRBERTHIGAMGA, WE—TFR, BIK
BHERNERT R RBE _REBKS TVS E5EH

AR USB 3.1 £ZiBiEAMNKRIESRL, s/ T
WERRASK—NES". B 10 BR T —MF. VI fh
KR AEEEROR (TLP) Akt fTNE, MIKS RHHA
BE Venome NS S _EFHES A XR—FE LASNE S
7k, 7E IEC 62615:2010 e T #lE, FEH B TFIEH
TCHTE ESD ST AIMRE. 1ZARIE 7 WEAEH MM
TEEM%.

TVS ZIREMBERXFLWEGE - RE R EBET.

— & & 0 ST AL R k R 5 -~
(E 3). SREBAEAZESER, HERRAFTREAT
s .
TVS ZHRENHFRE,
04 VDD 03
6 5 4
YN Electrical Properties:
Value
ZX ZX ZX ZX Properties Test conditions o P, e Unit | Tol.
Channel
[ Operating Vo [1/0toGND 5 v
H 2 3 Voltage
GND i
Vot vz 35.&?;“'"‘3 Vo | Vopto GND 6 V[ max,
L. R ) (Reverse)
Transmission Line Pulsing (TLP) Measurement: 5:.?;“!": o Vg | 1/0to GND; lyz=1 mA 6.1 v
18 o o | Voo t0 GND; Vag=Vi Vg0V 5 1 |wd
/ Channel
16 / Leakage Vo VoreVor Vaam OV ! wA
Current o e
l Forward
14 Voltage vy GND to I/0; ;=15 mA 0.7 1 v
/ (Channel) Input 170 to GND
12 Capaci Co Voo=5 V; V6=2.5 V; Vsno=0 V; 1 15 pF
= f=1 MHz
= /
3 Channel to i
c between 170 pins
g 10 ChannelInput | ¢ |y _5\;V,0=2.5 V; V=0 V; F
g / Capacitance s 29 MHz “ 01 02 P
o
by / Channel ESD |EC 61000-4-2 +8 kV/
o 8 Clamping Vi clamp (TLP=16 A) Contact Mode, 13 v
o Voltage ESD 1/0 to GND
/ Channel Surge D@D
i 0
6 ‘c,m't';';'e"g Verciomp SA 6= 8/20 s 78 85 v
/ Polarity Unidirectional
4
2 { =1/0to GND ]|
0 t t
0 2 4 6 8 10 12 14
TLP Voltage [V]
B 10 # TVS ZIREFI—IREHES), FTF 41418, WE-TVS High Speed F3Y, 824015,
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HIE =4 PSR AN TIREX ERL . SEMAEEL M EHR

TEREECANARRNSE. Fit, TRNKMEHRE

SURTARMNEAR, DIAZIFRNESSH, RitthTr
B AT BT, BRARBMNFNBIEME 11 7.

/05

1/0 4 /03

E
B

1 2 3
/01 GND 1/0 2

WE-TVS TVS Diode
Standard Series, 82402305

B 11 E/H TVS ZRE 3.

1104 VDD /03
6 4

J J

VNN N AN
< ] ZE q ’
VN EX N | D
[ [

1/0 1 GND 110 2

4. TUS —iREFEFIE BERNTR B T AL

TOE R TVS ZH&R &M% WE-TVS 824015 U5 =5 A4
FBFER, PURBALLEITTHMINGE . TN AREER

o B 12 BT BEFINRERMESSE.

E 12 TVS ZIREIES WE-TVS 824015 F9253¢ 8 BREIFAIE S5 4,

ANP143a| 2025/06/10
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Voo 1/0 2 170 4 Voo 1/03
5 4 6 5 T
N AN E |j
2 L 1 2 3
1/0 1 GND 1/0 2
GND 170 1
WE-TVS TVS Diode High WE-TVS TVS Diode High
Speed Series, 824011 Speed Series, 824015
Electrical Properties:
Value
Properties Test conditions . Unit | Tol.
min. typ. max.
Channe]
Operating Vo, | 1/0toGND 5 v
Voltage
DC Operating
Voltage Voc Voo to GND 6 V| max.
(Reverse)
Breakdown Vee | 1/0to GND; lge=1 mA 6.1 v
Voltage
Leakage
Current Dcak Voo to GND; Vip=Voc; Veno=0 V 5 pA | max.
Channel
(revers) e
Current e | Vop=Voci Vio=Viri Vo= OV W
Forward
Voltage Ve GND to 1/0; I.=15 mA 0.7 1 Vi
(Channel) Input 1/0 to GND
Capacitance Cer Voo=5 V; V},0=2.5 V/; Vepp=0 V; 1 1.5 pF
f=1 MHz
E:;:::: :rt:put between I/0 pins
Capacitance Ceross ¥=D%=|\5/| '\_‘IZ Vi0=2.5 V; V=0 V; 0.1 0.2 pF
Channgl ESD IEC 61000-4-2 +8 kV
Clamping Ve camp (TLP=16 A) Contact Mode, 13 v
Voltage ESD 1/0 to GND
Channel Surge Vi) G
Clampin 0
Volta';e g Vo | 5A,t,=8/20 s 78 85 v
Polarity Unidirectional
8|26
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4.1 TVS —iRERISHAFFE FNEHAIY . £ 1.5 GHz HIRFRLMNE

WA 1
AERET R TR UHAS IR RS CGHz MEF@RESRATNE, DERBHEX—SEIRE,
TR T A TR AV EN R BB BE AR IR T R 58 R IZ T 14 B A B =
ERMN. ATHEEXENONXEESR —MENLIRERE,

TEARREFENIREPHTER . THEERTNE
HEERFRFRERPEESRNEN, ZEEHEEES
HERENRENIRE., BMNEFETE 13 IrNXREE
12V
o+ Uy T‘”ZV
Trigger
6/ Charge C1 = : : : ;\.:

N Ehhlels
@ _L Reed R1 To scope < bl b bl
1uF | contact 109 4N :

DUT 2]
1 [ B
HHR
+U} 1,5
Active Probe
B 13 FFFHE TVS —REHHMIRE.

Transient Voltage: 20 V, Vert:

1 V/div., Rise Time tr: 806 ps Snapback

i . Transient Voltage: 60 V, Vert: 2 V/div., Rise Time tr: 1,05 ns

.....

Transient Voltage: 60 V, Vert: 9 Lo i e i
2 \//div., Rise Time tr: 1,08 ns

B 14. TVS ZIREEZIRI 17 #5 1
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BRTHEHGSESS, HUMBEERAEELBRATHEE—
B8, B

= B (LA AR C1) MIERTER.

* MEBJRE TVS TR EHBLMART, thibh Rl EX.

» i (GND) FEiR, BIES TVS ZHRE ZE/ER.

AT ERFFARERNER THITHE, EREFERTSR
TR T S 4k 38 (gas-filled REED relay), Fi@ITHEBIE &
XN EFTIES . WELERMNE 14 .

XEHERR TVS ZiREAL 11.2 V B 60 V BB E
(BSBE) FHRSR, HUBEETAEN 59V RS 0—
MR, ZEHEESERTMEBARE NBEE, BERFHNE
EF AR (B 13).

15 BT &5 TVS —HRE S TVS —HRERIMREXLE.

MENXAEERE, ERTREED 8V M, £/~
ERHR, T TVS “ARETE 85 V A RSB, RER
HELQ 58V, 5E 14 R EMLE, AFFHHTERR
Friffk, FULBERBBS T NEEE.,

HERBANAT TVS ZREASGTHSBREEMNE R
RAERIBEEEPRN S~ EHA, X—FLREEE VI
AR IERE, EX—XER, HENREDRE,

+ Uy (60 Voc)
o

Trigger

[of [pu—
1uF

TVS Diode WE-TVSP 824500600
Divider 10:1, 2 V/div.

A 760mV
®: 768mv

Ch1 Sp-§
B4BMY

-1.200000

15 EH TVS —1RE 824500600 5 TVS 3 824015 B9 #F X7 o

ANP143a| 2025/06/10
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LM ARE. § TVS —HRE LNBEEEGTFREZR
RE BERERFELF BSERBRY (B9) .

XEWE, 7 VI #HENE—XE, BRMNgENnsSsEE
BIFEAR, XA RO B, XEKEEEX T
FERETAH, XMIRFTATUEIER, BEETR
NTHEENBT. b, EOEFAARGHMNBEENLE
HRAR, BAHIEEFEEMINXE. Ak, HRITBEET
— B BB EIET ZREERNES, WIXEERN
MELERINE 16 Fror.

TSRO SRR (2.5 A), HAFTAARES LB TFHFR
BHEWREIZE 7.8 V. M 34 mA FrtE, THFFAIRS, #
45 mA EEEFRAIRIE, 7 80 mA ZAFFAMESR
FIEINTERR. M 45 mA FFiE, EFSREI. 7 10 mA
MRS AXE, MERA 20 mA REREEFAFR,
THERETEANBERGIZRE, ZERSTH, BFE
TR . BRIEHIE, RINEENXBUATHMASER,
EBUAFfRE, RIRHTHRIBET. B 17 B 7 SudFas
BORHER. WER, BEPERT—1 3.3 kQ KREE
B, EMiRHAMESEEE 1.5 £ 12 MHz Z 8,

PHITAWETE 2 mA BER, 15 mA RHESHREHEE
N, B 20 mA IHRSHIFLE . HR, B RUKIZPES BIE

To scope
(10:1 Divider)

TVS-Dioden Arrays WE-TVS 824015.
Divider 1:1, 1 V/div.

‘H 200ns ‘A Ch1 & 1.52

T aad
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&%=, EXTHENBERBITHNTEATERS, 1%t
HFRXMFEERET AR ? EEFELT, SEABST
HESH, &5 20 mA NRBERARBSELAT NS,
B, METHRESHLANERE THRSIEEEN
FIBMNT=EHRS. MREAGES LHIFERERKNT
HEEHEST TVS tHNEFEE, XSTHEFRGD.

B 18 HFNHE T XFER. TVS HRENEFEENTIX

TRz A SRS AR

ch2 Sp—Sp
828 o

Ch2 Anstieg
56.60ns

:oomv ‘H wom A chz I a !

100mv - uwom A Chz.r 28

Ch2 Sp-Sp
o .

eg
133. 4"5

v NCI)OMA Cll!l 2 1
ll‘"l“l

lrys: 6.0 mA
: : Trigger

58 58!159
To scope
(10:1 divider)

iy o g 1
B 16 Wi R ES TVS BHEFERT 8 T A4 1472

ANP143a| 2025/06/10 11|26
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* T Max
H !

1 Freq

MHe

jmm 1.00v H200ns ‘A Ch1 £ 434

lrys: 8,0 MA

1 @++320.000ns

lys: 3,0 MA

ChiMax
7.68V.

Freq

e
7.782MHz

oo A v £ S0
lryst 4,5 mA

Chi Freq
3.608MHE

H200ns ‘A Ch1 & S.70V]
++320.000ns.

17, TVS BEHFHIH S5 S BT (Ins) Z [EIHIFR R

e
11-16Mre

Widons A chi £ S0
1+7:320.000ns.
Usign, [rel]

Signal with slow and low voltage transient noise

TVS-Diode Ul chart
v
L A
ﬂ\ /\ signal_peak

u
. _ S
t,[ms]
F
B 18 HEEE AESH/ B THIES.
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4.2 TUS R EREIINESHE

VS ZIRERINEIRAZERIFESEN. AEAXERE
FE, ESHUNRTEAZEM, X2, FRigrFMEMHIE
BHEHBRER. FREFHTRESRGENMMEIINTERR
X, Ay, TXHEFMBITIEHFERHFHNBKES
HEIRIER M, 1ZRBEER 19 FRERRNRTTA.

RIEE 19 A TABERZREARNHFNBENETR, o
IMEE 1/0 1 # 1/0 2 ZEANEAFSBFEZRURT Voo
GND 2 BMRESRE. ATHEHRE EFTHE 20 el
ZH, 1/01 M 1/02 Z[EIMESHERE, HIEAXNRE
SEH. LFEAFEIET USB. HDMI MIMAR{ES, 88

ar C1 WO gt I EREEH#ITEN, MURIPESRERS.
Rl MESRARMEI ZENESHITER, MIENKE.

BRFER C2 ML TR ATRERNEER, oE

REBESIEEE, R2 NAERE, RIEXKEBIREER
RESIEE

BISEEER CH1 #1 CH2 B MNBEMNGES, THELRESR
£ Voo M E KA REBISPEFIBRKE. TINEL, BE
ZEMXRF AL MEN, B2l BT REBENESE
e & 7~ il

TEY, KRESEEMESIRIELA 1.3 Ve W80, B8
HRX—KFH, ZRENREBEDLIE Vo 71 GND (B
wRE) ZiE. B2l RE—EERNANRERT TVS =
MEMEHRERER HEMN. FSEESRERENE
R FEEWE 22 s,

EEHERTRERSE Vo, ERXUALEAEFESBEE Vs

BLTSIE, MIBEMEIE (Vo- Vo) THEE, th
BRRAMN, A5 Ve HIESETEE, RELIR

1/0 4 vDD /03
‘|5 5 4 VDD
. 5 D4 D8
D2 D4 D6 D8 1/0 1 ZIX ZTX
iy I/01and1/02 1 D4
N N
D3 D5 D7 D9 I 1/0 2
3 D5 105
| GND 4
1 2 3 2
/01 GND 1/02 %
VDD
D4 D8 5
1701 \Zm
1 N
D5 D9
1/0 2 GND
3
B 19. TVS Z R EFES) 711818 A1 a7 s
Oscilloscope
QCH1 f ocH2 Power Supply
; ' % VDD 1100 | 0w
Signal Generator 1?8{;': ) Catvanicall itated
OUT Ot e g
(Lo |100kHz a R2 (0..32V

[ Variable voltage level 1702

—o0-V

B 20. BT ERABNAIRNE Voo SHFE BT Voo HIFHFKF.
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REBENTIMERE.
Hmx, HEEHFNEE.

ESEEEX, REEERDMN

FLMERKET HE —RE N _RERHE, ME 23,
TEH, WKLY 08V FRHANIERK, BIRIEE 20, N

RE 22 PREEH#Z, Voo /NT Ve, WA EZRET

MXAET 1.6 Ve IESHETREIES.

Input signal 1,0 V;;,, no Bias voltage
- Input signal = Output signal
2 : 4 7] : BT

Ch1 Freq
99.70kHz

chi sp-sp
106V -

Ch1 - 200mV - 'H2.0045'A Ch1 /-8.00m

£+710.00000 s

Input signal 1,35 Vpp, No Bias voltage

- Beginning output signal distortion
T 3 v v FI :

Chi Freq
100.2kHz

ch1 sp-sp
k- 1.36V

SRS
Cch2Sp-Sp #
E 1.26 vV

1 200mv- - B WPomv TH2.00us A Chi Y

220 00000

B 21. BUATF A5 & & [E A 1= S &0 7B

6V
5V
4V
3V
2V

Vep

1V

oV

qy OV 1V 3V A 5V 6V

-2V
Voo

—\/pp Needed for no distortion
=—Vpp - Vpp — nonlinearity

B 22 (558 FESlEEEERIFREFE R,

ANP143a| 2025/06/10
WURTH ELEKTRONIK eiSos

Compensation of the distortion by
620 mV Bias voltage
i 4 1]

Example of a strong distortion
Input: 2,5 Vp,, no Bias voltage

rec " chi Freq
Soro0ke: 99.81kHz
L Chi sp- - chisp-sp
D e

Lyssd
Sp

Ch2 Sp-
1.88V

20mA
18 mA
16 mA
14 mA
12 mA
10 mA
8mA
6 mA
4 mA
2mA
0OmA

ooV 02V 04V 06V 08V
VF

Ir

10V 12V 1.4V

B 23 H [ —RE ) —RE I,
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4.3 TVS ZHREFREFEIEL MER, BWA 100 kHz =ZfikES, BEEHAS. H=
MBEPH—BENEEZERFN, EREBE Ve.t8
Mg, DEASHEEZRENREE. IT2ERMSE ;&
FEPENERNEOERE, BREEFANER.

TXCEXNAREREFIHITIER, MIEARIIsEM TR A,
SKEERE RN EREEILE 24,

824015 (A) 82400102 (B) 82402305 (C) 824021 (D) 824022 (E)
VCCa
Vees
1701 1ha
1104 Tha 6 MPV2 "?. : \5 \S
Vool arpyq 1703 Voo 1105 /06 /03
6 5
5 4 6 5 4
109 /01 100 1701
1 1
Jg ;E '/22 <« MP4 1102 [¢ mps
= 1uF=— %S 2 X
1 2 {~
GND| 3
T2 3 1 2 3 | Vo1 1102 3 3
/01 GND 1/0 2 /01 GND /02 GND GND
GNDyec GNDyec
< MP1 (yel) < MP2 (bl) <€MP3 (pink)
1k 1kQ 1kQ
Snapback check
GNDS\GNAL H

150 nF < MPx(yyy) - Signal to scope

< MPV1, MPV2 - DC Voltage measurement

B 24, FFHETE TVS ZREHEIIFIL I ERERIETXELE,

ANP143a| 2025/06/10 15|26
WURTH ELEKTRONIK eiSos www.we-online.com



L7 F it B
ANP143 | TVS Z#RE | BREAIR. MRERER B

1.0 0

FBE=MESHRER, It
AESERET

1.5 0

-824015, M 1.3 Vss FFAAER
BTN R
-FrBE 3NEES, M 15V s
TR FFRBRIE,

1.5 3,3

A= NMESIIREE
MRVIBE+SV, 558
Fo[#EE 4 6.3 Vss,

50 50

ESVRBEET, FFE=
MEE7E 5.0 Vss B RTERR
SKE,

50 0

N 4.0ps 62 5MSH
ATl 7 120m¥

16 0nspe €5 Ops

MFIEES, WA
82400102 71 82402305 TJ |}
ERARERENEALTT

#%.

B 25 6] TVS ZRETESIHIESHITLLR (RIEE 24, ZWEES) o
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FE%| 824015 Mk —REMEEHBEFERHES, BN
#2907V TR, YT 2x07 Vs (E 25 hENE 2 1BE) .
REBESGRETRREEFEERBEE, BEIESTRUEM
FRBEEMEEGBE (B 25 FH% 31EE) . 7R 25
HEE—kE S, &%) 824015 NIES®HY (Fefhs) 8
HTHEZHREMNEREE EEEREBENELT, &
SHEWRFIEL 14 Ve, 1K, FEF] 82400102 (H5E2 Hh
%) PHMBEMZREERT Vo, ESHNEEERZRE.
i, f¥EKiBIT GND ZEIRS. 7EFES] 82402305 (£&
fizk) B, EEEASBEIFREFTHEE, mAFENET
5 GND HE 3R HI7E Vro

WE-TVS TVS Diode 824021
Channel ESD clamping
voltage: 10 V typ.

GND
3

1 2
1701 1/0 2

WE-TVS TVS Diode 824022
Channel ESD clamping
voltage: 9 V typ.

GND

3 /
1 5 500mY
170 1 1702

B 26, 1 \EZIRIEINT I BE, TEI BEEAR 24, ZASS
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b.b | PRI A

TEHHONEETRT WD TVS ZHRE M 824021 71 824022
RIMEE (B 24, M) . BEFNBESBEE"S 100 V,
WBISTFEEBEM 1.5 uF BAB/BE ., EFETINERLEE
i, B 26 FRNEERER T HREMEFRY | NEL
FIRIUEE T RS 824022 XX E TVS AR E AYHAI B KK
TH 1V, ATEERRNFTEER, TUEFEELN
TIERIRSS . WA, BANZIREMNTFEE Ve BNERS,
26 E31V 2],

Curs1 Pos

a.12v

Curs2 Pos

267V
vi: !
&:

M20.0ns 25GSks  IT 4.0psipt
A Ch1 s 240mY
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XERMKRPT FEASMERNZT, LR EFESNE &E, BRIERNARS. USB 3.1 EOMEKE
RIERHRBNEEM. TVS —HREXFERRKZTIPE WA 28 Fiw. 55%MH TVS R E TR ABR AT
BARBEIT, XFEAREIAETEIMRE. TENNEEREAESE ERP. BESESRINE, BALHE (NEFBHE)
TR B EETHITH. B 27 B7R7T 824021 5N 815 ISR M E hiE S S,

BEMENMONEER. XENEFTHENN 187V, HAB

EH 74V,

Curs1 Pos
E o d

Curs2 Pos

uoomy_ |

vi: 187V

1 2
1/01 17102

M 100\0‘”’0 IT 4 Ops/pt
A Chl s

WE-TVS TVS Diode 824021

B 27. W E T 5 B /% FUHH I B [E IR EFIER,

5V_Board
USB3.1Port  SoM Jeay oms %
. 100nF 11 IIOR(I"\OUMH? IZulI 110R@ 100MHz
0805 74279221111 74438336012 74279221111
50V c2 DI
47..[ 4.7uF 20V
assommms sswummms 824045810
SGND SGND X1 805
YR :g I GND GND GND
VBUS —gr—t
VBUS ——
VBUS . !
7442335600 C8 100nF_USB3TX P
ssTxp1 22 L= usBITXI P 152_ 2 I_Hi
SSTXn1 A3 =~ USB3TXl N 4.— 3 CT I 100nF_USB3TX N
B11 == USB3RXI N 4e 3 USBIRX N
SSRXp1 EERE — e
SSRxn1 —B19 . === USB3RXI P 1._— 2 USBIRX P
A10 | o - 1% 7442335600
SSRXn2 —203
SSRXp2
sSTXn2 —o2
SSTXp2
AB D2
D+ D3
. AL 824012823 S
GND
GND o 2L
GND D+
ere cor 28 = USBIDI N 4ty 3 USED N
SHA1 cocz —B% == USBIDI P 1 = 2 USB2D P
R2 S —
g:; spur —28 51 1 744232090
SH4 sBuz —B8 0603 90R @ 100MHz
GND
USB-C Receptacle
SGND P
D4
824012821 2
28 USB 3.1 #O0BHA.,
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29 B7RT TVS ZIREMIIKEMNHE. BINTESHE
2, HhZEEIEREE] SOND X4, IR TTEEMNhL
EHE.

XEM SGND 25 &R, A 29 ZMFT7R. USB =4l
Bt FHRR L2, L3 L5 2fF, 2'GND", SGND #0
GND zZjai@idF 28 Z L fBAI R21 - R26 FIE 29 4y R1.

C19. C44 #EE., HEMKAIESHS%1%1T RD016 F1 RD022,

TMEMER ETH,

4.5 § % N FF1 BB

TXXHER T TVS 4R EM TVS iR SRS NSy AR,
HAENRFAEINE T AREEE, DUEEShEGTH
b A,

4,5.1 B BEAA GBS BERPIEE

TVS ZHEEMTEETATREZEE, LitE EMC X
X EHB@RSTFERESEEE SEMNTBEE.

4,5.1.1 FiEE R ENRIPEIE

30 FMEEERT a8 LRSI EEANIDBEIE.

=== USB3TX1 P 1o
== USB3TXI N 4 =

== USB3RXI N _4e
=== USB3RXI P 1 =

1
1701

D3
824012823

B 29 TVS Z#REX£H9 USB 3.1 O 7% /F.
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2
1702

L]

4

&

Xm
L

B 30 TVS ZiRE FHFIRIPH L —IRE

WE TVS Z#k%E D1 TR R ZIRE D2-D4 RZRASE
SEEENZN, ERLERSTEERZIRE. BF
2 Cl TR BREENEMBRSEEE, M TVS ZREN
o] SE B M BOP B AR RIS T B E. EIXBEEPES
FAEOBERENERFENRT ZRE, FEAXERE
BEHBETRENERARE@ERE. CL BENTE S5 - 10 nF
Z 8, TVS ZREMHMNEEXIETEFEZRENS
AREHEE,

WE-TVS TVS Diode — Super
Speed Series, 824012823

GND

Attached directly into the signal
path, shortest connection to
SGND (chassis ground).
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4.5.1.2 B E R A\ BRI — R E R EAFUE TS DC-DC BEIBHBA L
NN e FEIANEE. EIERE L13AREM, C109/C2 iTiEL,

B 31 B ERT D ERE AR RS R R

- = MO B TR AR AR E . [ 31 R T R

wmE. TRUERES], TVS ZREEEE TEOBAR,
EHRIERENRMN, TVS Z4RE D22, D29 FMIRKER H@ HAZ EABE L DEEEASEBEAE L,
#% Cl06. C107 S5SM5T#H (SCGND) HE. ®BSH R LESRERNER. NETRELEE, E5HSE
824520241 19 TVS “REMEFBEN 281V, TREIFE 83+ RD041, ZRIF T WE BRI T T .
AHIMNE ST B E. XEBRRSERIMEETE L13 Y
R ARE CL08 f1 C109 —i2, EENBAE (X4/1
X4/2) EAgRE T BLRIK AR o WA TVS Z4&E D1 TJBR&IZ 5
WEE, HUERMTE—KIBEP B RARNTTXE
fEBliE,

Top side

WURTH

ELEKTRONIK
MORE THAN
YOU EXPECT

C106
10nF

T 0603 24V IN
100V

€97 L3 lcm
_L_100F B 100F
T 0603 . 0603
100¢ W 1007

C107 C108 C109 GND
——10nF ——10nF 10nF

0603 0603 0603
100V 100V 100V

X4

;
2

691502710002

Screw Terminal / 2P

DCinput

‘:?E[
g
g8

5

Ex

=
} D22
£24520241
4V

824541331

D1

824520241

S 2V

D29

B 31. B BBAGHIRY
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4.5.1.3 FERBB AR —RERHAEES 103V, MEEQARDE>1F, %
B2 RSN R R G OIRE. N Ry 2T ERRERE B IR
sTEE A ATNERG Y, AR BB SR WEE, W RE—TH

B [E TVS ZIRERRE C1 | REA—DNEHRRE 4,
N ERiS B A S B E AR A IE AR AN .
WE TVS ZiRE T BREIXT E i (S_.GND, M%) BUBESE
&, FEHENtIEHETHNSEER,

o
b1 RS
824501600 A
7 R6
10K0
S GND
RS
100
p———  BrideeA ——4
Pi
“ 20k
1 R9
P M
RI10
IC1B 10K0
c1 S GND LM324
==150nF 6
T ; RI1
BridgeB 3 4.7k
o RI12
10K0
R13 D2
M 824501600
- S GND
[ SGND —9
SGND S GND
32 1EREAE BN iR BRI 1B
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4.5.2 HDMI 32 O (3R P35

HOMI EORYSFZEFEENEEDBD. ATERARE
HhFEAR HDMI 32 O A9 ESD #RARBE, #lER AN EXEES
FHNERTUR, RENSIMEZERS, DURS ESD i,

HREBMESKRE, %HEEDO. D1. D2 CLK AR
ABEITICED, FAF ESD R4 TVS ZHRELMEFERELN
FLEER,

TVS “HREESHFRIPEB B UER _RESELREZEH
KRR TTRERE, MRERD BRI A B EENT M,
FAH4LBNE £ BB ESD RIPE B HA S FIGINER
SN ERE. B 33 BR 7 BE ESD RIFTISEAY HDMI &

SEO,

ML/:INJ
:JYV“J 1/08 /07 1/06 1/05
7 6
DA1
L1-L&: WE-CNSW HF SMT Common Mode Line Filter
5 7442335600
4
1/03 1704 L5-L8: WE-CBF SMT EMI Suppression Ferrite Bead
7427927112
DA1: WE-TVS TVS Diode — Super Speed Series
824014883
DA2: WE-TVS Diode - High Speed Series
82400102
Voo DA3 DA3: WE-TVS Diode - High Speed Series
4 8240026
1 LT
= GND
2
HDMI- 1701 17102 1102
Controller
HDMI 1.3/1.4 —
HDMI-
Interface

& 33 # ESD 1RIFTIEERT HOMI B85 72 0 B BEE,
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H1t47E DDC_SDA 1 DDC_SCL %:3& th{s A A i hn — 4R &
B TVS BEFI (DA2) ? 2058 HDMI %% 3] HDMI ES8

(WE 34) , HESEXAN (B34 /) , HEbsdtT
BaRS, NE @B ESIRE TVS ZARE RS RIP

“HREEE—LIRERRE. WE 34 Fra, TVS ZiREE
5| 82400102 EXEFX—a@#, FBITLE -—IRERFRF
TIRE KRB AP X — (8,

Device Power ON

5. Z5R1E

7K Appnote FEIN AT TVS ZHRENME. THEREMNE
XTSRS, ERAPBREETXLES T
S5, DEXIAFNBSEERP. it BB
EFRITERGR, UEFERNXT TVS ZiRENTIE
ERREN, RKERBNTAT Za0{e E#ERX LT,

Device Power OFF

HDMI- HDMI-
Interface Interface
GND =
GND DDC_SDA
,,,,,,,,,,,,,,, bpbescL
OFF=0V ypp?
DDC_SDA = TVS array without
backdrive protection
DDC_SCL diode
CEC
HPD

HDMI-Controller

HDMI 1.3/14

ST LT B 58

[ 34. HDM/ # 0 F & &4,
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TVS array withbackdrive protection diode:
WE-TVS TVS Diode - High Speed Series
82400102
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IMPORTANT NOTICE

The Application Note is based on our knowledge and experience of
typical requirements concerning these areas. It serves as general
guidance and should not be construed as a commitment for the
suitability for customer applications by W(rth Elektronik eiSos GmbH
& Co. KG. The information in the Application Note is subject to change
without notice. This document and parts thereof must not be
reproduced or copied without written permission, and contents
thereof must not be imparted to a third party nor be used for any
unauthorized purpose.

Wirth Elektronik eiSos GmbH & Co. KG and its subsidiaries and
affiliates (WE) are not liable for application assistance of any kind.
Customers may use WE's assistance and product recommendations
for their applications and design. The responsibility for the applicability
and use of WE Products in a particular customer design is always
solely within the authority of the customer. Due to this fact it is up to
the customer to evaluate and investigate, where appropriate, and
decide whether the device with the specific product characteristics
described in the product specification is valid and suitable for the
respective customer application or not.

The technical specifications are stated in the current data sheet of the
products. Therefore the customers shall use the data sheets and are
cautioned to verify that data sheets are current. The current data
sheets can be downloaded at www.we-online.com. Customers shall
strictly observe any product-specific notes, cautions and warnings.
WE reserves the right to make corrections, modifications,
enhancements, improvements, and other changes to its products and
services.

WE DOES NOT WARRANT OR REPRESENT THAT ANY LICENSE,

USEFUL LINKS

i?i) Application Notes

www.we-online.com/appnotes

REDEXPERT Design Platform
www.we-online.com/redexpert

Toolbox
www.we-online.com/toolbox

Product Catalog
www.we-online.com/products
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EITHER EXPRESS OR IMPLIED, IS GRANTED UNDER ANY PATENT
RIGHT, COPYRIGHT, MASK WORK RIGHT, OR OTHER INTELLECTUAL
PROPERTY RIGHT RELATING TO ANY COMBINATION, MACHINE, OR
PROCESS IN WHICH WE PRODUCTS OR SERVICES ARE USED.
INFORMATION PUBLISHED BY WE REGARDING THIRD-PARTY
PRODUCTS OR SERVICES DOES NOT CONSTITUTE A LICENSE FROM
WE TO USE SUCH PRODUCTS OR SERVICES OR A WARRANTY OR
ENDORSEMENT THEREOF.

WE products are not authorized for use in safety-critical applications,
or where a failure of the product is reasonably expected to cause
severe personal injury or death. Moreover, WE products are neither
designed nor intended for use in areas such as military, aerospace,
aviation, nuclear control, submarine, transportation (automotive
control, train control, ship control), transportation signal, disaster
prevention, medical, public information network etc. Customers shall
inform WE about the intent of such usage before design-in stage. In
certain customer applications requiring a very high level of safety and
in which the malfunction or failure of an electronic component could
endanger human life or health, customers must ensure that they have
all necessary expertise in the safety and regulatory ramifications of
their applications. Customers acknowledge and agree that they are
solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of WE products
in such safety-critical applications, notwithstanding any applications-
related information or support that may be provided by WE.
CUSTOMERS SHALL INDEMNIFY WE AGAINST ANY DAMAGES
ARISING OUT OF THE USE OF WE PRODUCTS IN SUCH SAFETY-
CRITICAL APPLICATION.

CONTACT INFORMATION

appnotes@we-online.com
Tel. +49 7942 945 -0

Wiirth Elektronik eiSos GmbH & Co. KG
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