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Figure 1. lllustration of How Protection Devices Limit
Stress to Sensitive Components
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Figure 2. |-V Curves for Voltage Clamping and
Snapback Voltage Limiting Devices and How They
Relate to the Properties of the Circuits They are
Protecting
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Figure 3. Bidirectional and Unidirectional Voltage Clamping Protection Devices
with the Range of Safe and Unsafe Conditions for the Circuit Being Protected
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Figure 4. Diode Protection
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Figure 13. Gas Discharge Tube Construction, Electrical Symbols and -V Curves
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Table 1. SUMMARY OF VOLTAGE SUPPRESSION DEVICES

Type Protection Mechanism Application Directionality Strategy
Transient Voltage Mix of Forward Bias, and Avalanche and Zener Surge and ESD Unidirectional or V Clamp
Suppressors (TVS) Breakdown Silicon Diodes Bidirectional
Thyristor (TSPD) Turn On of Coupled Bipolar Transistors (SCR) Lightning & Surge Usually Bidirectional Snapback
(Crowbar)
Metal Oxide Varistor Metal Oxide Non-linear Resistance Lightning, Bidirectional V Clamp
(MOV) Surge & ESD
Polymer Arcs in Polymer w. Conductive Particles ESD Bidirectional Snapback
Gas Discharge Tube Arc in Gas Lightning & Surge Bidirectional Snapback
(GDT) (Crowbar)
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Table 2. ADVANTAGES AND DISADVANTAGES OF VARIOUS VOLTAGE LIMITING DEVICES

Type Advantage

Disadvantage

Transient Voltage
Suppressors (TVS)

Well Controlled Turn On Voltage

Low Resistance in On State
Unidirectional and Bidirectional Versions
Low Capacitance Versions Available
Low Leakage

Fast Response

Limited Power Ratings

Thyristor (TSPD) High Current Carrying Capability

Low Capacitance Versions Available

Care Needed in Selection & Design to Avoid Latch-up; Otherwise
Power Reset Needed after Surge Event.
Slower Turn On than TVS — Not Fast enough for ESD Protection

Low Cost

Metal Oxide Varistor | Low Cost High Capacitance
(MOV) Fast Response High Resistance in On State; Poor Power Dissipation Capability
Polymer Very Low Capacitance High Turn On Voltage

High Resistance in On State

Gas Discharge Tube | Very High Current Carrying Capability Large Size
(GDT) Low Capacitance Slow Response
High Off State Impedance Expensive
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Figure 14. Basic Block Diagram of Primary Electronic
Fuse Functions
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eFuse Precision Requires External Resistor
Automatically or Manually Re-settable Moderate Cost
Fast Acting
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Slow Response
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Circuit Breaker Can be Reset Large Size
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Slow
PTC Self Resetting Slow Acting
Inexpensive Sensitive to Ambient Temperature
Slow to Regain Low Resistive State
FEH

IOT7 IV =gy J— FTlE. BERLIE
R EHENTWA WL SO EIKE#ESE T O IR
BB EIC S W TCER LE L, A - kBIaF
g =Y ay e RXR—R VY a— g
BIENHl K ORI BRERFE O 7 CHEE & EH A
Bi-LTnET, X494 — K+« XR=2ADTVST A
AL, #HEK(ESD)D L H I b HFRED = RV
F— e APMLRIZHELEZY Y 2= a3 THY,
Fv eI aLF T B —DTVST A 2 IEHER
&, BEhizs 7 7R, mWEBEMEL EB L2
MORWVENZMATEY, Zhb T _XTIE45 ik
HEROBLWERA & 7 2 — AT & > THAER

THYMERBERTT, VAU ALY - P—DRi#ET
/NA A(TSPD) %, EXBEERESBFICHIT BN
WELTHY, v I F T —DH LWEFE
BEREOWMMLT, A —V Xy bO@Em#AA—Y 3
Bl ¢4, EIHIRMAEICE LT, v - kIav
2y 2 —DeFuseT A I B HIBREEAE I N 2 T,
WERFFRFAE OGS Ty v P T LN
TEIE IR D HEEC, BB ORI S KW
BHEE Y vy N U T HEEEE. BT BRAEAE
KEEY Yy N U UHRE, BBV Y b - 47
ay, BXOCH#: VY NalAFvavild,
ZRRTBERE B A TV ET,

http://onsemi.com

11



AND9009/D

ON Semiconductor & I*ON® B I [ESemiconductor Components Industries, LLC (SCILLC) D& REHZETT , SCILLCIF4EE. BE, BFHE. FL—FI—F Ly M(EERE) L4
DM BHEICH T HHEFERBLET, SCILLCORG/HHOBAMR Y R MMZOWTIE. UTOY Vo h 5 BV ET, www.onsemi.com/site/pdf/Patent-Marking.pdf.
SCILLCIZBEL LT, AZRHOUROEFFTI>EMNHYET, SCILLCIE, WA LIBHENDEMTOEROBESHICOVTRIELTHE ST, Ffz. BEHROERIZHE T
EROGAPFERNSE C-EHE. IS, BN, BEN, BEUGETICRLT, LWHASIEEZLASCLEETEFEFE A, SCILLCT—42 o— FOREKRBISRINDAREED H
% TREM) RTA—8(F, FTIVS—2aVICEoTREGDCEEHY . EEOMAELHHORBICE Y ELT HAEMEAHYET, TBEH) XSA—FEELTATO
BEASA—2F, SHEAICADZT7ZTUS—2a VIS LT, BEHOEMARMTEICEVTHIRIESND & S BELBLET, SCILLCIE. ZOHIELZTDOHMOEFDOT, W
NEBSA UV RALHFHELECA. SCILLCHRE., AR~NODARMBHEZENLETDIVATLAOER, £G#BEZEMNE LTIV r—2a v, 1=,
SCILLCRZNTEEICL ITIBENERNRBIYBILIBT TV T—Lav B EADFERZER LRI SATELT. F. o ZERANRELTEYELA. BEHK
M. COESIBERESAEZEDTEAZL, FASATOWEWZ TY4S—2 3 VAICSCILLCEGEFBAFTIIEALIBE. & X, SCILLCAZDHMADHRTE - (FRECEL
TBENH > -EERSAEZELTH, ZOLSLEREHHERA. FRTFTOFERICEELLEESSEND., EiE. RITMEMICELITRTOIL—L, BA. 8E. BE.
BEURETHEEE, PEROERICSVTHEESELW:LET, /=, SCILLCEZNHA. #XE8. Foit, BESH. REECHLT. WALIEELSZILVED
ELEY, SCILLCEEARSHZE/ZHRREEAETT. COEMTERINIHLPIEFREEDO[RELGS>TEY, LAEIHEICL>THERT S LETEELEA,

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT: N. American Technical Support: 800-282-9855 Toll Free  ON Semiconductor Website: www.onsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada
P.O. Box 5163, Denver, Colorado 80217 USA Europe, Middle East and Africa Technical Support: Order Literature: http://www.onsemi.com/orderlit
Phone: 303-675-2175 or 800-344-3860 Toll Free USA/Canada Phone: 421 33 790 2910 . . X
Fax: 303-675-2176 or 800-344-3867 Toll Free USA/Canada Japan Customer Focus Center For additional information, please contact your local
Email: orderlit@onsemi.com Phone: 81-3-5817-1050 Sales Representative

AND9009JP/D


http://www.onsemi.com/site/pdf/Patent-Marking.pdf

