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Quiz:  Electrical Overstress – 3 
1. Which specification on a TVS diode is matched to the amplifier’s 
operating voltage? 
a.! Clamp voltage 
b.! Reverse breakdown voltage 
c.! Forward voltage drop 
d.! Reverse standoff voltage 
  
2. What is the typical current flow through a TVS diode at the reverse 
breakdown voltage? 
a.! 1uA 
b.! 1mA 
c.! 1A 
d.! 10A 
  
3. What is the typical current flow through a TVS diode at the reverse 
standoff voltage? 
a.! 1uA 
b.! 1mA 
c.! 1A 
d.! 10A 



4. In cases where the operating voltage and absolute maximum voltage 
are near each other, it can be difficult to find a TVS diode that will have 
low leakage at the operating voltage but will fully turn on before the 
absolute maximum voltage. Which parameter on the TVS diode can help 
resolve this? 
a.! Turn on time 
b.! Temperature rating 
c.! Power rating 

5. In a particular amplifier design, the operating voltage is 10V and the 
absolute maximum is 12V.  No TVS diode is available that will be off at 
10V and on before 12V.  What can be done to resolve this? 
a.! If possible, reduce the operating supply voltage to a lower level. 
b.! Use the best TVS available.  Some protection is better than none. 
c.! Use a Schottky diode instead of a TVS diode. 
d.! Use a ferrite bead on the power supply instead of a TVS diode. 
e.! Option a & b 
f.! Option c & d 

Quiz:  Electrical Overstress – 3 
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Quiz:  Electrical Overstress – 3 
1. Which specification on a TVS diode is matched to the amplifier’s 
operating voltage? 
a.! Clamp voltage 
b.! Reverse breakdown voltage 
c.! Forward voltage drop 
d.! Reverse standoff voltage 
  
2. What is the typical current flow through a TVS diode at the reverse 
breakdown voltage? 
a.! 1uA 
b.! 1mA 
c.! 1A 
d.! 10A 
  
3. What is the typical current flow through a TVS diode at the reverse 
standoff voltage? 
a.! 1uA 
b.! 1mA 
c.! 1A 
d.! 10A 



4. In cases where the operating voltage and absolute maximum voltage 
are near each other, it can be difficult to find a TVS diode that will have 
low leakage at the operating voltage but will fully turn on before the 
absolute maximum voltage. Which parameter on the TVS diode can help 
resolve this? 
a.! Turn on time 
b.! Temperature rating 
c.! Power rating 

5. In a particular amplifier design, the operating voltage is 10V and the 
absolute maximum is 12V.  No TVS diode is available that will be off at 
10V and on before 12V.  What can be done to resolve this? 
a.! If possible, reduce the operating supply voltage to a lower level. 
b.! Use the best TVS available.  Some protection is better than none. 
c.! Use a Schottky diode instead of a TVS diode. 
d.! Use a ferrite bead on the power supply instead of a TVS diode. 
e.! Option a & b 
f.! Option c & d 

Quiz:  Electrical Overstress – 3 



Electrical Overstress – 3 
 
Exercises 
 
TI Precision Labs – Op Amps 



1.  Below is a specifications table for several different TVS diodes.  Also 
below is the absolute maximum table for the OPA192.  Assuming the 
OPA192 is being run with ±12V supplies, choose the best TVS diode.  
Assume a fault current of 10A. 
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7"PGNG#Q%A$ I,JM$9$I,9M$J$4/+$ ,$
>?NNG#E$ H*4$ 2($

R?E@?E$LSDNE$T"NT?"E$ >D#Q#?D?L$
R@GN%Q#F$EG2@GN%E?NG$ 988$ED$J*84$ !$
'EDN%FG$EG2@GN%E?NG$ 988$ED$J*84$ !$
)?#TQD#$EG2@GN%E?NG$ J*84$ !$
6AGTENDLE%QT$O"LTS%NFG$
I6'7M$N%Q#FL$

U?2%#$VDOB$!DOGA$IUV!M$ 0$ "#$
>S%NFGO$OGC"TG$2DOGA$I>7!M$ *$ "#$
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!"#$%&'()*#%

+*,*#-*%
.$"/012%
314$"5*%

3+%

6*"7"5*%
8+%9%3+%

:#*"701;/%
314$"5*%3:+%

:#*"701;/%
<'##*/$%

8:+%

=">?('(%
<4"(@?/5%
314$"5*%

3<%

=">?('(%
!*"7%!'4-*%
<'##*/$%8!!%

!*"7%
!1;*#%

!!!%!"#$ !%&$

8/4'!7)*.($ *.,$ *-($ *0/0,$ *8/3,$ *2($ +*/8,$ :3/W($ *8445$
8/4'!7)*:($ *:,$ *-($ *1/W,$ *3/1,$ *2($ +:/4,$ 81/1($ *8445$

A!BCDE% 3B6FG% F&8H%
'?@@AB$CDAE%FG$ H+4$IJ04K$L"#FAG$L?@@ABM$ ,$
'"F#%A$"#@?E$EGN2"#%AL$ ,DAE%FG$ >D22D#92DOG$ I,9M$9$4/8$ED$I,JM$J$4/8$ ,$

7"PGNG#Q%A$ I,JM$9$I,9M$J$4/+$ ,$
>?NNG#E$ H*4$ 2($

R?E@?E$LSDNE$T"NT?"E$ >D#Q#?D?L$
R@GN%Q#F$EG2@GN%E?NG$ 988$ED$J*84$ !$
'EDN%FG$EG2@GN%E?NG$ 988$ED$J*84$ !$
)?#TQD#$EG2@GN%E?NG$ J*84$ !$
6AGTENDLE%QT$O"LTS%NFG$
I6'7M$N%Q#FL$

U?2%#$VDOB$!DOGA$IUV!M$ 0$ "#$
>S%NFGO$OGC"TG$2DOGA$I>7!M$ *$ "#$

2.  Below is a specifications table for several different TVS diodes.  Also 
below is the absolute maximum table for the OPA192.  Assuming the 
OPA192 is being run with ±15V supplies, choose the best TVS diode.  
Assume a fault current of  0.1A. 
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1.  Below is a specifications table for several different TVS diodes.  Also 
below is the absolute maximum table for the OPA192.  Assuming the 
OPA192 is being run with ±12V supplies, choose the best TVS diode.  
Assume a fault current of 10A. 

!"#$%&'()*#%

+*,*#-*%
.$"/012%
314$"5*%

3+%

6*"7"5*%
8+%9%3+%

:#*"701;/%
314$"5*%3:+%

:#*"701;/%
<'##*/$%

8:+%

=">?('(%
<4"(@?/5%
314$"5*%

3<%

=">?('(%
!*"7%!'4-*%
<'##*/$%8!!%

!*"7%
!1;*#%

!!!%!"#$ !%&$

'!()*+($ *+,$ *-($ *./.,$ *0/1,$ *2($ *3/3,$ +4/*($ 0445$
6'7*+,78$ *+,$ 4/4+-($ *0/*,$ 9$ *2($ +8,$ 3/:($ +045$

*;!<*+(<*=$ *+,$ *-($ *./.,$ *0/1,$ *2($ *3/3,$ *4/*($ +445$
'!>)*+($ *+,$ *-($ *./.,$ *0/1,$ *2($ *3/3,$ 18/0($ *8445$

Matches 
the supply 
Good 

As long as the supply 
stays at 12V and less 
the leakage from the 
TVS will be at or below 
this level. 

Need to use this info to calculate 
the reverse voltage when 
conducting the 10A fault current.  
Shown on next slide. 
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1.  Continued.  Which TVS is the best option. 

!"#$%&'()*#%

:#*"701;/%
314$"5*%3:+%

:#*"701;/%
<'##*/$%

8:+%

=">?('(%
<4"(@?/5%
314$"5*%

3<%

=">?('(%
!*"7%!'4-*%
<'##*/$%8!!%

!*"7%
!1;*#%

!!!%

3I"'4$%"$%
CJB%

!"#$ !%&$

'!()*+($ *./.,$ *0/1,$ *2($ *3/3,$ +4/*($ 0445$ *1/.,$
6'7*+,78$ *0/*,$ 9$ *2($ +8,$ 3/:($ +045$ 9#%9$

*;!<*+(<*=$ *./.,$ *0/1,$ *2($ *3/3,$ *4/*($ +445$ *3/W,$
'!>)*+($ *./.,$ *0/1,$ *2($ *3/3,$ 18/0($ *8445$ *8/0,$

!"#$%&'()*#%
!*"7%!1;*#%

!!!%
3I"'4$%"$%

CJB%
&1$*%

'!()*+($ 0445$ *1/.,$ ,X%?AE$I*1/.,MYY(ZLDA?EG$!%&$I+4,M$
!GO"?2$'"[G$
:*-$%A@K1/$\$]DEL$DX$!%NF"#$%#O$D^$L"[G$

6'7*+,78$ +045$ 9#%9$ !%&$>?NNG#E$_@@$I3/:(M$Y$_X%?AEI*4(M$
L1#-$%1@K1/%

*;!<*+(<*=$ +445$ *3/W,$ ,X%?AE$I*3/W,MY(ZLDA?EG$!%&$I+4,M$
'2%AA$'"[G$
`DE$G#D?FS$!%NF"#$

'!>)*+($ *8445$ *8/0,$ ,X%?AE$I*8/0,MYY(ZLDA?EG$!%&$I+4,M$
]%NFG$'"[G$
<SG$%2D?#E$DX$2%NF"#$"L$@NDZ%ZAB$DCGN^"AA/$$
<DD$Z"F$%#O$TDLEAB$XDN$ES"L$%@@A"T%QD#/$

Example: 
Vfault Calculation 
SMAJ12A 
Vbr 13.3:= Ic 20.1:=

Ibr .001:= Vc 19.9:=

Ifault 10:=

m1
Ic Ibr!

Vc Vbr!
3.045=:=

b Ic m1 Vc"! 40.502!=:=

Vfault
Ifault b!( )
m1

16.583=:=
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!"#$%&'()*#%

+*,*#-*%
.$"/012%
314$"5*%

3+%

6*"7"5*%
8+%9%3+%

:#*"701;/%
314$"5*%3:+%

:#*"701;/%
<'##*/$%

8:+%

=">?('(%
<4"(@?/5%
314$"5*%

3<%

=">?('(%
!*"7%!'4-*%
<'##*/$%8!!%

!*"7%
!1;*#%

!!!%!"#$ !%&$

8/4'!7)*.($ *.,$ *-($ *0/0,$ *8/3,$ *2($ +*/8,$ :3/W($ *8445$
8/4'!7)*:($ *:,$ *-($ *1/W,$ *3/1,$ *2($ +:/4,$ 81/1($ *8445$

2.  Below is a specifications table for several different TVS diodes.  Also 
below is the absolute maximum table for the OPA192.  Assuming the 
OPA192 is being run with ±15V supplies, choose the best TVS diode.  
Assume a fault current of  0.1A. 

!"#$%&'()*#%
+*,*#-*%.$"/012%

314$"5*%
3+%

6*"7"5*%
8+%9%3+%

<1((*/$%

8/4'!7)*.($ *.,$ *-($ ,a$Y$,L?@@AB$ED$%LL?NG$AG%^%FG$_a$Y$*-($
,aI*.,M$b$,L?@@AB$I$H*8,M$LD$S"FS$AG%^%FG$"L$%$@DLL"Z"A"EB$
:"0%1@K1/%

8/4'!7)*:($ *:,$ *-($ ,a$Y$,L?@@AB$ED$%LL?NG$AG%^%FG$_a$Y$*-($
,aI*:,M$Y$,L?@@AB$I$H*8,M$LD$AG%^%FG$LSD?AO$ZG$ADc$
<S"L$2%B$cDN^$/$$]GEdL$TSGT^$ESG$X%?AE$CDAE%FG$I#G&E$LA"OGM$
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2.  Below is a specifications table for several different TVS diodes.  Also 
below is the absolute maximum table for the OPA192.  Assuming the 
OPA192 is being run with ±15V supplies, choose the best TVS diode.  
Assume a fault current of  0.1A. 

Vbr 19.7:= Ic 57.7:=

Ibr .001:= Vc 26:=

Ifault .1:=

m1
Ic Ibr!

Vc Vbr!
9.159=:=

b Ic m1 Vc"! 180.423!=:=

Vfault
Ifault b!( )
m1

19.711=:=

Ok. Solution 
Vfault  (19.7V) < Absolute Max (20V) 
So this option works but not much margin.  
Note that the relatively low fault current of 0.1A 
caused the fault voltage to be close to VBR 
max.  With larger fault currents the fault 
voltage would increase.  Note that choosing a 
similar TVS diode with a 15V standoff voltage 
would have more margin. 

!"#$%&'()*#%

+*,*#-*%
.$"/012%
314$"5*%

3+%

6*"7"5*%
8+%9%3+%

:#*"701;/%
314$"5*%3:+%

:#*"701;/%
<'##*/$%

8:+%

=">?('(%
<4"(@?/5%
314$"5*%

3<%

=">?('(%
!*"7%!'4-*%
<'##*/$%8!!%

!*"7%
!1;*#%

!!!%!"#$ !%&$

8/4'!7)*:($ *:,$ *-($ *1/W,$ *3/1,$ *2($ +:/4,$ 81/1($ *8445$
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