Protection for Field Transmitters:
Requirements, Challenges, Solutions

Vito Shen
Sep 2017

Wi TEXAS INSTRUMENTS



Agenda

Introduction to IEC61000-4 EMC Immunity Test Suite

Surge Protection with TVS Diode and implications for the system
Example Implementation 1: Loop-powered 4-20mA Transmitter
Example implementation 2: Combined Voltage / Current output
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Simplified circuit of loop powered 4-20mA Sensor

LDO to generate system Voltage

\

U1

J2

4-20mA Loop fE L

55/2DS

/ EDS:

Input 4-20mALoop

There are many different
specifications for Vin!

Vin,min: 8V,9V,10V,11V...
Vin,max: 33V,36V,40V...
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. U2 , "
out VD —}
VA |12 1000 ohm
o comp 2 —¢- &
{—}
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3.9v s DAC SHUNT .
SDO 40R SCLK Lecs Loz —Lce
ol o s8I ne csg b 0.1pF 0.1pF 2.2uF
.\4| 1 BC55-16PA,115 16 ) gase O
7y L 10 = = = =
o ERAE ERREVL GND GND GND N
o1 lald
= 13 °
17 1 pap c3
R7 DAC161S997RGHR
20.0 c14 c13 c12 C11
20.0 I 1000pFIGBOOp 0.22pF | 0.39pF
GND GND GND  HART.TX GND GND

I DAC to set the Loop Current I \
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Did you promote the correct solution...
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© Kevin Duke

Catastrophic board failure during SURGE test
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IEC61000-4 EMC Immunity Test Standards

IEC61000-4 contains 35 different immunity test standards

R,=1.5kQ

U
100 pF @

Most commonly applied immunity tests:

 Electrostatic Discharges e
- IEC61000-4-2: Electrostatic Discharge Immunity "’T“%MJ V
« HF Conducted Disturbances T s L=
- IEC61000-4-4: Electrically Fast Transient Immunity T_@MTHWL_MM

IEC61000-4-5: Surge Immunity

IEC61000-4-6: Conducted Immunity Tests

HF Radiated Disturbances

IEC61000-4-3: Radiated Immunity

IEC61000-4-9: Pulse Magnetic Field Tests

LF Radiated Disturbances

IEC61000-4-8: Power Frequency Magnetic Field Immunity

5
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Comparison of pulse power and pulse energy
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Source: Datasheet; SN65HVD7x 3.3-V Supply

RS-485 With IEC ESD Protection;sllse11d
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Example Test Setup A it

slva711

Combination Waveform Generator 05 /

CWG

t
30% max. { 2 /

COU pllng Q R Front time: T, =12pus +30%

Time to half-value: T=50ps +20%
Network

8/20 us short-circuit
current on CWG

n ﬁ
=l =
Syst =
qu;)riZnt =l=.# - N DUT 05 I //

Decoupling
Network

K/

Source: App Report; IEC 61000-4-x Tests for TI's Protection Devices;

t
} 30% max.

EFT and Surge waveform equations and simulation models
https://e2e.ti.com/support/interface/industrial interface/m/videos files/665146/download
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Voltage Levels, CN & Max Peak Currents

Level Open Circuit Describtion Maximum Peak
Test Voltage [kV] P Current [A]

R=42Q R=12Q R=2Q

0.5 Partly protected electrical environment 12 42 250
2 1 Electrical environmentwhere the cables are well-
separated, even at short runs 24 84 500
3 2 Electrical environmentwhere cables runin parallel 48 167 1000
4 4 Electrical environmentwhere the interconnections are
run as outdoor cables along with power cables, and the 96 334 2000

cables are used for both electronic and electric circuits

X Custom Special conditions specified in the product specification X X X

* Usually the dedicated product standard specifies the specific test conditions.
« Transmitter applications require most often to testwith 1 kV/42 Q common mode,

customers apply even differential mode
Source: App Report; IEC 61000-4-x Tests for Tl's Protection Devices; slva711 8
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Performance Criteria for Surge (IEC 61000-4-5)

Performance Description
Criteria

A

B
C
D

Performance within specification limits
Temporary degradation which is self-recoverable
Temporary degradation which requires operator intervention

Loss of function which is not recoverable

Which performance criteria is met?

© Kevin Duke
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How can the system be protected?

Examples:

» Transient Voltage Suppressor (TVS) Diode
Gas Discharge Tube (GDT)

Steering Diodes

Current limiting circuitry

Combination of the above mentioned

10
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Agenda

Introduction to IEC61000-4 EMC Immunity Test Suite

Surge Protection with TVS Diode and implications for the system
Example Implementation 1: Loop-powered 4-20mA Transmitter
Example implementation 2: Combined Voltage / Current output
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Transient Voltage Suppressor (TVS) Diode

......

1 Vi Viu

IR, IRM

Stand-off voltage lpp
Reverse Leakage @ Vi

Breakdown voltage @ Iz & T lgr

Ry
lns

Breakdown Current VC\:V:BR Vi

Temperature Coefficient of Vgg

Clamping voltage @ Ipp
Peak pulse current

Dynamic resistance

(Max) Peak pulse power prp """""""""""""" i

(Peak) Forward voltage drop

Bidirectional
(Peak) Forward current

it
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Transient Voltage Suppressor (TVS) Diode

I 1 No continuous | pppl
e operation at those lpp [
conditions !!!
Vc\:V: BR YR Ir-]
................................. I
f Pep a
Bidirectional —ppl—
13
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TVS - Standard series

Peak Pulse Power * 400W 600W 1500W 3000W
SMA SMB SMC
DO-214AC DO-214AA DO-214AB
Package Size 5.2 x 2.6 mm? 5.4 x 3.6 mm2 7.9 x 5.9 mm?
Package Area 13.52 mm? 19.44 mm? 46.61 mm?
Pad Size 5 x5 mm? 8 x 8 mm?

* For 10/1000us pulse
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TVS - Basic Simulation g

Positive Surge| Negative Surge|

25.00—,
20.00
[ CWG (Combination Wave Generator) - Ri=2 Ohm| ]
15.00—|
Pulse Repetition Timer 10.00—|
- : =
SW2 200m VG15 SWA 2 500 e
Von 100m |
+ Von 2.5 DUT 900 P eSS —
Roff 1T 003 -
Vstart0  Roff 1T
Ron 1m R >3
on 1p 5.00 —|
T+ U ] O
= T w R6940m  L1104u gena  CWVE-OUT +10.00]
b AN PN b T 1500 ]
LW\J 3 - © ] —
; =) s -20.00—]
£ RCIK * ¢ & Vaen:2 & by 5] i
Gty st f eefrig A
+- 10825V o 2 60.00—,
50.00 |
1 40.00—| —
V_CC:1 CWG 0 3
- 30,00
20.00 | o
R4 1G = —
10.00 c)
VDUT -
500 000= I g
CNIN CN_ouT CN_OUT 1000 o
~— R340 - - IDUT n
o o 40Q/9yF S
c3oul 30.(
CWG_OouUT CN_IN é . 40.00
T T 3
R5 1G [SW-SPDT2 2 % VDUT QD» -50.00—|
= -60.00— — —
[ee}
CN (Coupling Netw ork) o 0.00 250.00u 3.25m
Time (s) Time (s)
L I L
CWG_0 CWG_0 °

Any single surge current pulse leads
to a positive / negative voltage pulse, 1s
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Modified Schematic with TVS Diode at the Input

J2

4-20mA Loop + E
s

ED555/2D)

. SM6ICA

U1 om [t
of
T LI out |- T TS
5 sR3
& o b 1.0M R4 l l
7 P d 2.00M C1 c2
T rolo2 ——)r6 0.014F | 2.2uF
—C4 c5 4 1
0.47pF | 0.1pF 9 |Er 6
- . PAD NC X
R5
TPS7A1601DRBR 1.13M
GND GND  GND GND
vee
, U2 3
out v |3 —}
VA 1000 ohm
o7 comp —2—¢ !%—1»
xMmszaesenc coma 1T 1000 ohm
3.9v . DAC SHUNT .
< P1.5_UCBOSOMI sDo 40R SCLK SCLK > L s Lz —L e
. 8 e | M o 0.1uF 0.1pF 2.24F
N 1 BC55-16PA 115 16 J pase ol ka8 -
7 10 = = =
o — 4 ERRB ERRLVL |12 oo oo oo
14
c2[at .
17 1 oap c3 a2
LR7 DAC1615997RGHR
220.0 c14 €13 —==C12 c11
20.0 1000pFIGBUup] 0.22uF | 0.39pF
GND GND GND  HART.TX GND GND
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Example: TVS Diode Calculation

Ppp = Ve XIpp = 53.3VX11.34 = 602.3W @25°C; 10/1000us
Peak Pulse Power for 20us from graph: 3.5kW Not accurate
From Temperature Derating graph (@125°C): 3.5kW X70 % = 2.45kW

Ver = Varmax _ 53:3V — 40.6V
Ipp 11.34

Ry = =1.1240  Only valid for 10/1000us pulse

Verazsee = RpXIpp + Vepmax = 1.1240X24A + 40.6V = 67.6V
Ppp =V XIpp = 67.6VX24A = 1.62kW@25°C 2> 1.78kW@125°C

VeL@i2sec = VCL@250C><(1 + aT (T — 25)); aT=0.1%/°C (typical)
Veraizsec = Ver@zseeX(1+0.001x100) = 67.6Vx1.1 = 74.36V

17
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Modified Schematic with TVS Diode at the Input

° 74.36V IE
* What does this mean for the LDO? u oo
5 R3
\ EN o b3 1.0M R4 l
7 2.00M c1 c2
» ~ | T.DpELAY o T‘—l%}% Tompp 2.2pF
D3 ca —Ecs 4 .
4-20mA Loop + . X GND
p * 2 SM6T39CA 0.47pF | 0.1pF 5| o e e
ED555/2DS R5
TPS7A1601DRBR 1.13M
GND NI NI bl D
U2 .
{=]-
1000 ohm
L4
a2 * =
MMSZ4686T1G coma T 1000 ohm
3.9V DAC SHUNT .
40R  SCLK«=——SCLK > ——c8 ——=c7 —Lcs
a1 ne csB [ —CsB > 0 01w ?
\y 1 BC55-16PA.115 16 SR

There is some uncertainty due to the different pulses.

Alternative: SMCJ series
Vcl=58.63V @28.2A; 125C; 10/1000ps EC
-> Package size: 7.9 x 5.9 = 46.6mm? vs. 19.4mm? (of SMBJ series)

18
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TVS - Layout recommendations

From

Transient Davice 1o be Device to be
Source Protected protected

BAD

« Use 4-terminal connection type to mitigate parasitic inductance effect
* Place TVS on same layer as DUT
* Increase solder pad size to reducing heating of TVS

App Report; Electrical TransientImmunity
for Power-Over-Ethernet; slva233a
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Agenda

Introduction to IEC61000-4 EMC Immunity Test Suite
Surge Protection with TVS Diode and implications for the system

Example Implementation 1: Loop-powered 4-20mA Transmitter
— Surge Protection

— Reverse Polarity Protection

— Current Limiting

Examples: TIDA-00167, TIDA-00648, TIDA-00165, TIDA-00189

Example implementation 2: Combined Voltage / Current output
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TVS usage — a real example
2-wire loop powered 4-20mA interface

Q2/Q3,NPNBJT N
Surge QEO =80/ GOD 2o
1kV, DM, 420 < abs maxVIN=62V

TA~125°C

Clamping of Loop Terminals |
+ Bidirectional (avoids damage at reverse polarity) [ e

* Vei max @ +125°c < VINmax u1, @2, @3, c3, bx, ...
* negligible leakage @ T . VLOOP .y nominal
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2-wire loop powered 4-20mA interface

Reverse Polarity Protection
D1/ D5, Schottky Reverse Polarity Protection

VR =100V, VF - Schottkys ensure low voltage losses
D2 / D4, Si —Diodes

VR = 80V, low leakage

+ Si-Diodes clamp reverse voltage of
schottkys and ensure low leakage

“h

40 Q Current Shunt
inside
4 to 20mA - DAC
Rated to max 50 mA !!!

." N
.
+.
‘.
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2-wire loop powered 4-20mA interface
Reverse Polarity Protection — Different Approaches (l)

Half-Wave Rectification (Single Diode) Half-Wave Rectification (Dual Diode)
VD1 VD1
ID‘I» ’—/6/3‘ ‘ lDL "i"j\_‘ °
D1BAT46WJ |3 = %é D1 BAT46WJ 3 x * <
+ S i g V )vca + s S : +V
<f> VG1:1 'j: 4L & é Ej Cf) VG- 51 & % ijm
3T @ ST @
s :
DAC Shunt40 (V) VDAC_Shunt %DAC Shunt 40 +V VDAC_Shunt
l D5 BAT46WJ 1
= IDACﬁShunt = Exll IDACiShunt
VR>2 x VG O
VD5

.

-59.7 V for VD1 & VD5 ?777? |
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2-wire loop powered 4-20mA interface
Reverse Polarity Protection — Different Approaches (ll)

* Reverse leakage of diodes Half-Wave Rectification (Dual Diode)
shows large variations, b/w Non-matching leakage
typ and max values @

« Min values not even given e : % ,

& | L[E W
/) vG1:1 sl &
Ir reverse current ST E%
Conditions R1 10M s
VWA ?DACShunMO V ) VDAC_Shunt
Vr=75V VR > 2 x VG [oommmaans | 3 ﬂj
. IDAcishunt

ok

VR=75V; Tj=60°C
Min Typ Max Unit

- 1 4 HA
- - 80 HA
215 N i
e T [ [-100.6V for VD1 ]
* Increased Leakage of D5 "02??3——\(_.— -58.6 Vfor VD5 |
simulated by paralleling R1 ' o :

Time (s} 24
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2-wire loop powered 4-20mA interface
Reverse Polarity Protection — Different Approaches (lll)

Full-Wave Rectification (Graetz Bridge)

Non-matching leakage

» Schottkys ensure low voltage losses

» Si-Diodes clamp reverse voltage of
schottkys and ensure low leakage

= [l

ID1_D4 IC4 R3.3mA
N
D1 BAT46WJ
< PN
O | D2 1N4448
+ -
f) VG1:1 '
+-60V] | —t—
~ 2D
S D4 1N4448
R1 10M
— -\ \\—¢
D5 BAT46WJ
a

IR3.3mA

X
(28]
%
N t
<
£
<*>.
™
m '

DAC Shunt 40

VD5

< \ d K ® <
— ID5 D2 IDAC_Shunt
+

VC4

VR > VG

VDAC_Shunt

60.00 —
VG1

-60.00 —

-8.44m —
3.26m —

D4

-8.44m
1.32—

IDAC_Shunt

|

@

> 50 mA !!!

1.32A 7?7 ‘

0.00
59.32 —

-59.80 —
215 —,

VD5

-59.8 V for VD1
-59.6 V for VD5

-59.61 |

0.00

0.00 af
2.15 —
VD1 |

483.29u 966.58u

Time (s)
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2-wire loop powered 4-20mA interface
Current Limiting — Different Approaches (I)
* Reduces Current Surge through the DAC’s

60.00

internal 40 Q Current Shunt
During Hot Plug and Positive Surge

-60.00 —

200 Q Current Limiting Resistor i

VD1 VCL IDAC_Shunt

+ +Cj 1
: 3.44m J
ID1_D4 IC4_R3.3mA| R2200 58.31—
| N | N 7
H AAYAY

\ 4 \ 4 D

Y

D1 BAT46WJ

IC4

R3.3mA 17.98k

- ANA————+

ID4

D2 1N4448

IR3.3mA

+

@ VG1:1 VREC ﬁ/j
[+-60V] | L—— T

N T D4 1N4448

= % 687.10m

VC4 48.40

Cc4 470n

vCL

R110M
— " "\—9

D5 BAT46WJ

9.68 —

DAC Shunt 40 VDAC_Shunt

VDAC_Shunt _

242 mA
> 50 mA

4 v+ 4 ,
— ID5_D2 IDAC_Shunt _137.42m
0.00
T

\Ze7 ]
+
0.00 1

VD5

26
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A Simple Active Current Limiter

VIN 60

+

R20 24.9k

> Q2 MMBTAOGL

R22 100

R21 49.9

Q3 BC55-16PA

AM1

o

Simulated

/

—

/ Measured|

I

A
(xz |1,33 Vv s,f:|3.33mA

lnl";\ o

27
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2-wire loop powered 4-20mA interface
Current Limiting — Different Approaches (ll)

Active Current Limiter ‘ B

+f\7\<'

+VD1 U - .
ID1D_D4 | o] 104_R33mA . o . 19.8 mA M 334
. |1 BAT4EW . < 3 « %% <50 mA }‘N mA
2 | D2 1N4448 L © ; bl @)ﬂ ix — : ‘
N > +l .89 2 s = vC4 - =
<f> VG1:1 VREC Q/jl% . 2 E . f% % ‘
—i— = § | °T ¢
a“ D4 1N4448 S o g o ¢ / M
R110M g %’ M p o5z |
+—VW\—r N N % DAC Shunt 40 (V) VDAC_Shun H .
D5 BAT46WJ ; - % t QPA -~ ! —
4 ° ° 4 ——
- ||35102 1< IDAC_Shunt ' - . .
d r 1.33
LA .._. h._
VD5 Mhe e V
* For1.33Vdrop @ 3.34mA(nominal operation) —
a 390 Q current limiting resistor would be needed [~—
- Max IDAC_Shunt: ~59.5V /(390 Q+ 40 Q) ~140 mA !l] ==
X fe. 8.0 ' 00m 2.50m 3.00r

Time (s)
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Agenda

Introduction to IEC61000-4 EMC Immunity Test Suite
Surge Protection with TVS Diode and implications for the system

Example Implementation 1: Loop-powered 4-20mA Transmitter

Example implementation 2: Combined Voltage / Current output

— Surge Protection

» TVS Diodes
» Current Steering Diodes + Current Limiting Resistors

— Reverse Polarity Protection
— Clamping of internal voltage rails
Example: TIDA-00559

Wi TEXAS INSTRUMENTS



TIDA-00559: Combined Voltage / Current Interface
Systems View

______ }
[}
) | Isolated ! _ Pre-
isoVCC 4———: Power | ‘;’ Regulator(s)
_____ .!.I '
isoGND GND isoVCC | \
. ' i Analog Input
ISOVCC1 ! ! VOUT +
¥ __Y_ QD+ -
Sensor PGA : Digital : Oto10V b4 S L+ f
' e Ped—p (0] =
Element| "|ADC| MCU < : Isolator :4--> DAC A 3 EUT
------ -- Q :
T i f o
5 5 ! louT bes
: : i = @+ -@
; ; 41020 mA 24V Power
27 isoGND iSoGND >~ Z7GND  — GND — GND
Transmitter Frontend Combined Voltage / Current Output Interface with Surge Protection
Field Transmitter with Analog Output PLC

30
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TIDA-00559: Combined Voltage / Current Output
Detailed Block Diagram

Isolated SPI™ Interface

|soGND

13.1VLDO
U1 TPS7A1601
isoVCC +4.6V DVDD +13.1V _AVDD T N
OPA170
Buffer
U2 GNDJT_
i
NS e 3 sy
—_ AVDD 0 J4
— GND §§
. - A max0to 11V @2 1kQ
1k & |max0to24mA@<3200
oV
OUT VOUT_IOUT —(>]§—<.
AVDD —¥—¢
Digital Isolator 16-Bit DAC Protection
ISO7641FC DAC8760
GND GND GND

L+
ouT
L-

31
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Combined Voltage / Current Output
Basic Protection on Interface Connector

13.1VLDO
U1 TPS7A1601
+
13.1V AVDD OUT IN
— GND

VOUT _IOUT

AVDD

Supply Voltage
Reverse Polarity

Protection

+15t0 35V

max0to11V@= 1kQ

max 0 to 24 mA @ <320 Q

L+

AVDD ——¢

Protection

Transient OV
Protection

— GND

32
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Basic Protection on Interface Connector
Transient OV Protection - Details B o el IR o1

 Bidirectional to avoid damage
of D9 and D10 at reverse polarity
of nominal supply

* P, negligible
= VR min@4o:c > 39V

* IR max@+ssec, 3sv < 1 HA

max0to11V@= 1kQ
max 0 to 24 mA @ < 320 Q

D10

D8

g 0V

Clamping of nominal 24V supply
* Bidirectional to avoid damage

at reverse polarity of nominal
Protection supply

* P, negligible
= Var min@40°c > (Vis = Vi )max
* Vou max@+100°c < VINmax 1 s
Wi TEXAS INSTRUMENTS



Basic Protection on Interface Connector
Transient OV Protection - Details
Voltage Clamping b/w OUT and L-

Unidirectional fits best the unipolar
voltage range on OUT
* VBR min@-40.c > AVDD

* IR pax@sssec, 77v< 1 HA
« VCL_max@+125°C <AVDD

+151t0 35V

D9
D10
L D8 oV
L ]
Protection

— GND

34
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Protection of output pins of the 16-Bit DAC

13.1VvVLDO
u1 TPS7A1601

OPA170
Buffer
u2

Steering diodes steer current to AVDD or GND,
current is limited by resistors

+13.1V _AVDD ouT N
u3 J l

+VSENSE «——
i

= GND

vour . ZS% X
N N
L

oUT VOUT_IOUT L+ —Bld—e

16-Bit DAC Protecti
DAC8760
GND

il

M is steered

+15t0 35 V J4
max0to 11V @2 1kQ IE>+UT
max 0to 24 mA @ <320 Q L-
oV
TVS clamps
AVDD 54 AVDD when

surge current

to AVDD

GND
\ Voltages on IOUT & VOUT must not
exceed AVDD nor go below GND
or current needs to be limited 3
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The real CIrCUIt v Buffer Amplifier for remote sensing
DAC e of VOUT on OUT terminal,
e 4*"‘"@ 1 protected by internal diodes and R8

w2

- Cw OPAI DUDNLE

WoeF | OWF

¢ \ 1

-

0 0k

e —

»
s > - v

s 32 l — Cascade of current steering diodes
] w e T and current limiting resistors

HARTAN 122 1L

BOCET |l
ouT (-2
v T — L
A1

srTR .,_'M__L
16.0x

0% =
po ] CND

0o
CESDIFORFVWD. T SMOT4ICAY
or

WEENSE &

vouT (-5 VAT O e 81 Rie L rran 09 11V @ 000R

M

! L. Le 15V 10 38V

- - . . . i_e |our

0 9 w00 k| 2le fran 0 1) 2emA @ <3208
BN b2 ) L
o

~ Pl x';*‘q’l 11
CMP 11 0w

SNETIRCA

g

,

-
I

— ] SNETI6A

n 1 VI3

] e T W00

CAP | —AR I}
sany

a

E-II'

s

1xsxs
l:[zl:lalz

Resistors limit current, but cause voltage drop:
VOUT mode: 130 Q x 11mA=1.43V 36

IOUT mode: 130 Q x24mA=3.12V | &3 Texas INSTRUMENTS




Effects of current limiting resistors:
How to deal with the voltage drops ?

* VOUT mode:

— Buffer Amplifier for remote sensing compensates for voltage drops

— Need for increased footroom when sinking current into VOUT
» Can be addressed by bipolar supply of DAC

* |OUT mode:

— Worst case drop of 3.12V reduces significantly the maximum achievable output voltage
and therefore the maximum usable load resistance in the loop:

« AVDDtyp: 1312V AVDD min: 12.84 V
- VCOMPLIANCE max 2.00 V

- VDROP on cl/l resistors 3.12 V

VOUT_max on J4 L2V

* RLOAD max = VOUT max on J4/I0UT max =7.72V /24 mA = 321.7 Q

37
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The real circuit
LDO

TVS clamps AVDD when
surge current is steered
to AVDD

Protects LDO'’s internal

FET when not powered,

but surge is applied b/w
OUT and L- of J4

Reverse Input protection for LDO

PMEG10010ELRX

j— |

ouT

—_— PG

=~ FB

SMM4F13A-TR ——C2 ——
10pF
25V

GND GND  GND

—— NC

EN

DELAY

GND
PAD

D2

RF071M2S

8ov 80V

TPS7A1601DRBR

8

5

7

4 ]—

9 C4 ——C5 ——=C6
0.01uF | 47uF | 47pF

LDO Input Bypass Caps,
Stored energy avoids
System Reset during negative surge
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Layout Example TIDA-00559

lout

ALARM [

ISET-R

+VSENSE

vout

-VSENSE

2
NetD2_2

2 ALARM

AVDD
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T R11
150k L D9
01% = DESD1PORFWQ-7 SMBT42CAY
33 GND | D6 J4
1

32 VOUT_IOUT R12 R13 < } -

T 100 100 h 20,0 ¥ 3
lbse [ 1

= ci16

24 GND D8
<’—+ D10 c21 SM6T39CA

28 1000pF VDD —C18 SM6T15A | 0.1uF

c17 1000pF
29 L
|

22 1000pF
| 30 C19 ) p

31 It = = = =

35 1 GND GND GND GND

38 1000pF



Conclusion

* Introduction to IEC61000-4 EMC Immunity Test Suite
— Surge Immunity test is the most severe.
— TVS diode as countermeasure

» Surge Protection with TVS Diode and implications for the system
— Understanding of TVS parameters and characteristic
— Selection process of TVS

« Example Implementations:
— Loop-powered 4-20mA Transmitter
— Combined Voltage / Current output
— Practical protection circuits and their side effects
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Thank You!

Questions?

41

Wi TEXAS INSTRUMENTS



