U MICRO D

TRANSIENT VOLTAGE SUPPRESSOR
(TVS) Diode PRESENTATION

BESF TR LTI PP

/

e High protection on sensitive mobile electronic devices
(A BRI e T MY ] 485 L )

e Follow strictly to the IEC 61000-4-2 ESD test standard
(R S 38 1 1EC [ s i AL il bR 7D

eUsing the behavior of diode P/N junction to achieve
ESD protection

O B8 PN THT R P Rk 21 g L DR 37 S BE) )




U mllcunlﬂ D Creating a Diode
_ W?’fp@ﬁ?ﬂi@
e Silicon and Germanium are used as the main element in

semiconductors. (W% & R 2B P2 S AR i ) BB =W . )

e A pure silicon crystal by itself, does not allow any electric current to
pass through it. Silicon is considered a semi-conductor. This is because
It can carry an electrical charge under special condition.

(A B b AR A e AT HLE), REERIRAITE DL T AR5 HL, DRy 5RR
PIESSREN)
e We can change the behavior of a pure silicon crystal by doping it.

CAZERY B A AR AL E AN GRS AE i, B AR i iR . )

e When phosphorus or arsenic is added, N-type silicon is formed.

(UM ERAH A ALY (1) i ARV IRAE 2, B AR HN-type ) 4. )

e When boron or gallium is added, P-type silicon is formed.

GUAN LB AAEY (1) f ARV AE 2, B XA P-type ) T4 )

» By putting an N-type silicon and a P-type silicon together, a diode is ,
formed. (Y [KIN-type FITY [RIP-type 4 i & 45—, st Ae s e - )



U MICRO D

Behavior of a Diode
~ W%‘fgffﬁ 4
e A diode allows current to flow in one direction but not the other

(AR FoAT i pm) 3 R AR

Reverse-biased (J [ Hi¥i) Forward -biased (i [i1] Hi. i)
DIODE DIODE
P-TYPE P-TYPE
Hole Electron Hole Electron
P-N junction P-N junction
| |
M ©f o e
Battery Battery
When the P-type of the diode is When the P-type of the diode is
connected to the —ve terminal of connected to the +ve terminal of
the battery, current does not flow. the battery, current flows.
(R HIP-type e 2 DL, K (R B P-type % 21 I LR, 4k

B, WA . ) S, HHEmR. )



UMD Graph on Diode’s Behavior

B e {EICES

Breakdown Voltage -
9 |, Forward- biased

(5L IE) Wi 1 Hasi)
We make use of the Vbr
diode’s Reverse l J/—i Voltage
Breakdown Voltage to l 10-100 pA 0.7v
reach our transient

Reverse- biased

(B IA) FLYL)

voltage protection
purpose.

(FRATIA Y A5 e 1)
It LS FR) AR A A 38 1
A IR A)

* When forward-biased, there is a small amount of voltage, about 0.7 volts, to get
the diode going.
(AR ) Ay b, 7220 7v bl B LR A RE Tl . )

Current

» When reverse-biased, a real diode is not able to block all current. It lets about 10-

100uA through. If enough reverse voltage is applied, the P/N junction breaks down
and lets current through.

(ARAE AT S ) FL b, PANGS 4T M2l b B4 Hiit, 47 10-100pA F ¥ L FE .
A IR S 0] LR INAEP/NZS T I, W0~ AE i voe, FIm S 38 . )
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U ,,,l,vmlu D Avalanche Breakdown Diode

ST

A conventional solid-state diode will not let current flow if reverse-biased
(up to a breakdown voltage). By exceeding the breakdown voltage a
conventional diode is destroyed in the breakdown due to excess current and
overheating.

(FL GE 1) WA S i) LU b, PRI MR il e AT A2 8 114 e ) P s, G E A
R, B S . )

An Avalanche Breakdown Diode exhibits almost the same properties,
except the device is especially designed so as to have a greatly reduced
breakdown voltage. A reverse-biased Avalanche Breakdown Diode will allow
a current to flow through at a controlled breakdown and keep the voltage
across it at the clamping voltage.

(55 7R —ARCE AR G AR A AR T e U 3 0 0t R R B T
HL s ESRS RO B BRI o =5 3 i It — AR AE S Il FAL b, IR 1 i ot FBUS )
e 1k PRI Sl i AN o 27 O HLREFE S o 30 ok )



U WlD Example on Clamping a Transient Voltage

FI IS P oy

Transient Voltage Clam [
re ped Transient
(BESTRER) (i HE )
< NG

+ o
g_ﬁ}ffég%f urrent TVS (5 jf 5 Protected Load
. x AR (1)
+

———— Ground (¥ Fii)

e The TVS avalanche breakdown diode is connected in a reverse-biased way
in the circuit.

(7 i b — AR 2 A s F ) O 2, e 2 o )

e At normal operating voltage, the TVS diode is inactive, like an open circuit.
Only when a transient appears, the TVS diode becomes active and clamping
it to a certain level.

(5 i i ot — B8P IR AN TTARRY o U AEBES U HEAIN, 55 5 i it — s
PR TR TEAE, A8 F A B E A K )



U mwmlU D What are Transient Voltages

T RS T,

e These are faults which cause the voltage to go outside normal limits for a
period of time. Transient voltages are characterized by three things: Very
High Voltage, Occur For A Very Short Period of time (in hanoseconds)
and High Occurrence. Many transients cause damage to micro
semiconductor chipsets by degrading their performance. This damage is
cumulative and eventually reaches a point where sudden and complete
failure of the component results. Moreover, some transients are capable of
causing immediate equipment failures. Equipment failures caused by
transients are hard to detect and are often incorrectly blamed on other
‘perceived’ causes. Micro semiconductor chipsets damaged by transients
often require sophisticated instrument to replace them which make them
expensive to repair. The only cure is to clamp transients to a safe level where
the protected load can withstand.

éﬁﬁ%&%ﬁ:%iﬁ%ﬁ%i%ﬁ% FL S R — e @ﬁgwﬁg TR IO £

)

RGBS 0 dis - 95 RS 7 = ML, RIS, UK. A Ik
%%@%%%@@5%%,%ﬁﬁ%@%%gﬁéﬁgmﬁfﬁﬁ%%ﬁwﬁ
HUTE BRI T AE 3 2, BT DRSS 92— R I e et o B3 R
U AR A R IR ) T4, ] DU IERI AT . TR A . WA HITE
222 )a, ‘B RE A B T, %, HEZ IR BERRRZE 40 0 7 i
P AT D P TR A5 S B35 e DL JEE i DR e e
NN BN R S A N B e - i
KA, R, S T R (R ST
TV ST A Tk BB e P R AR K 2 A K )



UMD  Transient Voltages Caused By

Electrostatic Discharge (ESD)
R TR Ry [N S

What is ESD ({4 it Hi):

When two different materials are rubbed together, one gives up electrons
and becomes positively charged while the other gathers them and becomes
negatively charged. Static electricity is a non-moving electrical charge on an
object. Given a chance, the object will give up its charge to be neutral again.

This charge release is ESD.

CA PRI AN R B o e A R4, A —— SR RO 1~ A o 1 FL A AR, 1T 57
— IR B B e i R (AR o 2 e R A G 33X e A HL AT I
Jo ) XL oAU AT ey R AR R TR HS 25 DR T AR i . )

ESD have steep rise times.

(i PR S T R AR R, e T EAE R 3 2 — B0 A 58 ezt e BT AR B )

Though the total energy released from ESD is minimal, the peak is easily
capable of damaging semiconductor chip.

(HARS F T IBCET I RE B AN K, W] e AU m) UK~ A i pledi 3 )



U ml\lmlU D ESD Current Waveform Standardized

100% —
0% —

By EN-61000-4-2
EN-61000-4-2f= & | “'Ei’vﬁ%f}ﬁrjw%[g%

Voltage

—

U7

10% —
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Time



U ,,,l,vmlu D The Need to Protect Mobile Devices against

Electrostatic Discharge (ESD)
[ s o e = A R B

The nerves in a human hand can feel a static discharge from a
range of 2,000 - 3,000 V. However it only requires 30 V of ESD to
damage some of the extremely small parts and traces within today's
ICs.

(J\Hﬁ%ﬁﬂééﬁﬁ & 17 B R e 2 Y 72,000V 4 3,000V, 1 48 HAE 30y
Eﬁﬁ%EﬁEﬁfﬁ'}uEWmiﬁﬁ'T@ﬁﬁﬁ’ﬁ g 4. 1C. )

It is very common to employ some form of a Field Effect Transistor
(FET) in many types of efficient/miniature RF amplifiers in today’s
mobile devices. FET is very susceptible to ESD damage due to the
very thin layer of silicon dioxide (SiO2) also known as silica, which
uses as the gate insulator. The thickness of SiO2 gate insulator layer
within the semiconductor has been reduced because of the required
downsizing of semiconductor package.

(FET/C R 2B T, 12 B0 TP QIR IR, e nT LA B AL I SR i)
RIFIIL . IAE A R 35 5K v o L, TR A8 o AR b L JERET v -3k o 2k Hi AR
SN IE L, TELTIL 2 0 52 SUBSD IR 37 o Jot B A F SRR R 10
/N, B R R A 2 Or %FEI’J’%MM&&EE%’E&?T )



U mllvm! D Using TVS diode to Protect a Typical

Mobile Phone
s Fl V7, 4 - - Sps4 )Z_‘ DL
S | e o) | o i A e A T
Voltage
; Transient Peak (A U U6 {D)
+20V FET Failure Threshold (FET7& %7 fx A H R A{H)
+98y |------ ~JVS Clamping Voltage (HlifH1 &)
+3.9-4.2v j Normal Operating Voltage (iF# T Hi )
Time

e Typical mobile phones use operating voltages between 3.2v and 4.2v. For example,
the FET in RF circuit in a mobile phone is able to withstand a maximum of 20v. When
a transient appears, the transient peak is much higher than the maximum voltage the
FET can withstand. Causing the FET to breakdown. B
CRAEA FHU CAF LSS, 2v 4. 2ve QR THLER [ AFET Jr 57K 52 1) 55 K HL M /2 20v,
T 24 B 24 B TR AR R I, FE S ) e e g ELFET BT g 7K 52 1 FEL TS K V22, FET#E R 3R . )

e By selecting one of our UMD TVS diode (U/B02CSP05B), is able to clamp the
transient voltage to a safe level, at 9.8v, which the FET is able to withstand. 11
Z<1 %{Jiﬂél%n TVS:)W%(U/BOZCSPOSB),%‘ETEH%?%}EE,E?fﬂﬁ%UE—/I\FETﬁEﬂ%‘:E‘Jfti‘ﬂﬂg,
I 9. 8V,



U mllu(nlu D TVS diode Uni-Directional Protection

RS I R i

Transient Voltage (I#74 H)E)

——

Line Signal Polarity (Z&15 5tk k)

Positive.+ve (IEARAE)

VIN @
GV N

|1--!..'

Transient Current

(BEZFEIR)

TVS diode

® \/OUT
(FEL s B )

(5 25 L L 0 1) — AR )

1

Ground (1) 12



U MICRO D

b (g1 [

ACurrent (FE7R)

(B AW AEL FEL L) |pp g - - = oo

Uni-Directional Protection Graph

R R L Voltage s E)

|
0.7V!

Vwm

11
Vbr Vc

(RIS P )i ¥t PP ) (01 PR )

Y.

|/

Sy 1

Symbol (£75)

13



U mwmlU D TVS diode Bi-Directional Protection

B I A 3y e
Transient Voltage (B HLE)

Line Signal Polarity (Z&1{5 5tk k)

Positive +ve or Negative —ve (IE#E) B (S 1)
VIN @ @® \/OUT

(i) 1L _;J (ML )

Transient Current

From +ve ESD TVS diode
(B HIR) (BEAH EHIH =R E)

Transient Current

From -ve ESD
t |2

(BEA )
[ ® I ®
—— Ground (#3ih) 14




U MICRO D

Bi-Directional Protection Graph
Tl Y

Ipp

(FHIEER) (B rEER) (R4S L)
Vi: \I/br \Ilwm [t =

Current (FL%i)
(B A5 V(B FEL L)

(R 5t HL s 2 DA L)

-- Voltage (H.JE)

It
(A T H T 2 00 FL )

| (I A Ve (L HAR) lpp

o |

(AT ASZ L) [Vwm

i >
Vbr Vc

(Jr 5 Fi H) (3 ) L s )

Sy 1

Symbol (15 %)

15



uiD TVS diode Electrical Parameters
E%r',ﬁIO\FLTF ﬂ]ﬁrﬂ ;FBF[ ﬁlwéwﬁr

e [Vwm] Reverse Stand-off Voltage (7] &2 [¥) j [r] HiJE)

This is the maximum voltage that the TVS can withstand, TVS diode in an inactive
mode. To ensure maximum protection, the Vrwm should be as close to the operating
voltage as possible, and it must be higher than the normal operating voltage. If not,
tﬂe TVS diode will clamp the operating voltage non-stop and interfere the working of
the circuit.

(FE U Bl 2 FRL I AT 1) — B g AN 3l 2 RS ermﬂxﬁﬁﬁﬁ’\EEEE%H’JE%Iﬂ’E s,

7 A T A /\T Iiﬁfééiz i i T T {EVrwm{h 23 E LS (70 1 1
CAERTRHAL, XA A /\f I 4 P P 0 AR 1A L e A e i e )

e [Vbr] Reverse Breakdown Voltage () [f) i it FL ) _ _
This is the minimum voltage that will set the TVS diode working, where the transient
voltage is clamped to a certain level and the transient current is directed to the

round.

W A FEL S R Vo, I 2 LS A A (57 A o AT I A R R IR S AN IOT, Sl
Hﬁ‘:ﬁ;%flb ARG HE LS 4, L A PRI o A T 0 B85 3 T, 30T
Jeft

 [Ir] Reverse Leakage Current (x[iHHM) o _
TVS diode is connected in a reverse-biased way in the circuit and it lets about 10-
100pA leaka e current throu

h.
Hyzm EEFHFIJ TRRE R LB ey LI g OGRSt b, — B AT 10-100pAIK S )

HELY



U MICRO D

[Vc] TVS diode Clamping Voltage ([ F s i) — B il F )
Clamping voltage is the amount of voltage a suppressor permits to pass
through it to the attached load during a transient event. It is also a
performance measurement of a suppressor‘s ability to attenuate a transient.
Ve must not be higher than the voltage the protected load can withstand, if
not the é:)rotected load will be damaged. The lower the better.

vcn:f (LI A F s oy N A9 e Y“ R e ey i . Vcﬂjnzﬁﬁ Kl
Eﬁyfm H, s A *& TLEA % 2 H T I g ﬁ AE. Vo I BE QA Bl A B 1
A A S T PR FE s U”le:ﬁ:f@ll WA o Vel & AR 2 /N )

[Cj] TVS diode Junction Capacitance (5% B 5] — A% B 1) B2 1H)
During high frequency data and signal transmission, TVS dlode S
capacitance will tend to affect the overall flow in the circuit. There maybe
be noise or loss of signal. For high frequency transmission like USB2.0 and
Firewire, TVS diode’s capacitance should not be higher than 10pF. For low
frequenc transmission, TVS diode’s capacitance can be 100pF and above.
gb‘%&? J T T e R A PR Eﬁfe}%ﬁ L I T
XY ﬂsgaﬂzﬁmﬂﬁéﬁ[; @ﬁﬂﬁ%i\m%&ﬁﬁﬁn&m .0,1394,i;
ﬁﬁ%*TEEEﬁ%*{EHﬁ/_EﬁEﬁH%J BT A M AS KA L00F . 10T H 2 SR AR
ey R, PR AR ) 7y 12 100pF - )
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U‘MB UMD TVS diode Packages

UMDIES 1 £~ A 77 e

1.) Chip Scale Package (%% i i - 1 204 ) 25%)
e UBO2CSP05B, BO2CSP0O5B
e UB02CSP08B, BO2CSP0O8B
e UBO2CSP12B, BO2CSP12B
e UBO6CSP05B, BO6CSP0O5B

2.) SOT-23 Package (SOT23 3it3%)

e UMDO5B

e UMD12B

e UMD24B

e UMDOS5L [Low capacitance, 1% HL 2]

3.) SO-16 Package (SO-16 %)
e UMDSO16LC 05B

4.) SC-79 Package (SC-79 #}#%)
« UMDG6.8B

5.) SO-14 Package (SO-14 #%%) — NEW
e UMDAO5B-8



U MICRO D TVS diode Chlp Scale PaCkage

0402 Chip Scale Package
Size: 0.039 inch * 0.019 inch

(A FX: 0.0399:~]*0.0199:~])

= Bi-directional single line protection

(L E 1A fR™)

e ESD protection > 25kv
(Ff L OR3P HEIL 21 25kv)

e Working voltage Sv, 8v,12v
(AT 7= Bv, 8v,12v)

e Low Clamping voltage

(1A HE )

19



U MICRO D

Single Line, 0402, SMD, Bi-Directional
0402- %’;—@W[ﬁ“’ﬁi#[

Line to be pmte-:ted‘

Signal Polanty: POSITIVE or
NEGATIVE (+ve / -ve]

CEORT 1) £ 4)

iy

(Zepgfa et IR IE B2 k)

B0O2CSPXXB
UB02CSPXXB

— Ground (BHh)

20



U

MD TVS diode Chip Scale Package

0

M FTR I P AR L PR

406 Chip Scale Package
Size: 0.039 inch * 0.059 inch

(fA#: 0.0395% ) *0.0595% +)

Bi-directional five lines protection

(525 2 X 1] PR3

ESD protection > 25kv
(i FL DR 7 g 1A 31 25kv)

Working voltage: 5v
(RA 7= 5v)

Low Clamping voltage

(TP L)

21



Uml,vm!D Five Lines, 0406, SMD, Bi-Directional

04067 & 2557 [f1] (1

Line to be protected (1) (FE{RL 41 fK)24 %)

Line to be protected (2) (R34 [ 2k 1)

Line to be protected (3) (FARPHIZE 1K)

BOBCSPXXB
VA UBOBCSPXXB

Line to be protected (4) (FARLH 1) )
Line to be protected (5) ({4 [ $E %)

For ALL Lines

Signal Polarity:

POSITIVE or
NEGATIVE (+ve [ -ve)

Mote: Any of the TWVS (/£ [ TVS —

diode can be set as

Ground *&%%ﬁﬁ%*ﬁfﬂ)

BBl DAL IEARME 3% Subh)

— Ground (%T(Z[iﬂ_j,)

22



U mw,m! D Chip Scale Package Applications

Bt PR ]

Antenna ESD protection

(REF HLRY)

Earphone ESD protection
(B-LEf R AR

Sim Card ESD protection

Lithium Battery ESD protection (HE&# B AP

(B e B Jth B L AR )

Keypad ESD protection
(B X F AR YP)

Microphone ESD protection v—c Edge Connector ESD protection
(32 7 R LA 3) — (5 ¥ LR

23



UMD Chip Scale Package Applications

B B

Wireless Module ESD protection
(oL R AR Y) |

Earphone ESD protection
(B ARYP)

Memory Card ESD protection
(efZ-RE R LRY)

Lithium Battery ESD protection

Edge Connector ESD protection (4 H, E b )

(BRgk s O s D)

24



UMD TVS diode SOT-23 Package

BESFTE I P2 37 SOT-23F %

SOT-23 Package
e Size: min 0.1102 inch * 0.0830 inch,
max 0.1197 inch * 0.0984 inch
(RFA 7y 0. 1102758~ 30. 08302~}
oK 0. 119795~]%0. 0984 5+~])

e Bi-directional single line or 3
Unidirectional two lines protection
(L4 Z A ) DR B2 45 25 5. 1) PR 3F)

e ESD protection > 40kv
(Fﬁj P17 = 5540k )

e Working voltage: 5v, 12v,24v
(LA =5 5v, 12v, 24v)
25



U MICRO D

Two Lines, SOT-23, SMD, Unidirectional

SOT-23~ X841 [] {4

Line to be protected (1) (BRI e %)

[1]

Line to be protected (2) (EARY" L)

[2]

1 131

UMDXXB

Signal Polarity:
POSITIVE (+ve)

(LRt 5 e TERR )

1

— Ground (:J:f(ﬂij‘)

26



UWlD Single Line, SOT-23, SMD, Bi-Directional

'( SOT-23 2857 [f ("

Line to be protected (ZL{R4 104 %)

] [1]
L
Mot used SUMII:JF?(IX%
\ T ignal Polarity:
() [3] POSITIVE or
Lr:;l NEGATIVE (+ve / -ve)
L [2] | (Lol Bpedt (ERRME 5 SuditE)

— Ground (EHh)

27



U mw,mlU D Solution to achieve Low Capacitance TVS

B (SIS TR I A S A

e In high speed data transmission applications, the extra capacitance introduced
by protection devices needs to be kept to a minimum in order to not “load
down” the line. The junction capacitance of low voltage TVS devices, however,
IS relatively large.

O Pt 505 A P T 28 P IS A0 AR A e ) P A SR, ANIR2ox i
B BT e 1) AU A PRI FE s )W A P 1 ) — AR 1) rL AR I e )

e Low capacitance TVS devices can be achieved by placing a low-capacitance
regular diode (D2) in series but opposite in polarity with a TVS diode (D1)

CEE AR B A H S AR — A B IO vt 2 B A — A A R — ).
WK, )

28



U ,,,l,vmlu D Low Capacitance TVS diagram

WSS PR A A TS EA o e

e The total capacitance of two capacitances

in series will be as per the following

equation: (AHIE )5 AT T) *rf{:&;g'; "
C(total) = C1 * C2 Suppressor

(C1 + C2)
Example (#1): TVS (C1)= 100PF

Diode (C2)= 5PF D2

C(total) = 100*5

100+5

= 4.7/6PF

29



UMB TVS diode SOT-23 Low Capacitance Package

MICRO
BRI A ATSOT-23(5 1 i

SOT-23 Low Capacitance Package
e Size: min 0.1102 inch * 0.0830 inch,
max 0.1197 inch * 0.0984 inch
(RFR B/ 0. 110255~)%0. 08307~
Bk 0. 119795~%0. 09845 ~]")

e Bi-directional two lines protection
(2280 ) ER)

e Low capacitance for high speed interfaces 3
(1% F AL, 3 R A /L v Bl 3% )

» Working voltage: 5v
A T=dh: 5v)

30



U MICRO D

Two Lines, SOT-23 Low Capacitance,

SMD, Bi-directional
SOT-23 l'f;EFLT?*,' i RS [

Line to be protected (BRI A2 )

2]

1] 1 N
™~ v UMDOSL
[3] Signal Polarity:
Bl POSITIVE or
NEGATIVE (+ve [ -ve)

/N

>
2] - 1] (L (s S
| EARPE B iRRiE)

NOTE: There are two SOT23 TVS diodes here — .
‘ ‘ — Ground ($2h
(G FEEPIASOT-23: 71 4% I) (£ith)

31



UMD TVS diode SO-16 Package
ES PR LTI P HTSO-16174

SO 16 Package
Size: min 0.386 inch * 0.230 inch,
max 0.394 inch * 0.244 inch
(FRFR: B/ 0. 3865E~] 0. 2308 ~]
K 0. 39405 ~] %0, 24455~])

e Bi-directional eight lines protection 16 15 14 13 12 T
(84 LW M {RH)

e Low capacitance for high speed Interfaces i;
(1 FEL A, 08 S 29 / L i A i)

e Working voltage: 5v 12 3 4 5 6 7
(AT~ bv)



U MICRO D

Eight Lines, SO-16, SMD, Bi-Directional
SO-16/" X877 fF‘J iRk

1)

2)

3)

4)

6)

S —

(raiaias

:

S

.

= Ground ($%1h)

7)

(
(
(
(
(2)
(
(
(8)

(ELLRPP I 2% 1-8)
Lines to be
protected (1-8)

For ALL Lines

Signal Polarity:
POSITIVE or
NEGATIVE (+ve [ -ve)

(B fs o bt
AR Bl AR AE)

UMD16LCXXB

33



Us:D SOT23&S0-16 Package Applications
SOT23#1SO-16 FHfHEr 1]

Video port ESD protection
Cache ESD protection (27K D fRY)

Gz TSP 11 A

L F J
N IR
¥ L

RS232 port ESD protection
(RS232% H E# FL{RH)

(LA o 35 11 i FELOR )

Firewire port ESD protection

USB2.0 port ESD protection ‘
(13943 DI FHLLRY)

(USB2.035 I # F A2 )

34



U MICRD D ' _
TVS diode SC-79 Package
BRI A2 SC-TOfR:
SC-79 Package

e Low Clamping voltage

(TR L)

e Bi-directional single line protection

(152 XL A R 3)

e ESD protection > 40kv 1
(H%Eaﬂ%ip &1k 51 40kv)

= Working voltage 6.8v
(FLA Tl 6.8v)

35



UMD Single Line, SC-79, SMD, Bi-Directional

SC-79~ % 2877 [ry {1

(LRI B i) Signal Polanty: POSITIVE or
Line to be prﬂtEEtEﬂ‘ NEGATIVE (+ve / -ve)
(el Ik
MR B AR )

% UMB6.8B

— Ground ()

36



TV
UiiD TVS diode SO-14 Package
BESFTR LI A FTSO-14 51

SO-14 Package

e Sjze: min 0.337 inch * 0.228 inch,
max 0.344 inch * 0.244 inch

(PRFR: F/N 0. 337HE~]*0. 2285~

K 0. 3443~)%0. 2449:~])

e Bi-directional eight lines protection
(84 L X ] ERFF)

e Low clamping voltage and low leakage current

(AR A0 1) P, s ARG S5 1) s FEL FEL 9

e Working voltage: 5v
(AT~ bv)

e S
e




Ume!D Eight Lines, SO-14, SMD, Bi-Directional

SO-14 1" % Z877[fi|fhl#1

Line to be protected (1)

Line to he protected (2)

Line"_c::u be protected (3)
Line to he protected (4)

[14] [13] [12] i [11] [10] 9 (8]
— Ground B = Ground
() 7F fﬁi 7ﬁ iy (:Hh)
+—KJ Y& ‘% SL > UMDAOS5B-8
S0-14
— — ! ISZI
[1] [£] [3 Vi4] [5] (6] (7]
(%Ttiﬂ_j‘) — Ground “— Ground (:.Fftiﬂj‘)
Line o bhe protecied (5) (éﬁéﬁ% %—%*&,ﬁ:
Line to be protected (6] .
Line to be protected (7) IEME B8R ﬁ?l‘&‘fi)

(CEORY L 1-8)

Line to be protected (8)

For ALL Lines
Signal Polarity:

POSITIVE or
NEGATIVE (+ve [ -ve)

38



UMD Other Transient Voltage

Protection Devices

LS R (PR

e Zener Diode (G341 —&)

« Multilayer Metal oxide Varistor (£ )24 BE Y 5RBH N 2)
e Ceramic Capacitor (Vg% A #s)

e Gas Discharge Tubes, GDTs (B 754 HE)

e Thyristors (SR E)

e PulseGuard CRE&H#IHIZE)
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UMD TVS diode’s Advantages

B U T 3

TVS Diode vs. Zener Diode
(W A FE R ) A 5554 —AE)

Compared with the traditional Zener diode, TVS diode has a larger
P/N cross section. TVS diode component is constructed and
designed to absorb larger amounts of energy, joules, with a faster
response time than Zener diode. Zener diode has a higher clamping
voltage and heat dissipation is slower.

(AL GE BT+ 9N AR AT, T 28 F s 4T Al — AR PN TR R R K
JX G5 PR AT B 2 P s D) AR LB i 1) e s 7R 52 g AR B PR
?ﬁ%oﬁﬁZ?ﬁ%:W%&ﬁﬁ%%W%%Eﬂﬁ@%ﬁ%ﬁ
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U MICRO D

TVS diode’s Advantages
MRS TR R (9

TVS Diode vs. Multilayer Metal oxide Varistor, MLV
(ot FEL s ) A8 5 2 2= < s e A M S Rl %)

A major difference between TVS diode and MLV is, as MLV absorbs
transient energy, its electrical parameters such as Leakage current
and Breakdown voltage tend to drift away from their original
specifications which exhibits an inherent wear out mechanism within
the structure. Because of its high impedance, its clamping ratio can
reach as high as 3. Therefore MLV is more suitable to be applied on
less sensitive lines where its high clamping voltage can be tolerated.
(A FoU A — AR 5 22 T <5 e e A A S VB R A A e K R AN []

E A LN R TEN &%W%@@%éfﬁ%%ﬁ%ﬁ%?ﬁ@
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U MICRO D

Voltage - Volts

Clamping

V-

10

Clamping Voltage comparison for
TVS diode and MLV

(s ;f‘nﬁfu PATE 258
g g';f‘nfruﬁr PR

Test Waveshape: 8/20 ps

ML\ clamnina JVnltaage
ML ottage

€2 SRR Y PRI TE

TVS diode clamping voltage

(1% s F TS A1 26 AR EF T A )
ST

0 5 10 15 20 25 30

Ip - Peak Pulse Current - Amps 42



U‘MB Clamping Voltage comparison for TVS
MICRO

diode and MLV

(E’f&mﬂfﬂﬁﬂ ’fﬁwﬁf”%&&t% sk
VIR 1| SBE 4 E I PP [T)

Voltage
. Transient Peak (1§ 2 H1 Hs 641
+20V b FET Failure Threshold (FET&Z #% K HLEAH)
+18v |------------- /—\I\/I LV Clamping Voltage MLV )
Y-V TVS Clamping Voltage (TVSHIi )
139 4.9y / Normal Operating Voltage (iF % TAFH k)
Time

e Using our TVS (U/B02CSP05B) to compare with a typical MLV. Having the same
breakdown voltage at 6v, our TVS with a clamping factor of 1.63 will clamp at
9.8v while a typical MLV with a clamping factor of 3 will clamp at 18v. Varistor’'s
much higher clamping voltage explains why it cannot pass some of the ESD test.
(7E—FE6VIF) i it HL R, UMD TVS, U/BO2CSPOSBfE 7 24 Hi K A I 7E9.8vii MLV
REAC B SANAIEL8Y . XARRE T AT AMLVEIMEIE L —S5ESD L.
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U MICRO D

The Electrical Parameters of MLV
Tend to Drift
R £l s PRI e SR 7‘\%‘?%\ |’ . ,JI

—_—

i

Voltage

Transient Peak (2 HL Hs W)

' + MLV Clamping Voltage

Py ,: (MLVTFH%J )
+20v j FET Failure Threshold
(FET 3z 5 K HLHAH)
Operating Voltage
+3.2-4.2v (E % TAEHE)

Time

Voltage

FET Failure Threshold

100y | (FETZ 325 K HLIRAI)

Operating Voltage (1F % LA LK)

+3.2-4.2V
+4\1- -
____MIV Clamping Voltage _ Time
MLV F )

If a typical MLV'’s breakdown voltage drift from

6v to 8v, it will now clamp at 24v instead of 18uv.
FET will be damaged. (Z4MLV ¥ i 5t HL & S50

B JER A6V R8I, e H A Hi s 0 R 4 v, A
18v3I24v. X2 FEFETH . )

If a typical MLV'’s breakdown voltage drift from
6v to 4v, it will now clamp the voltage below the
operating voltage. FET’s normal operating
voltage will be affected . (Z4MLV¥) i vt B E 2 5
{25 S5 IOV VIR, 2 AR i 3 s PR v
FETIE S TAE. )



TvVIs
UiiD TVS diode’s Advantages

RS A (R

TVS Diode vs. Ceramic Capacitor

(M 28 P P AT 1) B L g s FL )

Ceramic capacitor is not able to withstand a high transient voltage. A
10kV transient voltage will destroy about 60% of the component of
the ceramic capacitor while TVS diode is able to withstand up to 15kV
transient voltage. Ceramic capacitor is also not able to dissipate heat
efficiently like what TVS diode does when transient occurs.

(B B A A IX SR 0 e s B 7K 32 T LU SS o i LOKV A i 2 H, s o
o IR, 20068 i 8 U2 2 6 i £ 60001 F1453 A 1T Mo 28 HOL s A1 ) — AR E 7 52
FULEKV I AR L Hs o 11 2 Ho Hs AR 28 IS i 7 AR 1) v i, P e A 2R st i
A IMEG S FBU A S —ARE IR A Bt e il % . )
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U MICRO D

TVS diode’s Advantages
MRS ETRI S R (k9

TVS Diode vs. Gas Discharge Tubes, GDTs
(e 2 F P A AR S B UML)

TVS diode limits voltage spike to acceptable level by clamping while
GDT limits voltage spike by crowbar action. GDT conducts when its
threshold voltage is exceeded and then trigger to an on-state
voltage of only a few volts. A drawback of GDT protection is that
the trigger on state voltage is below the operating voltage of the
protected load. The protected load will be shut down temporarily.

(M 285 P s A AR o IR Fi s 1 7 SXORak 21 s W s R, 11 2
TR & LR B AR 1 5 sORIE BB A F I IR 2 T AR
FELE R I s A 0 B DR AE AR R ) P RS, R A 8 1
AR . AEIXMIGIE T, MBS INASUEE TR, B H. )
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U MICRO D

Voltage Clamping Device vs.

Crowbar Action Device

ﬁﬂﬁjﬂﬁf 34 = g (e L

Voltage clamping device (F1]Hi JT 5 =)

")

Transient peak (W HL Hs 55 i U6

e ___Faiilure Threshold (471 234 52 f5¢ A HL T AH)
e \(F i H )

\ Normal operating voltage (iF 7 LA k)

T I E

Crowbar action device (#kt&sh1E T R)

Transient peak (& Hi Hs 55 i U6

|

Trigger @n state voltage | (2 Zh {445 Hi k)

__Failure Threshold (4 234k 52 5 K HL . AH)

Normal operating vdltage (iF-% T.4F Hi /%)

- T I E
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U MICRO D

TVS diode’s Advantages
ST ETI  ARO (RY

e TVS diode vs. Thyristors
Cl 2 H, s ) AR 5 2 AR T i )

Like GDT, Thyristor also limits voltage spike by crowbar action. The
operating voltage of thyristor ranges from 20v up through 250v,
therefore it is not able to protect sensitive equipments which use
low operating voltages such as mobile handsets and pocket pcs.
(F- A4 I 2 EABRAER S A B 7 sk 2l s v s Ok 97 . B3
)AL ) AR FUHS 2 20V 3250V, Jit LUE AN IE B A T PSR Y. 4%
$EE W T WA A 7 rE )
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U MICRO D

TVS diode’s Advantages
MRS TR R (9

e TVS diode vs. PulseGuard
(W 25 v Pl AR 5 SR A il 2%)

Unlike TVS diode, PulseGuard’s clamping voltage is as high as 150v
which is not suitable for sensitive low operating voltage equipments
such as mobile handsets and pocket pcs.

(E*/\frmm%u i I FEL s ey 3k 150V, B LU ANTEE 5 FH 1% H 05 e . i
T E WU A i)
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THE END



