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XClampR™ TVS

« Extremely low clamping voltage ratio
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« Extremely low clamping voltage

« Extremely stable breakdown voltage (Vggr) over a wide operating temperature range
« (-55°Cto +175 °C)
» Very low temperature coefficient (aT)

« Extremely stable clamping voltage (V) over a wide operating temperature range

» High clamping current capability

* Low leakage

 Bi-directional

« Snapback operation

 Variable clamping voltage by conventional TVS combination




Overvoltage Pro

tection Types

Clamping protection
-;-\- ----- Surge voltage
. i T No electrical short
5!?.?.“;;“9 o 1 “ g Accurate voltage protection control
I- Uy (Varo) Disadvantage High power rating device required
L <~ Clamping operation time )
( CROW-BAR protection A
-r-\- ----- Conventional Load dump Voltage
[
\ . .
: % - P Np electrical short ( L.oad sw@ch type) '
\ Cor ialiber Lond dump Simple and small device required ( GDT, Thyristor)
] \ Suppression Voltage
""""" - Breaker turn-onVoltage Intermittence time
. F i
Us Vaxrs) DediaEe yse Plowout ( Thyristor type )
Circuit reset
Intermittent time Big capacitor and polarity protection diode required for power backup ( Load switch )
'r\' ----- Surge voltage
: \ No electrical short
Trigger | ‘\ L Advantage No intermittent time
e-latc
voltage | Accurate voltage protection control
Ua Vearr) Disadvantage NOTHING

<«———» Snapback clamping operation time
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Snapback Clamping Operation

« The XMC7K24CA is a snapback type TVS with an extremely low clamping voltage ratio for
suppressing transient voltage to a lower clamping voltage than conventional TVS

 Datasheet : XMC7K24CA

Typical operation curve of XClampR™ TVS and conventional TVS

A

A

voltage

\ Clamping

voltage

voltage

'\ Clamping

voltage

XClampR™ TVS Clamping Conventional TVS Clamping
voltage voltage
Breakdown Breakdown
Standoff voltage Standoff voltage |
| voltage 4 voltage =
: v AT v
; Standoff \ - Startcaioff
Breakdown voltage Breakdown voitage
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http://www.vishay.com/docs/87023/xmc7k24ca.pdf

Equivalent Circuit and Operation of XClampR™ TVS (Concept Only)
« XClampR™ TVS does not operate until input < XClampR™ TVS operates at input voltage
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voltage over Vgg (V5) over Vgr (V7)
VSURGE
VBATT |—>C I—>O
; i TVS, TVS,
/ _/
NORMAL STATUS | Tz, o S CLAMPING sTATUS | T, R7A
2/

Vearr < Vegof 2D, Vsurae > Varof ZD4
TRIAC switch keeps tu.rn-off - X = TRIAC switch 000 —_ TRIAC switch
when voltage of Vaarr is TRIAC switch is turn-on when

lower than Vg of ZD, . ;olt:gf;; gf Vsuree is higher than
BR 1-
!/ *1 1 Ve of TVS, is lower than Y/
Va Vgr Of ZD;. Ve
TVS, TVS,
ZD, ZD,
N0 —> O N0 —p O

*1 : By this reason, Clamping voltage is lower than Vgg
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XClampR™ TVS Characteristics in Operation

 Trigger voltage, hold voltage, clamping voltage, and latch voltage

Comparison of
surge pulse and clamping operation form Total clamping operation form comparison

Tek Stop [ — T 1 I '
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O —320.0us € 28.80V
|10 860.0us () 19.40V

O® 38.18ms 19.50 v
A1.180ms A9.400V ]

A39.30ms A2.100V |7

‘ 0Oe -1.120ms 21.60 V

| | . | | . Latch | | _
g e ki, S voltage [EEEESERCESEESES

- InplSJt.svurgeff--

84 5% 2% v sslis v wf vx v $5 9% wf ws vs $u ws w SRR | S I46M E :. f.AA,é
Breakdown vgltage | | S A e z | voltage C'a:npmg : :
S SO M TS SR TS SO S S S fosppepurpape Respansepe el sepeepelisspn ey e ] B R T A R oo A VO tage
/ Clamplng voltage 3 3 : : . :

" it T RTCEESE F TOY AP i 2 : % 4 it

| | : , ; XMC7 KZ4CA
D XMC7K24CA ...............

] | T ‘At 10 ms pulse test
i

BﬁwwW““"“”““J“ B LELES RLES L5 v _ . .

‘NO DELAY TIME

I

@ 100V @ 100A ) : 3 : . 3 @ 5.00V @ 5.00A )
RD _10.0V 2.00ms ) ; ; : ; i value Mean Min Max std Dev |

value Mean  Min Max sthevl-[-?v---'--v-?----@----' & Max 28.5V  28.6 28.5 28.7 141m

& Max 28.8V  28.8 28.8 28.8 0.00 2.00ms ][SOOKS/S ] @ 5 21-6‘/] & Min 133V 13.2 13.1 13.3 141m [100"15 ][100k3/5 ] @ s 21-0\/]
@ Max 20.6 A 20.6 20.6 20.6 0.00 1°5.960000ms J |10k points @ Max 19.6 A 19.7 19.6 19.8 141m 0i»v29.78000ms J 10k points
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Extremely Low Clamping Ratio

« Compare to SKASMC24A
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Clamping voltage ( V)

. Clamping voltage at 8X20us & 1ms pulse Current (A) 1 100 600 1200
[ [ [ [
/‘:‘ 5KASMC24A XMC7K24CA ( Clamping ratio: 1.22 at 600 A )
0 > Max. current: 600 A Clamping voltage 19.0 20.2 23.2 24.5
// 5KASMC24A ( Clamping ratio: 1.54 )
35 // Clamping voltage 28.5 31.0 44.0
/ --------- 5KASMC24A VC 1ms
30 H-IL
/ S5KASMC24A VC 8X20us
--------- XMC7K24CA VC 1ms
25 ST e Clamping voltage at 1 ms test
//___..-— HP % Current (A) 1 100 144 180
20 st MICTKRACA == XMC7K24CA ( Clamping ratio: 1.13 at 144 A)
Max. current: 1200 A Clamping voltage 19.0 21.0 21.5 22.5
15 ) ) ' 5KASMC24A ( Clamping ratio: 1.27 )
0 100 200 300 400 500 600 700 800 900 1000 1100 1200
Clamping current (A) Clamping voltage 28.5 33.8 36.2
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High Clamping Current Capability
« Compare to SKASMC24A

Clamping current vs. pulse width at 25°C

O XMC7K24CA 1200 A 13A
S5KASMC24A 584 A 9A
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1000

b XMC7K24CA T

o

wands

Pt D GKASMC24A

3

Peak current at 8 x 20 ps s TR Definition of Ipp/2 pulse width
S e R

Clamping current ( A)

- Ipp : Surge peak current

10

Definition of
Exponential wave form

Peak current at 70 ms lpp/2 {

13A:

0.01 0.1 1 10 100 "—’
Pulse width ( ms) - 15p/2

% nX : Total pulse width —>
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Extremely Stable Breakdown Voltage (VgR)

« Total 1.7 V difference only over a wide operating temperature range (-55 °C to +175 °C )
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Fig. 5 - Typical Breakdown Voltage vs. Temperature Curve

25°C 125 °C
Lt N 1
4”’ \ A
\\ 4
A \
/

/ ‘
26.9V1t028.6V (1.7V) |
ANEEEEEEEEER NN

-55 -15 25 65 105 145 185

TA =T, - Temperature (°C)
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0.5V

1.2V

Breakdown Voltage (V)

40.0

350

30.0

250

20.0

XMC7K24CA vs. SKASMC series

Typical Vgg ( Breakdown votage ) at operating temperature range

TA =TJ - Temperature (°C)

[ [T [ ] | |
EKASHC28A T 5KASMCZ8A 31 V to 37 Vv (6- V)‘
5KASMC24A || ] ’ | /
XMCTK24CA | | .
..... 5KASMC22A /‘/p 5KASMC24A
= ’ L SENY) g
T XMC7K24CA /|
/ 269Vto28.6V(1.7V) / — |
/’ |
%/ — T T e
e mebmmmm T ~~
/ ’__-o _____
- RPEd il v.:.
------ - 5KASMC22A 24V to 29 V (5 V)
55 15 25 65 105 145 185
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Extremely Stable Clamping Voltage (V)

Over a Wide Operating Temperature Range
« 2.4V difference only at 25 °C and 125 °C of a 1000 A 8/20 ps surge test

XMC7K24CA at 500 A XMC7K24CA at 1000 A

=
s
®

)
7
>
®)

ity
8
)

Conventional 5 kW TVS at

u- .......... SIS A R ﬁ '—'1:730'opseso.oov§
(O -1.300us €[ 36.80v [10.0;15 ][momsm ] : ] -1.300us € 10.0ps ][IOOMS(S ] o} ‘. () 46.90us [(® 54.90v ||!
‘ ® 46.90pus (] 34.80v Wi»v29.40000us J[10k points | ; ;‘ O 46.90us () | 40.80V 1+v29.40000ps J110k points L e j
- A48.20ps | A2.000V : + _ . A48.20us | A2.400V . . i :8 : ¥ : j

; £ ; ; I : Dol : | 2.4V different at 1000 A 8/20 ps, o Vcat 125°C i
: . | 2.0V different at 500 A 8/20 ps, e ; g 25°C and 125°C I ; t ; T N : |
: : i 25°C and 125 °C bl . ; , = ) L : i b : 3
E : g ] Veat125°C | : o : & : : ; : - : - : : 1 : |
..... \
o e T : = at 1000 A 8/20 ps, L
g : : ; i : i ; - ; ] i : . ) ' 25 °C and 125 °C

R]IVXMC7K24(£AVCjig Y R ..... : b o .ém

M i

; )
' i
i\ EpiCurrent
| b

@ 7196V

B {Currentome, - AP S Lol B

@ 100V

_ & 200A O ) T (@D 10.0V € 5004 © ) & - - 1 [@® 100V @& 500A O Jo oww oww i
®D 10.0V 10.0us )] . ; ®D 10.0V 10.0us )] : 5 ®D) 10.0V 10.0us ] : :
value Mean Min Max Std Dev ; ] value Mean Min Max Std Dev . ' value Mean Min Max Std Dev

@D Max 36.8V 47.1 28.0 63.2 10.9 : L | @ Max 43.2V  46.5 28.0 63.2 10.3 : ! @ Vax 60.0V  48.8 28.0 63.2 10.6
@) Max g800mv  24.3 800m 59.2 23.9 @D vax 3.20v 23.7 800m 59.2 23.1 @) vax 2.00V 25.4 800m 59.2 24.8 100MS/s
& Max 496 A 664 496 1.00k 291 & Max 1.02kA 845 496 1.02k 303 €& Max 1.00kA 890 472 1.00k 234 10k points
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Variable Clamping Voltage With Conventional TVS Combination for:
12V powertrain
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» Flywheel or freewheeling diode of motor / solenoid drive circuit
» Secondary protection or anti-parallel function

« 24V powertrain

» Able to meet ISO 16750-2 Pulse b condition (central load dump test) with
» 48 V stand-off voltage
» Clamping under 58 V or 65 V at Pulse 1, Pulse 2a, and Pulse 3a/b of ISO 7637-2 : 2011

« 48V powertrain

« 50 V to 70 V stand-off voltage
« Clamping voltages under 70 V to 100 V at various transient pulses

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED. 11



Variable Clamping Voltages With Conventional TVS Combination

Asymmetrical combination Symmetrical combination

\ AR
\

\ Input surge voltage

‘o

1 \
Y Input surge voltage
! “4/
wave form !
I
1

v wave form
\
\

o Clamping voltage /__\1 Clamping voltage
XMC7 K24CA / \ ‘ivc of SKSMCxA XM C7 K24CA l*' V. of SMC3KxxCA

\_[-I _____ Jc of XMC7K24CA
V. of XMC7K24CA + V¢ of SMC3KxxCA
SKSMCXXA + V; of 5SKSMCxxA SMC3KXXCA ___l _____
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 Positive clamping voltage  Positive clamping voltage

=V of XMC7K24CA + V. of 5KSMCxxA =V of XMC7K24CA + V. of SMC3KxxA
 Negative clamping voltage  Negative clamping voltage

=V of XMC7K24CA + Vi of 5 KSMCxxA = V¢ of XMC7K24CA + V. of SMC3KxxA
« Clamping current limit «  Clamping current limit

= Fix by smaller side of two devices = Fix by smaller side of two devices

© 2021 VISHAY INTERTECHNOLOGY, INC. ALL RIGHTS RESERVED.
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Advantage of XClampR™ and Conventional TVS Combination (1)

 Flexible clamping voltages

« Stable Vg and clamping voltage over a wide operating temperature range

XMC7K24CA & Low voltage TVS combination
Typical Vg ( Breakdown votage ) at operating temperature range

450
gt
/”’
,’
’/
— s
> —
® /,/’
(o)) ! ~—
8 ~~
§ 40.0 = — :
c LT ,/” ”f’
= —— L+ =
(o] |t L1 T
el ’/ ”/
© ‘,/’ PE= g
o -
@ ,/’,/ L g
| R IR S
. ,"_-1 e
35.0 deedeeee ] ™
! T LA
B 5KASMC33A
g
-] ——— 5KASMC30A
XMC7K24CA +5KASMC10A
--------- XMC7K24CA + 1.5SM C7.5A
30.0 LUyt
50 25 0 25 50 75 100 125 150 175

TA =TJ - Temperature (°C)
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Clamping voltage ( V)

75 o

70 |

65

60

55

50

45 |-

40

S5

20 AR S
0 100 200 300 400 500 600 700 800

XMC7K24CA + 1.56SMC7.5A for 31.5V Vyu
Typical clamping voltage at 8X20us pulse

= 5KASMC33A

5KASMC30A :
— XMC7K24CA + 1.55MC7.5A Vc _

Clamping current ( A)
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N/
VISHAY

Clamping voltage ( V)

\ 4
Advantage of XClampR™ and Conventional TVS Combination (2) 3
Z
« Higher current capability E
§
XMC7K24CA + SMCJ5.0A for 29.5V Vy\, XMC7K24CA + 5KASMC10A for 34V Vyym
Typical clamping voltage at 8X20us pulse
65 >
o yd > 5KASMC33
7 ——5KASMC30A gg, 5KASMC30A
55 oA ‘—é XM-C7K24C.A+ 5KI§SMC10.AVC
50 ——XMC7K24CA + SMCJ5VO0 Vc > §
45 // ' /;‘/, ‘GE"
a0 — /’/,4/ _—
35 /‘:, —
30 /
- 0 100 200 300 400 500 600 700 800 900 1000 1100 1200 100 | 200 | 300 | 400 : 500 : 600 - 700 800 - 900 >1000 - 1100> 1200
Clamping current (A)

Clamping current (A )
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Clamping Operation Comparison of
S5KASMC28A X 2 in series vs. XMC7K24CA + 5KASMC28A

at 10 ms Iop/2 exponential pulse, 25 'C T, condition

P it o B e

5KASMC28A X 2 in series i XMC7K24CA + 5KASMC28A in series

|
1
79 V Clamping voltage of | g i S N [ SO DU |~ —u IRy G 4

5KASMC28A x 2
u 65 V Clamping voltage of

XMC7K24CA + 5KASMC28A

|
Clamping voltage
: SKASMC2BAVC | of 5SKASMC28A
Clamping voltage 2 j |
of one 5SKASMC28A

|
« |
TVS Clampl | |
e |
T }
I |
« |
i 2
Measure P1:max(C1) P2:max(C2) P3:rms(C2) P4:rms(F1) P5:max(C3) Measure P1:max(C1) P2:max(C2) P3:rms(C2) P4:rms(F1) P5:max(C3)

value 794V 254 A 7.28A 548 W 411V value 65.4 V 25.0 A 7.87 A 470 W 40.4V
status v g v v v status v v v v v

C1 C3 £3 C1

20.0 Vidiv 10.0 Aldiv 20.0 Vidiv 100 ms/div Stop  36.0V 20.0 Vidiv 10.0 Aldiv 20.0 Vidiv 100 ms/div Stop ~ 17.0V

-201Vofisetl  -30.05Aofst  -39.1V offset 100kS 1.00MS/s Edge Positive 201Vofiset  -30.00Aofst| -39.1V offset 100kS 1.00MS/s Edge Positive
598A - : X1=650ps AX= 29.599 ms e OV - SA |-~ - X1=-250ps AX= 36.199 ms

53-22 2 - X2=30.249 ms 1/AX= 33.785 Hz : : X2=35.949 ms 1/AX= 27.6251 Hz
=0 y

« Clamping peak voltage: 79 V +/-4 V « Clamping peak voltage: 65V +/-2 V
« Clamping start voltage: 64 V +/- 4V « Clamping start voltage: 63 V +/- 2V
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TVS Combination for Various Stand-Off and Clamping Voltage

« XMC7K24CA with 5SKASMC series
« Stable Vgr over a wide temperature range
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XMC7K24CA & 5KASMC seriesTVS combination
Typical Vgr ( Breakdown votage ) at operating temperature range

« Stable clamping voltage (V¢) - —
—— 5KASMC28A X 2in series =
: : ——XMCTK24CA + SKASMC33A
« Low clamping voltage ratio | ——XMCT7K24CA + 5SKASMC30A ]
_ XMC7K24CA + 5SKASMC28A //
s 700 1= —XMC7K24CA + 5KASMC26A =
Stand-off | Clamping voltage (V) | § T XMCTH24CA * SKASMC24A /;7/
PIN voltage | at30A,25°C Ta $ 1T LT
(V) ta = 10 ms Ipp/2 Ll B I e =
8 i // = _
5KASMC28A X 2 in series 56 83.0 T+ L LT T T
XMC7K24CA + 5KASMC33A | 57 72.0 | LT L4171
XMC7K24CA + 5KASMC30A 54 68.0 . ::’///——-—"""’ \‘
XMC7K24CA + 5KASMC28A
XMC7K24CA + 5KASMC26A 50 62.0 s
50 -25 0 25 50 75 100 125 150 175
XMC7K24CA + 5KASMC24A 48 60.0 Temperature (°C) : To=T,
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DNA OF ULTRA STABILITY - VISHAY
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Dr. Felix Zandman applied principles to electronic
resistors for new breakthroughs in resistor
precision, stability over temperature excursions,
and long-term operation.

To—\Ugn { & ‘\7, '\0/-‘\6 ‘,/ . . .
L P K, e Vishay Power Metal Strip® Resistor
; ‘;:’ **f,i:” = 1"7 2{2/ : o/ . . .
e e Original sketch (ballpoint pen on paper napkin)
= e pn s o by Dr. Felix Zandman, 1996
e Lo o L

Zif"? U ; Image courtesy of National Museum of American History, Behring Center
e 2 L‘l ‘/-' L (Washington, D.C.)
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RTEA FIN
THANK YOU

Other package types will be available soon
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