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Two General Types of Semiconductor Protection Devices

* Shunting (shorting)
e Limits Voltage (Crowbar or Clamp)

e Parallel Connection
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* High resistance when voltage is below trigger point

e Low (dynamic) resistance when triggered

e Limiting (ECL)

e Limits or Blocks Current

* Series Connection
e Low resistance below trigger point
\ e High resistance when triggered
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General Characteristics of the Device Types
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Blocking Devices

General Characteristics

| CURRENT ]
Linear Resistance |
(Slope = 1/Series R)

* Linear Resistance Region

* Very linear response when not triggered

e Behaves like a resistor

Sotmace | * Transition Region

* In general, the device should not be
continuously operated in this region

* Power dissipation is the primary concern

' Blockﬁg '
\ I

Full Blocking State

 Full Blocking State

Bidirectional Device e Low quiescent current
* Provides voltage isolation up to rated voltage




Blocking Devices

General Characteristics

* Series Resistance

e Lower for higher trigger current level devices with same voltage rating

» Higher for higher voltage rating devices with same trigger current
* Trigger Current

* Ranges from 50 mA to more than 500 mA

* Devices can be paralleled for higher current capability (and lower resistance)
* Max Voltage

e Ranges from 20V to 850V
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Blocking Devices

What’s Available? Configurations

_1/2

Single
Unidirectional

Dual
Unidirectional

Single
Bidirectional

o

l/I

Dual
Bidirectional

iy
I/l_

Programmable
Single
Bidirectional

I Vdd

1

s

Dual Bidirectional
w/Voltage Control
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Blocking Devices -
—_—|

What’s Available?

Category Max Voltage (V)  Trigger Current (mA)  Series Resistance (Q) Response time (ns) Package
Low Voltage 20-40 150-240* 3.6-6.5 60 - 200 SOT23, DFN
High Voltage 250 - 850 50 - 500* 2.6-22 1000 DFN
Application 250 - 850 50 — 500* 50, 80 1000 DFN

Specific

* Several fixed values are available within this range. A programmable device is also
available for the high voltage devices.

Unidirectional and Bidirectional devices are available

1
\
' 2. Response time is from the trigger point to the full blocking
| state. The device limits current during this transition.
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Blocking Devices
Applications

e \oice Lines
e SLIC Protection

e Low and High Speed data communication Lines
e Ethernet
* XDSL
* RS-485
e 4-20ma Current loop

* Protection modules and dongles
* Process control equipment
* Test equipment




Application Example: RS-485 Advanced Circuit Protection

Ultimate Protection Using a Blocking Device

TBU-CA065-300-WH
(DS0T23-SM712 MOV-100201K

Vee
1

s T %
S
L1

e

MOV-100201K

Test Performed “m

Power Cross

IEC 61000-4-5 Level X=5 kV; 1.2/50 ps, 8/20 us Pass

N/A N/A 125 Vrms, continuous protection Pass

- Air Discharge IEC 61000-4-2 1,2,4,X Level X= 16 kV Pass
- Contact Discharge IEC 61000-4-2 1,2,3,4 Up to 8 kV Pass
EFT (Modified, Direct Connect) IEC 61000-4-4 4 2 kV, 100kHz Pass
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RS-485 Advanced Circuit Protection
5 KV Positive Surge per IEC61000-4-5

Y TBU-CAO$S-300-WH )
_;‘_ SOT23-SMT2 MOV-100201K Tek Run - i Trig?
U
RS . (1) Surge Voltage
T ( Fault !
Source 1
Eé “| (20hm) ! /
:| | ’ TBU-CA0SS-300-WH 1 CI41 : 4M\jlx
MOY-100201K e ; : o
_L }' 3 M R S (.::102. 31\.}.\
L _l_ L - Y (3) Line Driver
- Input Current e

Note: This design is very robust and can handle the
extremely high surge current without using an external

40 Ohm resistor in series with each line of the | il {
differential pair for the surge test, as allowed by the IEC Soorae o0V M1.00us A\Ch' L 950

specification.

112040 %

(2) Line Driver Input Voltage

The peak current into the transceiver is held to ~500 mA and is reduced
to the very low quiescent level (<1 mA) of the Blocking Device in about

3 us.

. BOURNS®



RS-485 Advanced Circuit Protection
125 Vrms 60 Hz AC Power Cross

(2) Line Driver Input Voltage

ngnun | —3 }/ Trig'd

(1) AC Voltage

Ye TBU-CA0S5-300-WH \

(DSOT23-SM712 MOV-100201K : i : : : 1 : : : : :

| l/]
50 + Ch1 RMS
[: T ‘ 125V
] l ’ T8U-CAOSS-300-WH crzz_g-‘lsx
-l/l b - Ch3 Max
i : : 300mA
- - - 4 Cha Max
336mA

errewme KRS, SURSSIRE: SIEATRES o ¥ »
InputCurrent | Tt~ (4) TBU Current
Chil 100V Ch2 10.0V  M4.00ms A Line \ —88.0V
@iE 200mAQ |Ch4] 200mAC | 6 Oct 2011

11/20.40 % | 02:11:56

The current into the protected device is limited to short duration
current pulses with a peak value of ~300 mA as it transitions
between normal operation and the blocking state.

11 g . - EOURNS .



Bourns RS-485 Advanced Circuit Protection
8 kV Contact Discharge ESD Protection

(3) Line Driver
Input Current

Tek Prefu v} Trig?

(4) Total Current

| |
\ "‘ : Ch1 Max
T, t 525V

™
Sy
2 \’o.,

(34 Ch2 Max

34.7 V

Ch3 Max

1.02 A

Ch4 Max

29.0 A

Chi1 Jioov @iy 10,0V M40.0ns AQLChl &5 78.0V

Ch3 JS00mAX? Ch4 10.0 AQ2 6 Oct 2011

12040% 03:55:12

(1) MOV Voltage (2) Line Driver Input Voltage

The current into the protected device is limited to just over 1 A, a
fraction of the 29 A peak current from the ESD event.
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Bourns RS-485 Advanced Circuit Protection
16 kV Air Discharge ESD Protection

(3) Line Driver
Input Current

Tek Prefu | Hi—1 Trig?

| . [ Totalcurrent

z \ — :
i : i - T : : : : 1 chi1 Max
I e T S : 493V
: A
T i i Ch2 Max
i eatirent : : : 32.8V
1 ch3 max
1.04 A
«
Lt S psimpirr e Ch4 Max
. . 29.9 A

Chi 100V @i 10.0V Md40.0ns JA Chi s | 70.0V
Ch3[ 500mA$ [Chd| 10.0 A G | 6 Oct 2011
11[20.40 % 04:15:05

(1) MOV Voltage (2) Line Driver Input Voltage

The current into the protected device is limited to just over 1 A,
a fraction of the 30 A peak current from the ESD event.
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Application Example: RS-485
Signal Quality
e 250 Kbps

14

Tek Run: 25.0MS/s _Sample

\

C1 Freq
124.98_5kH|2

Low signal
amplitude

c4 +Duty
50.0%

Low signal

amplitude

J

* 2 Mbps

q
1 1.00012MHz

1 c4 +Duty

# 500ns Ch1 7 2.30V

\

C1 Fre

CH1 = Txin

CH2 = A,

CH3=8B

M=A-B,

Ch4 = RXout

Test: Two boards
connected
together with 1
foot of twisted
pair and 120 ohm
termination at
each end.

J

~  BOURNS

10 Mbps

Tek Run: 1. UUGS/s ET Sample

] 5.0000MHz

1 ¢4 +Duty

C1 Freq

S

e 20 Mbps

Tek Run: 1.00GS/s ET Sample
FoT-

24

\

C1 Freq
10.0001MHz2

C4 +Duty
T50.9%

-




RS-485 Advanced Circuit Protection
Test Results Summary

The blocking device used in conjunction with the TVS diode \

and the MOV provides a high level of protection:

e 5 kV Surge Protection (IEC 61000-4-5)

e 125 Vrms Power Cross Protection

e 8kV contact and 15 kV Air Discharge ESD Protection (IEC 61000-4-2)
e level 4 (2kV) Electrical Fast Transient (EFT) Protection (IEC 61000-4-4)

Signal quality was excellent up to a 2 Mbps data rate and

acceptable out to 10 Mbps
e  Performance at 20 Mbps could be improved by replacing the MOV
with a GDT to reduce the capacitive load on the line

s & BOURNS'



Shunting Devices
General Characteristics: Crowbar

* Inactive State

* Looks like a high impedance load
* Primarily a capacitive load

* Breakdown Region
* Voltage clamping action before

’ Inactive State | \{ Fully Active State

Shunting | switching to the low voltage state
— | ]
* Fully Active (Low Voltage) State
Bidirectional Device \ » When the breakover current level is

reached the device will switch to the low
voltage state

* A minimum current (hold current) is
required to remain in this state

16 e BOURNS"®




Shunting Devices

General Characteristics: Crowbar Itl

» Capacitance

* Decreases as breakover voltage is increased

* Increases as surge current capability is increased
e Maximum Peak Pulse Current Rating

e Up to ~200 A for the 10/1000 ps waveform
* Breakover Voltage Range

e 15Vto 600V

_——— — BOURNS'




Shunting Devices
What’s Available

-
n

T1 12

SD7XAD SOTXAB.

ﬂ o

Single Dual Triple Triple
A Bidirectional Bidirectional Element Element
Single Dual
Unidirectional Unidirectional Line

K1 K2

\ 4 B2 kﬂ." L2 |
o o e

G3,G4

K o K__SDE6XAKAY
Dual
Dual Gated Quad Gated
Gated Dual Gate Complementary w/Anti Parallel w/Anti Parallel
Unidirectional Unidirectional Gate Diodes Diod
iodes

Note: This is not an exhaustive survey. ‘

| 18 | B EOURNS®




Shunting Devices

’ [
What’s Available
Category Type lopw (A) Vorm (V)  Capacitance (pF) Iy (mA) Package(s)
10/1000 ps
- . SOT23-5, SMA,
T el 8@ S0 3380 10130 swBSoK (e, 00
8 »2INE 15, QFN, T0220

High Current, Unidirectional, SMB, TO-92, QFN,

Fixed Voltage Bidirectional, Single/Dual 100 -200 28 -530 35-300 >0-225 TO-220
Programmable* Single, Dual, Quad 20 -150 90 - 250 32-100 20-180 SOIC (8), MS-013
Triple element Delta, "Y" config. 30-45 8-270 17 - 50 30-150 SOIC (8)

* With and without antiparallel diode, single and dual polarity are available

Note: This is not an exhaustive survey. ‘




Shunting Devices
Applications

e Primary and Secondary Protection
* SLIC Protection

e Signal, Data and Control Lines
e Ethernet
* [SDN
e RS-232
* XDSL
e RS-485
e 4-20ma Current loop
* Process control equipment

* Test equipment

20




Application Example
Programmable Thyristor for SLIC Protection

SLIC : i
T  PROTECTOR | SLE ] GR1089 Intrabuilding Lightning Protection
R - Generator
Test connection Waveshape C:,;:::a-;::w;t S::rr:(;ﬁlr;::;t Resi(s.(t;nce
Transverse 2/10 ps 800 100 8
Longitudinal 2/10 ps 1500 100 15
R . . .
: * No series resistor is shown.
TISP610838 » [f a series resistor is required the peak
%M"L' current into the protector will be lowered.
Woir . o1 - * For example, if an 8 Ohm series resistor
I - 220 nF were used, the current for the Transverse
and Longitudinal tests would be reduced to
I Vgary =-60V I 50 A and 65 A (2 x 65), respectively

2 - BOURNS'



SLIC Protection

800V, 100A 2/10 pus, Transverse Surge

SLIC

PROTECTOR

22

No Load

»w O T

~ o M o =2

TekRun__| V[Euf_ S—

] Trig?

M10.04s A Chd4 7 10.0A

Chi[ 5.00 v
O 50040
W[10.00 % |
TekRun_ | i Trig?

Chi 20.0V  [8# 5.00V v
Chd[ 25.0A%

i1[10.00 % |

- BOURNS'’

»- [mm=)

1 chlmax

1.9V

#  Chd Max

109 A

1 Ch1Min

=704V

-] Ch2 Min

-3.20V

1 Ch4 Min

-109 A



SLIC Protection

1500V, 2/10 ps, Longitudinal Surge

SLIC

PROTECTOR

+

Gen
(15Q)

23

No Load

P
o)
S

P -

~ o 0 o 2 o

&~ (=]
Ch1 Max
13.2v
Ch4 Max
: ] 111 A
: R VOItage S 3w
ey sy
" TVoltage
T S TR T AR (XY
Ch3[ 10.0V @[ 50.0AC
i[10.00 % |
L S — e — e I Trigz =~ & (==
nd R Voltages
Ch1 Min
= “7a.0v
~~1 TCurrent
b : : : : 1 Cha Min
L -112 A
: El;séhéh\r;l
‘GateVoltage |

Chi 20,0V |Ch2[ 5.00% ~

M[2.00s| A Chd \ —10.5 A

@EE 200V [Chd4[ 25.0AQ

1[10.00 %

- BOURNS'’



Programmable Thyristor
Test Results Summary

e The Intrabuilding lightning test per GR1089 was performed \

with no series resistance

 Transverse (2/10 us, 800 V, 100A)
e  Positive Direction - Clamp voltage was 11.9V for 109 A of surge current
Negative Direction — Clamp voltage was -70.4 V for -109 A of current
(Note that the gate voltage dropped 3.2 V)
 Longitudinal (2/10 us, 1500 V, 100A)
*  Positive Direction - Clamp voltage was 12.8. to 13. 2 V for 111 A of surge
current
Negative Direction — Clamp voltage was -72.8 to 74.0 V for -112 A of

current ( Note that the gate voltage dropped 6.2 V) /

2 T BOURNSS



Voltage Limiting Devices (TVS Diodes)
General Characteristics

* |Inactive Region

e 0V to working (standoff) voltage in each
direction for a bidirectional device

mml * Primarily a capacitive load

I

I

I

| T
Inactive Region | :
I

1

\‘ - | * Active Region
r VOLTAGE
' e e Clamping/Breakdown
,'/ e ‘ * Voltage continues to increase as current increases
! Voltage Limiti q q . re
! e i e Some devices have significant foldback

e e.g. punch-through diodes

Bidirectional Device

= == == == Device with Foldback

s T BOURNSS



Capacitance

\

Voltage Limiting Devices (TVS Diodes) +

General Characteristics (Unidirectional Devices)

B D h

7

Standoff Voltage Ratiny K Peak Power Rating)

Capacitance
Leakage Current

/

Standoff Voltage )

e Capacitance decreases as the standoff voltage capability of the
diode is increased

e Capacitances increases as the peak power capability of the
diode is increased

» Leakage current increases as the standoff voltage is reduced
(especially levels < 3.3 V)

= BOURNS'



Voltage Limiting Devices (TVS Diodes)

What’s Available? Sample of Available Configurations

L !
A i i i {
[ 2 | | 2 |
Unidirectional Bidirectional
Unidirectional Bidirectional
w/Steering Diodes w/Steering Diodes
6 5 4
[~ ] [-1]
7 4 P
/""/
E3 - 1 ) 3
. 'Dua'l Quad Unidirectional
Bidirectional Quad

w/Steering diodes
Unidirectional

Note: Devices are available to protect 1, 2, 4,5, 6, 8 or more lines ‘

2 - BOURNS'®




Voltage Limiting Devices (TVS Diodes)
What’s Available?

Discrete TVS Diodes
Category Type Pppm Range (W)* Vg Range (V) Capacitance (pF) Packages Notes:

0402, 0603, 0805, SOD-  Steering diodes are used
323, SOD-523, SOT-23 to achieve low capacitance

Unidirectional,

Low Power . .
ow Fowe Bidirectional

<500 2.5-36 1-500

Bidirectional devices have
600 - 3,000 5-170, 400 20-10,000 SMA, SMB, SMC, lower capacitance than
unidirectional devices

Medium Power Un'ld.lrect.lonal,
Bidirectional
Bidirectional devices have
5,000-30,000 28 - 300 80 - 30,000 SMC, Axial lead lower capacitance than
unidirectional devices

. Unidirectional,

I e Bidirectional

Axial Lead, Surface
Mount

Unidirectional,

. . > 30,000 15 -470 2,000 - 12000
Bidirectional

Very High Power 1,3,6,10 and 15 kA devices

TVS Diode Arrays
Category Capacitance Range(pF) # of Lines lppm Range (A)* Vi Range (V) Packages Notes:
SOT-143A, SC70-6, DFN-10,

0.25-3 2,4,6,7 1-25 2.8-5 SOT23-6, SOT563, DFN-6,
DFN-10, SC-89, SC-75

Steering diodes are used to
achieve low capacitance

Ultra Low Capacitance
(<3 pF)

SOT-143A, SO-8, SOT353,
3.5-10 2,4,6,8 2-40 2.8-12 SLP2020P6, DFN-10,
SLP3020N10

Steering diodes are used to
achieve low capacitance

Low Capacitannce
(< 10 pF)

Steering diodes are used to
achieve low capacitance,
12 -500 2,4,5,6,7,8 7-100 3-36 SOT-23, SO-8, SO-16, SOT-563 Unidirectional devices
without steering diodes have
higher capacitance

High Capacitance
(>10 pF)

Note: This is not an exhaustive survey.

s T BOURNSS



Voltage Limiting Devices (TVS Diodes)
Applications

e Primary and Secondary Protection

e Signal, Data and Control Lines
e Ethernet
* USB
e HDMI
o XDSL
* Thunderbolt
* Power Port Protection
* AC and DC power lines

* Process control equipment
* Test equipment

2 = BOURNS'



TVS Diode Application Example
Ethernet: GR1089 Port Type 4 Lightning Protection

——————————————————————

;7 oo ||,

I
I
I
I

- [_cosooazyrosc I et cT
I
I

_____________________

Bidirectional TVS Diode Protection Circuit

Ethernet Transformers (1.2/50 us, 8/20 us Combination Wave)

2 1 [ 2 With Secondary Shorted
E 80 20 £
£ 60 15 @ ]
S 40 10 3 e Secondary Current is reduced
e 20 L5 B
E o e - 0 3 by about a factor of 4
L ) e e e L L e e e - . )
0 1 2 3 4 5 6 7 8 9 10 & e Duration of Surge current is
ime (k) reduced
e PrimaryCurrent ===—H5007 SM51589| === PT61020L

30 » : _ - EOURNS .



TVS Diode Application Example
1.2/50 us, 8/20 us Combination Wave Test Circuit

Surge Test Setup (per GR-1089-ISSUE6)
Metallic (Differential)

| ______________ a

|

| l

: R1
|

AEEVVE

| Signal
CAT5 Cable | Pair | +
! ,' ( Fault
: : A Source
\_ ROUTER) Circuit Under Test* |  —— (2 Ohm)
_ (800V/100A)

A Gigabit router was used as the load. The on board transformer was replaced with shorts and the
evaluation board was connected to the router with a 3 inch long CAT5 cable . Part of the casing was
removed from the cable so that a current probe could be attached to the line under test. For this test,
one line (1/2 of a signal pair) is tested at a time with the other seven lines grounded.

. = BOURNS



Application Example: Ethernet
TVS Diode Circuit, 1.2/50 us, 8/20 us Combination Wave Test

Tek Prevu i} ] Trig? P [mmm) Tek PrevVu | = ] Trig? - [wmmp
U : : : i : : 0 i
_F |
o . ch1 Min Ch1 Max
D ' o -4.60 v 4.59V
Ch2 Max Ch2 Max
' : i : : 7.90V 8.43 V
: - : : Ch3 Max Ch4 Max
\ 102 A 4.04 A
; . &l
(4} - : ; Ch4 Max Math Max
: : : 4.02 A 12.4 V
Chi 5.00V Ch2 5.00V M4.00us A Chd J 760mA Chil 5.00v Ch2 5.00V  M400ns| A Ch4 J 480mA
ch3[ 50.0A (& 2.00A% | ~ cha[ 2.00A0 |
1[10.00 % | [ 10,0V 400ns |11(10.20 %

CH1 = PHY — VOLTAGE
CH2 = PHY + VOLTAGE
CH3 = Total Surge CURRENT
CH4 = PHY INPUT CURRENT

Peak Voltage: 12.4 V
Peak Current: 4 A
Energy: ~ 50 uJ

32




Application Example: Ethernet
TVS Diode Circuit Test Results Summary

GR1089, Port type 4

Metallic (1.2/50 us, 8/20 us, 800V, 100A)

Voltage across the PHY differential input is limited to 12.4 V

Current into the PHY is limited to just over 4 A

Energy PHY is subjected to is limited to ~50 uJ

33
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Normalized Current

1.2
1.0
0.8
0.6
04
0.2

0.2
-04
-0.6
-0.8
A0
-1.2 -

Current Limiting Devices

Bidirectional Device

T

|

1

'

'

1
—lied

1

1

1

'

1

1

-

i

1

1

1

|
-

1

'

1

1

1

0

1

1

1

1
-r—

...................................

:
]
= |
=} 1
o 1
@ i
- 1
E I
&
@ 1
[~d 1
Q 0
> 1
(] 1
o 1
1
i
] 1
/
I
|
'
1
I
i
I

——pmem

___________________________

T
1
1
1
[
1
— —
I
1
[
'
1
1
o 3
1
i
[
1
1
+
1
1
1
1
1
[}
1
1
]
1
1
-t ————

40
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1
' 1
g
>
I
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1 1
1 1
—-——t——
1 I
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'
1
1
'
I
1
1
1
==t
'
]
1
1
+
1
'
i
1
i
L
v
'
1
1
1
I

(%)
(=]
[
(=]

0
—_
o

H
- +______
I
T L
0

10
Voltage (V)

Current Limit is
Active

* Linear Resistance Region
* Very linear response when not triggered
* Behaves like a high quality resistor

* Current Limiting State
* Limits to a predetermined level
* Provides voltage isolation up to rated voltage




Current Limiting Devices
General Characteristics

Normalized Current

Voltage (V)

* Devices exhibit 30-40% of foldback from the peak current

* The current level increases as the voltage across the device is
increased

* Series resistance decreases as the trigger current value of the
device is increased

: _ : BOURNS'




Current Limiting Devices S I
What’s Available? owr—| /" fw
Trigger Current (mA) _
Tvpe Package Stvle Series Channel to Channel
P ge oty Min. Nom. Max Resistance Resistance Match Max
Voltage (V)

Dual Channel DFN 2.5x4mm 250 375 500 2.30 +0.05Q 40
Dual Channel DFN 3.5x4mm 500 750 1000 1.4 0 +0.03 0 40
Dual Channel DFN4.5x4mm 750 1125 1500 1.00Q +0.02 Q 40

Notes:
1. All devices are Bidirectional

36 - BOURNS'®



Current Limiting Devices
Applications

e Low and High Speed data communication Lines
e Ethernet
* xDSL
* RS-485
e 4-20ma Current loop, HART Modem

* Protection modules and dongles
* Process control equipment
* Test equipment

37 y — - EOURNS .



Application Example: Ethernet
Current Limiter with TVS Diode

PHY

Test Circuit

Power Amp

N

50
VA

Signal
Generator

% TCS-DLO04-250-WH

e SM51589L Ethernet Transformer
e (CDSOD323-TO5C TVS Diode
e TCS-DLO04-250-WH Transient Current

Suppressor

k Stop__|

: u

(10V,300mA)

:

1 ChilMmax

41.2V

4 Ch1Min

1 Jio0v

chi 10.0v & 1

200mA G

i ib i :
M4.00us| 4 Chl 5 4.80V

"Wl
(30V, 350 mA)

1 ch4 max

476mA

Ch4 Min

1 -249.0mA




Application Example: Ethernet

Current Limiter with TVS Diode
1.2/50 us, 8/20 us Combination Wave Test Circuit

Surge Test Setup (per GR-1089-ISSUEG)
Metallic (Differential)

| ______________ a

|

| l

: R1
|

AEEVVE

| Signal
CAT5 Cable | Pair | +
! ,' ( Fault
: : A Source
\_ ROUTER) Circuit Under Test* |  —— (2 Ohm)
_ (800V/100A)

A Gigabit router was used as the load. The on board transformer was replaced with shorts and the
evaluation board was connected to the router with a 3 inch long CAT5 cable . Part of the casing was
removed from the cable so that a current probe could be attached to the line under test. For this test,
one line (1/2 of a signal pair) is tested at a time with the other seven lines grounded.

"  BOURNSS




Application Example: Ethernet
Current Limiter with TVS Diode
1.2/50, 8/20 us CW Surge Test (800 V/100 A), Metallic

Tek Run_ [ ]

Trlg?

(M

Y TVS + Voltage

......................................

)
{

Surge Current

i PHY Input Current

40

Chl 10.0v (@ 10.0V M400ns A Chd S 200mA
Ch3 100 A Ch4) S00MAQ
Math 20.0V 400ns 11[10.00 %

Ch1 Max
1.

Ch2 Min
9.80V

Ch3 Max
110 A

Ch4 Max
S571mA

Tek Run (= ] Trig?

U PHY + Voltage @ 3oV
e Y “Ideal Diode
D : g Response”
1 ‘Ch1 Max '
I 6.69V
PHY -Voltage]
.................... Cch2 Min
hll":"‘:" ! - 3.78 Vv
mm“T"inY"[)ifféi‘éi‘itié[Vd[’té’g‘é """"""" i cha Max
| 106 A
f\
rj.,..-.:d"w:'  ——— Chd Max
Surge Current ¢ PHY Input Current A
Ch1 5.00V Ch2| 5.00V M 400ns A Chd S~ 200mA
Ch3 100 A Chd4| 500mA< |
Math 10.0V 400ns 11/10.00 %
Peak Voltage: 5.2 V
PHY sees: Peak Current: 571 mA

Energy: ~ 3w




Application Example: Ethernet
Current Limiter with TVS Diode

GbE Signal Amplitude and Template Tests per IEEES802.3

% Peak voltage % Peak voltage
: i TCS-DL004-250- . Loss due
TVS diode Only difference difference
. WH and TVS i to TCS™
(mV) Between Points . Between Points A
diode (mV)

(dB)

AandB and B

™ > W™ >r ® > @ >

1. The required amplitude range for the signal at points A and B is 670 mV to 820mV.
2. The % peak voltage difference between points A and B must be <1 %




Application Example: Ethernet
Current Limiter with TVS Diode

GbE Signal Amplitude and Template Tests per IEEES802.3

[ Point A Template Test ] [ Point F Template Test ]

" BOURNS'



Application Example: Ethernet

Current Limiter with Steering Diodes  we . o

U A 340V
I @: 390V
r/\;Line Clamp Voltage
2 panal, 2 i = o

- Line Clamp Voltage Ch

________ M '“‘" e ch2 Min

f _ | Differential Clamp Voltage L

. ) ‘I ; ch3m
® + 13 Max
_/_ I J Surge Current §  596ma
® o . | J

GND (= |-54 O Not To Chd Max
Vee [= HJ l—er @]
— e

T 1} )
I {
| I
| L i 1
: Vccu“d 2 E % | || Line { PHY Input Current
l | Ch1 20,0V Chz 20.0V M 400ns A Ch3 7 204mA
/GND | S Ch3 200mA$ Chd| 50.0 A
 1CT:1CT : ] 50.0V 400ns  11[10.00 %
| I
Il ke I _
____________________ i

‘ -i,l‘ —
w
2
8| 7
w

L TCS-DL Tek Run ] Trig? _
Ethernet |L——————— v T a: 540V
PHY \ PHY + Voltage @ sa0v

L'. PHY:- Voltage il

e SM51589L Ethernet Transformer “'”'fl _______________________ — ]

e BAV99S Clamp Diodes to Supply and | _ Differential RHY Voltage

Ground r‘ Surge Current SosmA

e TCS-DLO04-250-WH Transient 1Y Input Comeme ] ToER

Current Suppressor iy Saomag cny s

Peak Voltage: 5.4 V
PHY sees: Peak Current: 595 mA
Energy: ~ 3w
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Application Example: Ethernet

Summary: Protecting a PHY Using a Current Limiter

Diode Clamp PHY Estimate of
Test Protection Circuit Differential Differential  PHY Input Energy
Voltage (V) Input Current Absorbed by
Voltage(V) PHY (uJ)
Differential Surge TVS Diode Only 12.4 12.4 (same) 4A peak 54
Test per GR-1089- . . o . .
CORE-ISSUE 6 TVS Diode with Current Limiter 15 5.2 <300mA 3
(800V/100A)  steering diodes with Current Limiter 34 5.4 <300mA* 3

* After initial peak

* The current limiter reduces the current seen by the PHY signal inputs
» After the initial peak, current is reduced by over 90 %.

* The current limiter also isolates the PHY inputs from the voltage across
the TVS diode or steering diodes

* Peak PHY input voltage is determined by its ESD protection and the current
through the TCS-DL device. In this case the voltage level is reduced by over 50 %.

* The energy the PHY had to absorb was reduced by more than 90 %
compared to using a TVS diode alone

» All designs pass IEEE802.3 signal amplitude and template tests
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General Summary
Semiconductor Protection Technology

Performance
Limiting .. Impulse Parallel Series
Type | Subtype [Technology Precision . . )
Speed Capability |Capacitance| Resistance
Shunt Crowbar | Thyristor ‘ ‘ ‘ ‘ NA
Shunt | Clamp | TVS Diodes MBS |WmEsmn) W) | NA
TVS
Shunt Clamp | w/steering “ » ‘ NA
Diodes
Power TVS »
NA
Shunt | Clamp | "V " | mmses) mmssn)) | mmsEsm)
Blocking | Full Block TBU® ‘ ‘ ‘ NA »
Bocking | Limiter | TCs™ |WNEmmmp W)  mmEstE) | v mm)
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