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ESD vs. EOS — what’s the difference?

ESD EOS

- Electrostatic discharge * Electrical overstress

* Short duration event (1-100ns) * Longer duration event
- High voltage (kV) — Milliseconds or more

— Can be continuous

Fast edges
« Lower voltage

— May be just beyond absolute
maximum ratings

Both “in-circuit’” and “out-of-circuit”

* “In-circuit” event only

3
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EOS from fault or overdriven
— Fault conditions

v’ Harsh electrical environment

v" High voltage circuit in the system

v Improper power up sequencing

v Hot-swap connection and disconnection

v’ Loss of power supply but input signal is applied

v Apply bipolar signal to unipolar input ADC

v Miswiring

v Other conditions violating the absolute maximum specifications

— Key conditions to result in an EOS to RTD application:

v Miswiring power supply to RTD input
v' Connect high voltage signal from voltage channel to RTD input 4
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Unidirectional TVS Diode

(Transient voltage suppressor)

| A

Symbol Parameter T
Var Breakdown voltage
Ve Stand-off voltage
Ve Clamping voltage
Ve Forward voltage drop VcVer Vi Vv
Isr Breakdown Current @ Vgg —— e I LN >
Ir Reverse Leakage @ Vi . ‘kR V;
I Forward Current @ V; ' ler
lpp Peak Pulse current @ V¢

X _ f """"""""""""""""""" " lpp

PL— Tvs_un
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Bidirectional TVS diode

(Transient voltage suppressor)

Parameter

Breakdown voltage
Stand-off voltage
Clamping voltage

Forward voltage drop
Breakdown Current @ Vgr
Reverse Leakage @ Vi
Forward Current @ V¢
Peak Pulse current @ V¢

TVS_Bi

Ve Ver Ve
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Capacitance and leakage current on TVS diode

« Capacitance » Leakage Current
— Not constant, change with standoff voltage — Data sheet from most manufacturers only
— Junction capacitance changes from shows max leakage at room temperature.
hundreds pF up to 10-nF — Same PN from different manufacturers
— Large power rating diode has higher may have different leakage spec.
capacitance and variation — Leakage variation with temperature.
— Key impact to switch-capacitor input — Key impact to RTD measurement.
structure SAR ADC
T— Manufacturers PN Leakage current(max at 25°C)
10000 p— —— Bourns Inc. SMBJ14CA 1uA
A | A Littelfuse SMBJ14CA 1uA
g’ " Vishay SMBJ14CA 1uA
:%; 100 Diodes Inc. SMBJ14CA 5uA
1 Taiwan Semi SMBJ14CA 5uA

1 10 100 1000 8
Standoff Voltage (Valts)
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TVS vs. Zener

e TVS Diode

—*— TVS_Bi

Solid state PN junction

Designed for operation in reverse-
breakdown region only during over-
voltage events

Junction area sized to conduct
significant current and absorb significant
power

Specifically designed for large transients
such as ESD

Can react to overvoltage in pico-
seconds

>t

TVS_Uni

Zener

Solid state PN junction

Designed for full-time operation in
reverse-breakdown region

Ideal for voltage regulation
Slower reaction time
Lower current/power capability

e

Zener diode

9
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Internal clamp/protection on data converters

1. Input steering diodes: 2. Back-to-back Zener diode: 3. SCR-based input:
AVDD or VREF
Input Clamp SCR - Based
Protection ESD Protection*
I_ B S B 1 I —— | -—_————
I ! | I :
AIN_nP

( AIN_P I | ANN ! : — ! AIN_nP | |
I [ ' T

| | |

|
ADC | aFe ADIE | | ADC
= Core : % : Core : | AFE Core
| = I
! |
[¢ q T ' \ ( —

AIN_M \— AIN_nGND : : AIN_nGND { :
| ' |

- | : I

|

| | |

*Bi-directional SCR example 10
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RTD (resistance temperature detector) sensor

RTD Resistance vs. Temperature AVDD
m @—T Application notes:
IDAC .
360 Delta-Sigma

_wal, [ ADC sbaa275.pdf

K sbaa310.pdf
j: B »C sbaa330a.pdf

. : sbaa334.pdf

120

320 3-Wire RTD

Ohms)
B

Resistan

sbaa336a.pdf

shaa329a.pd

Y% 1w 0 100 200 a0 10 500 600 700 800 L Sbaa20 1. pdf

Temperature (C)

« PT-100 exhibits 100Q) resistance at 0°C and has wide temp range: -200°C to 850°C.
* R varies from 20Q to 400Q, Currents are pumped into RTD and voltage is measured.

« Sensor with a predictable resistance vs. temperature.

* Measure the resistance and calculate temperature based on the resistance vs. temperature
characteristics of the RTD material.

» Overstress (EOS) protection is an increasingly popular requirement from customers. 12
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Typical block diagram: 2-wire RTD inputs

lovcr ANs| « 2terminal input
IDAC1 o o . .
1 = - High-side reference (low-side is
+ AW IT i possible as well)
Vrefgre o, o « One excitation current required
i W R * No lead wire compensation
Voot 1 L * Ryee IS typically largest source of error
___2WireRTD e 17 T
E Roor 1 J _.';\.,] AR, %C?s ANt |
i R AT N (AINP) T
| | R90 L
o T PPN Q- B4
Vi Rq{\i : T
I [ —
T 0 b - Differential VREF inputs
1 | .  1x current sources
! EAg ! ' lipact - o
! 1Y - « Low-noise
Vo = 1 - * Integrated gain stage

**From ADS124S08 EVM
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Typical block diagram: 3-wire RTD inputs

« 3terminal input
* High-side reference (low-side is

o F. possible as well)
— ‘ ﬂ E T « Excitation via 1x or 2x current sources
bl mmme T (1x IDAC requires 2x measurements)
] T e « Lead wire compensation is possible

(REFFW)} Reference Intern

* Ryee IS typically largest source of error

IDAC2  AVDD
v

(IDAC2) A

=  Differential VREF inputs
S — - 2x or 1x current sources
* Low-noise
* Integrated gain stage

**From ADS124S08 EVM
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Typical block diagram: 4-wire RTD Inputs

4-wire RTD block diagram

PR
lipaci AINS
*I _ (IDAC1)
nE
co7
AR 0 AING
+ L (REFP1)
Vref R68 c93
re R&4 AINT
- ] (REFN1)
c92
- Verror+
___4WireRTD __ _
1 1 Rieani
: —AM—
+i - OV+
V : Rieanz
RTD! VW
':Rngg\
: Riean:
: AN
1: - OV+
: Rieans
Ly — VWV
Y

4 terminal input

High-side reference (low-side is
possible as well)

One excitation current required
Inherent lead wire compensation

Rrer IS typically largest source of error

Differential VREF inputs
1x current source
Low-noise

Integrated gain stage

**From ADS124S08 EVM
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Design dequirements

Parameter Value

Input sensor

Measurement range

RTD: PT100

-200°C to 850°C (20Q) to 400Q)

[ EQOS fault protection

+30V on RTD input ]

Resolution

Accuracy (T, = -40 to 85°C)

|[EC certifications

ENOB: >20 bits
Noise-free resolution: >17 bits

+0.1% at room, £0.5% full temp range

ESD: IEC61000-4-2
EFT: IEC61000-4-4
Surge: |IEC61000-4-5

16
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Design block diagram: RTD measurement (IEC Testing)

RTD:
4/3/2-wire
Low/High

side
2/1 IDAC
supported

OO0 O O

Protection

Protection
(EOS,
ESD,
Surge
etc.)

RC Filter

R

R

|

Protection

<— (IDAC)

Rref0

33v oV | 5V
QL i I 6-24V
TPS7A4700 TPS7A4700 EME SNB505 TPS7A4700
|
| 1 T
v v :3.3v - - GND
e 3 (P R TPS7A4700
. 5V 3.3V |
(Optional) I I | .
| =
|
AVDD DVDD :
2.5V |
REF 13.3V 3.3V
|
] |
:
81 24-Bit | | Digital | | Serial SPI SPI
ADC || Fiter [Tintorface ISO7741 TM4C1294 USB
Mux ‘ % % %
ADS124S08

v

ISOLATED CIRCUIT

Note: ADS124S08’s other channels are used for voltage and current measurement in this design.

NON-ISOLATED CIRCUIT

17
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Common 3-wire RTD measurement without protection

» Ratiometric measurement:
AVDD=5V DVDD=3.3V

IDAC noise and drift are cancelled. Y 5
« Lead wire resistance cancellation: e ——J- ADS124508
AIN5
v Lead resistance is related to length, material and L 1 @ o
cross-sectional-area of the conductor. Riead1 Ritl [ ANe
I A\ i WV [ '
v One IDAC needs two measurements. |RrD.S¥ woge T v
. .. | vy OL‘/‘N-TO AINZ
« Two IDACs need current chopping to minimize | \VZ = Cre
the effect of mismatched current sources. ‘ Ricads O%, ano | 3
- Ciit3
| I —@ IDAC2
| |
Rilt4 REFPO
b =
RREF $ Ciita
T
| 3
| REFNO AVSS DGND
|
v

3-wire RTD, low-side reference measurement circuit with one
Note: 1-meter PT100 RTD sensor from Adafruit. IDAC current source (common-mode capacitor not shown) g
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Why do we need two measurements

Two measurements by taking difference "~ ~ =~ IpAc1
] I=1mA @
<_ ______
between V; and V;: ' Reeads _L
v e /
» Cancel lead wire resistance. Reo -10mv+ 24.Bit AY
VRTD=100m\, Vi=4i1omy ADC
> Cancel the offset of ADC, - e | lac
. ) | oV + N
> Low side reference requires two measurements. | V2=+10mV
| Rueads A
- - 0 AM :
» High side reference measurement only requires l +10mV- ; Vref
one measurement, however the resistor e w
L __ el

selections (Rrro, Rref and Rbias) and IDAC current Vmeas eV 12 100my

are limited by compliance voltage. Note: RRTD =1000), RLead1 = RLead2 = RLeads = 100

19
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ESD / EOS Protection Design

. AVDD Design Goals
Ty 5\ « Assume continuous fault
X 15.6V * Limit lags vax < 10MA
Breakdown ADC ) « Minimize fault power
*0.7V dissipation in Ry, Ry, and T,
Vitault Ral_. 5'1 Lt « Make sure normal operation
30V, Vv > of circuit is functional and has
fault fault laBS MAX Z& .
+14.4V- +9 9V/- ~ minimal error o
» Compliance limit

= » Leakage Errors
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Protection: 3-wire RTD, low-side reference measurement

e Current limiting resistors:

> Rpy/Rpy/Rpa/Rpy: Maximum Compliance voltage
. \ . ‘4 = 4.6V max
limit current to TVS and ADC inputs EOS ‘_30\)(/
v \ — —
» R, limits current to IDAC (no Rg; on AIN5). Y 4 =2z =) \ AVDD=5V  DVDD=3.3V
imi \ 71| To| To| T ' 1 1
> Large value Rp; and R, limit current more: W 1Ltz 1314 Y © ©
- Advantage: lower clamped voltage under fault condition. \\\ - J LTI = - U N ADS124S08
- Disadvantage: higher voltage under normal operation. Vil | R1 | N ans
(violate compliance voltage on IDAC). W ] T @ bACL
_ . — — — — — Rp1
» Small value Rp; and R, limit less current, have higher | Riead) Rit AINA
i i i —A\WV O M- M O
pgwer dlsslpatlon or_1 Rp; and R;. :RRTD L y Rer B % Cis . 24.Bit AS
> Mismatching and drift affect accuracy. | 3 Riaz N/ | | v Rie = ) ADC
* TVS diode considerations: | Re3 “VZ %sz L
> Proper standoff voltage(14V) -> tradeoff for Rp; and R;. | Fétim r Ri __L o amo | 3
> Bidirectional TVS instead of unidirectional TVS. v __ - T \Ree Toe IDAC2
» Leakage current is a key error contribution to accuracy. | L
» Temp drift of leakage current affects accuracy. v Res Rita | Rerpo
Absolute Maximum Ratings (Single 5V Power Supply) Ts éF RReFS _—ILCM
Parameter MIN TYP MAX UNIT T | > "
= REFN
Analog input voltage ( Vi, abs) -0.3 +5.3 \Y | AVSS DeND
— I
Analog input current ( 1, ays) -10 +10 mA * _TL I
Normal input signal e e e B <
" - X
AN signal (V,.) o | | 5 v (*Common-mode capacitor not shown) "
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Why do we use bidirectional TVS diode?

SMBJ14CA SMBJ14A
y 1] Ve=-15.6V Vro Tl Ve=-0.7V
. RP / . /
VEeos: - 30V 14.4V Y libac Veos: - 30V _p9 3v+ , libac
\\ N + ¥ R | ANs @ \\ RN R1 AINS ::|
\ Rp1 \ :\RPl,'I S
Riead1 % Ri, AIN4 Riead1 - Rilt1 AIN4
RRTD Rp2 T C ADS124S08 RRTD Rp2 T Crna ADS124S08
7 R || Re T 7 Rew || Re T |
o Re3 % cre | M o Re3 % cre | M
Rieads Rizs = Rieads Rz =
Wy VQW\'—W\'T> AINO MW VW—WT> AINO
- Rea T Crt L Res T Cra

* Voltage drop across Rp1 can not be acceptable and power dissipation on Rp1 can be a challenge.

Diodes Inc. SMBJ14CA (Bidirectional) SMBJ14A (Unidirectional)
Vg (Breakdown Voltage) —15.6V - 0.7V
VRP = VEOS - VB (VOItS on Rp) —14'4'V —293V
V2 o (—14.4V)2 (—29.3V)?
Pp = -B2 (Power Dissipation on R ~ 7 = A A
P =g, p p) =900 0.351W ) 1.455W

Wip TEXAS INSTRUMENTS
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Solution 1: Choose Rp1 and Riwith regular TVS diode

Part Reverse Breakdown Clamping Reverse Breakdown | Peak pulse | Peak power | Steady state
number MFG standoff voltage (Vgr) | voltage max | leakage max current current | dissipation power
voltage(Vg) [ Mmin Max (Vc@lpp) (IR@VR) 25°C | (Izr@VgR) (Ipp) (Prp) dissipation(Ppp)
SMBJ14CA Bourns 14V 15.6 17.9 23.2V 1uA 1ImA 25.9A 600W 5W
.. V -V, ; 30V —15.6V
Positive EOS: 1 Rpy > EOS—’”‘;" BRmin _ e = 5760 (choose 5900)
(+30V) fault
V, in — Vi 15.6V — 5.3V
2 R, > -ZRaun  “in.max _ = 2.06kQ (choose 2.2k2,5mA < Lin aps)
[ADC 5mA -
Negative EOS: V. -V . —30V — (—=15.6V
(-30V) 1 Rp, > -£05max  BRmin _ (F156V) _ g760 (choose 5900) <«— Select
Ifault —25mA
worst
v in — Vin mi —15.6V — (—-0.3V
2 R, > -BRmun  “inmin _ ( ) _ 3.06k0) (choose 3.4k2,5mA < Ly aps) <«— case!
IADC _SmA -
Vi -V in)? —30V — (—15.6V))?
Power | Ppp; = (Vgos max ~ Vermin) = ( ¢ ) = 351mW (choose = 0.5W for Prp,)
Rpy 5900
(VBR min — Vin min)2 (_15-6V - (_O-?’V))Z
Power Pry = = = = = 68.85mW
R1 R, 3.4kQ) mn
VEOS max — VBR min VBR min — Vin max —30V — (_15-6V) —15.6V — (_O-3V)
Prysmax = = = - = = Ve = - - 23.2V = 461mW 23
Power Tvs Rpy R, ) Ve =( 5900 3akq_ ) m
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Select reference resistor - Rrer

AVDD=5V  DVDD=3.3V

Parameters known: T1£T2;T3 Ta I I
- libac
Min (-200°C) Max (+850°C) T T T e T T T oo, ADSi24ases
PT100 # AN . AWV ¢ < @ IDAC1
20Q 400Q * -——_—-2J Re1
libac RLead1 Rt AIN4
H NN W AAs O
Lead Min Max l g Re2 % Ciitt peA 24-Bit AY
resistance 00 100 Rrro ] Riead2 | Rz = ) ADC
| Rep3 % Chtz
Components selected: Rp = 5900,R; = 3.4kQ, ! Rieads Ru +— Ao | 3
*_ o Rp4 Icmg = _@
* Approximate value. _b: = bAc2
* Res Rita REFPO
. R T I PP P b lipAac A S
Select Rypr regarding maximum voltage across Ryrp:
TSf l 2 Rrer Ciita
1 | Uselpac = 0.5mA (lower sensor self-heating: 0.093mW<0.1mW) = : I REENO AvSS boAD
I
2 | VrRrp_max = lipac'RRTD_max = 0.5mA-400Q = 0.2V v _TL I

3 Use Gain = 4', VREF,min = VRTDimaX'Gain =0.2V-4 =0.8V
=> Vrgr= 1V

4 RREF = VREF/IIDAC = 1V/05mA = 2kQ

(*Common-mode capacitor not shown)

24
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Compliance Voltage on Iref

Accuracy -1.5% 1.5%
EXCITATION CURRENT SOURCES (IDACS)
10, 50, 100,
Current settings 250, 500, 750, HA
1000, 1500, 2000
. 10 pA to 750 pA, 0.1% deviation AVSS 3 | AVDD-04
Compliance voltage'¥ — \
1 mA to 2 mA, 0.1% deviation AVSS / AVDD -0.6
Ta=25°C. 10 uA to 100 uA —5% +0.7% 5%

5V -0.4V = 4.6V
Need to confirm that
IDAC input < 4.6V
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Verify node voltage

Compliance
voltage=4.6V max
s =2 o= = Y AVDD=5V  DVDD=3.3V
1 ’
Parameters Known: Tl;g“;“ T4 \ = o
\ — IDAC
|<——————--— —————— Ad ——=4 |- «— ADS124S08
R \
PT100 (max) 4000 ' I‘i‘; | R N L @ DACL
Lead Resistance (max) 10Q lbAG Rleadt } Ritt A
M- W AAs O
Excitation Current (Ipac) 0.5mA l g Rp2 % Ci pGA 24-Bit AY
Rrrp]  Rieadz | A Rie = & AIN2 ADC
Compliance voltage (V¢) 0.4V< Vc< 4.6V * | Res L, ] L~ N\
(Gain=4) 0 | RLead3 Rit3 I =
Y ain= A5V< <455V * 0 ano | 3
(AINX) (AINX) *_ o _>| Rpa %CﬂtS = <: bAC2
Components Selected: " B |
Rp =590Q, R; = 3.4k, Rrgr= 2kQ ;_ I R Ru T | rerro
* Limit calculated under specified conditions(Gain=4, AVDD=5V). TsT l 3 Rrer —I—Cﬂm
| O
| I REFNO AVSS DGND
I T I
Verify Node Voltage under Normal Operation: i ______________ - L L

*Common-mode capacitor not shown
Vains = Iipac'(R1 + Rp1 + Rieadr + Rrrp + Rieads +Rps +Rrer) = ( P )

0.5mA-(3.4kQ + 590Q + 10Q + 400Q + 10Q + 590Q + 2kQ) = 3.35V < 4.6V *

26
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Select Rt and Csit for differential and common-mode filter

+ Keep bandwidth of differential filter = 10xdata rate.
» Keep differential capacitor = 10x Common-mode capacitor.
« Keep input resistance < 10kQ for proper input sampling.

» Higher resistance helps to limit current to ADC input.

RRTD 2

+ Keep resistance low on REFNO since for single power supply.

* Set Rflt =Rflt_ref = 412k.Q, Cflt:Cref = 470pF, Cflt_Diff = 4.7nF.

For ADC input filtering:

1 fin_Diff = 1/[2 [ CinDiff . (RRTD +2- Rflt + Rp)] = 3.67kHz

2 | finem = 1/[2-7- Crye - (Rrrp +Rfpye)] = 74.9kHz

For reference input filtering:

1 fRef,filter =1/2-m- Cref ) Rflt,ref) +Rflt)] = 82kHz

*see RTD Ratiometric Measurements and Filtering Using the ADS1148 and ADS1248.

Riead1 Rit
Cm‘I‘ _I_
4 —citoi
Riead2 BT Cm-Il_{}:
Rlead3 Cfilt_Diff
Rit _I_
MN\ i @
Cﬂt:E
Rﬂlﬁref
A\ i
RRrer SE Cref T
w

IDAC1

AIN4

AIN2
ADS124S08

AINO

REFPO

REFNO

(*Protection circuitry not shown)

Wip TEXAS INSTRUMENTS
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Calculated and simulated

* TVS leakage current are added:
> 13 and 14 through both RrTD and Rrer.

» 12 and 11 through Rrer only.

» Leakage current on SMBJ14CA from Bourns:
Ileak = TUA

(maximum at room temp, no spec over temp)

Additional error (maximum) at room temperature:

error with SMBJ14CA diode

AVDD=5V  DVDD=3.3V

Ratio_[deal = (IDAC. RRTD' Gain)/(IDAC . RREF)= 400.0.4/21(.0. =0.8

Vi = (Ipact+I3 + I4) * (Rrrp + Rieadr) + I3 * Rrpz — Iz * (Rp3 + Rjeadz2)

Tl;TéETiT“ T I
- L __ ] __rO_ I aApsi2asos
| < 14 R AINS C
M- - AN @ IDAC1
o j Rp1 | 13
| Riead1 < Rit1 AIN4
I ANV ¥ 2'AA _L
Rp2 12 Ciit 24-Bit Ay
: R R | |[+— VR T AN ‘é ADC
WA Wy - W
I Res |11 ‘vz % Ciit2 '
I RLeads Riz = x
MWy W—tp- AINO §
Rpa
L ————¥ "_I___Cflt3 IDAC2
(. M L
* Res Rilta REFPO
[ N e _L
15 RREFEEl It Ciita
[ T
T REFNO AVSS DGND
I [ l
v 1
_______________ _> - -

V, = (Ipactlz + I3 + Lb) - Rieags +12 - (Rrp3 + Rieadz)—11 - Rrpa

= (((Ipac +2D - Rrrp =3I - Rieaq) * Gain)/(Rggr *(Ipac +51)) = 0.795 *

Ratio_actyal = (Vmeas_error' Gain)/VREF=((V1 - VZ) ' Gain)/(RREF ' (IDAC +h+ L+ + 1+ IS))

Error = (Ratio_actua—Ratio_4,,,)/Ratio_ 4., - 100% = —0.625%

* Note: 11=12=13=I4=15:I

(*Common-mode capacitor not shown)

<= Accuracy desired: +0.5%

28

Wip TEXAS INSTRUMENTS



Component mismatch - Monte Carlo simulation in TINA™-T]|

L] L]

1] .
@l @l @l l l IDAC 500u

® Current |Im|t|ng reSIStorS Rpx st | 18210 | 1310 1S4 1u

RP1 590 AINS-IDACL
v AN ¢ {
R1 3.4k

Mismatch from:

» Leakage current on TVS diodes.

Riead1 10 | | |RP2 590 R24.12k AIN4
SN + {

M VCVS1 1 .
N - - Vmeas_error Vactual_ratio
V1 X
Y Vevs31 VCVS43.96
Riead2 10| [RrP3 590 R3 4.12k AIN2 *X N
. . p
resistors. A N R vori | 4T Y
+ +1 +
V2 X

Read3 10| | RrP4590 RA 412K AINO
=
RF5 590 R5 412k REFFO vevss 125 ST
° . A . / 1 m
=D 5 v3 ,_—l
IS5 1u T @ REFNO :
_ m ! = v4800m

Monte Carlo_Error Analysis PT100 RTD with SMBJ14CA.TSC L -L <

» Temperature drift on diodes and

PT100 - 400

29
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Component Mismatch - Monte Carlo Simulation - Cont’d

Tolerance Analysis - Statistics e
Output Emar v| | Calcuate 203
— Option x Cancel 181
T XMAX O XMIN —_ 158
7 YMAX 7 YMIN ? Help @« 136
& CUT |4m —_— £ 113
Draw @ 90
Mumber of bars ITU | 68 %
45 R
23 28
Mean value -618.861022m o £ % ot %
. - T T T L I
Standard deviation 276.44474u 620.00m 619.50m 619.00m 618.50m 618.00m
Nominal value -618.85m Values
Press draw to get a graph of the histogram
( o N\
S standard deviation 100 276.44474u 100 = £0.045%  For 68.26% of th \ati
rror = . = . = =0. 0 or oo. 0 Of the population
P Mean ~618861022m Pop
kMaerrror = 3 Typical = 3-(£0.045%) = +0.135% For 99.73% of the population)
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Error with low leakage current of TVS diode

Reverse | Breakdown | Clamping Reverse leakage (I,@Vy) Peak pome(rpdis)sipation
Part number MEG standoff | voltage (Vgg) [ voltage PP
voltage max Typ at
(Ve) Min | Typ | (Ve@lpp) | p7oc | Maxat27°C |Maxat85°C|  8/20us 1ms
TVS1401 Tl 14v | 171 | 176 | 222 1.1nA 30nA 260nA 600 120
SMBJ14CA | Bourns 14v | 156 | 17.2 | 23.2 1uA 600
80
RTD system error calculated from leakage current: 60 /
g /
PN MFG Error Temperature Accuracy E 40 /
TVS1401 Tl -0.16% 85°C desired: /
20
/
SMBJ14CA | Bourns | -0.625% 25°C 0.5% S/
___--—-"'""-’-'-_-
0

40 26 10 5 20 35 50 65 80 95 110 125
Temperature (°C)

Note: The error with TVS1401 at room temp is much smaller. Leakage Current vs Temperature at +14V on TVS1401.
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RTD measurement: accuracy vs. temperature

RTD - 1000hm (0°C) RTD - 4000hm (850°C)

—— TVS1401 ——SNMBJ14CA ——TVS1401 —e—SMBJ14CA
Accuracy %

Accuracy %
0.05

0.05 [ mmmm e

-0.01

-0.02

10x better than
expected!

-0.03

-0.04

---------------------------------------------------- -0.05
Temperature (C) Temperature (C)

Conditions: 0.1% 10ppm/°C resistors for Rp and R1, 0.01%, 5ppm/°C resistor for Rref. 32
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EOS protection verification on ADC input

Te

A2 412ms

k Stop f | |
S 15}
6 -1.208ms 0.000 Y
........... | ® 1204ms 0,000y

AD.000Y -

. : ~ (400ps 2.50MS/5 KN ] ;

10,0 10k points 0.00 ¥ :
WValue Mean Min MMax Std Dev 22 Mar 2020

Peak-Peak 1.60Y 1.55 1.20 2.00 260m 22:08:00

Telstop |

Clarﬁped
on ADC

_ ol _
E) =1.208ms 6.40
‘ M 1.204ms =200,
A2 412ms MGG

2.50M3/s

: : l[zmom @

5.00% 10k points 1.00Y
Walue Mean Min Mas Std Dew E
Peak—Peak 7E0Y 6.53 600m 7.60 2.47 ‘ 2

33
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Agenda

EOS and fault conditions
— EOS vs ESD
— Fault conditions

Diode and ADC input structure
— Diode: Type and characteristic
— ADC input protection structure

Protection topologies for RTD in PLC Al module
— Conventional TVS diode

— Tl flat-clamp TVS diode
|IEC testing (IEC61000-4-x) — RTD in PLC Al module



Electromagnetic compatibility (EMC) tests

IEC — International Electrotechnical Commission
* Promotes international cooperation on standardization
* Created test standards for electronics

« |EC 61000-4 standard
— |IEC 61000-4-2: Electrostatic discharge (ESD)
— |EC 61000-4-3: Radiated electromagnetic interference (EMI)
— |IEC 61000-4-4: Electrical fast transients (EFT)
— IEC 61000-4-5: Surge
— |EC 61000-4-6: Conducted electromagnetic interference (EMI)

* Precision Labs - Op Amps: Electrical Overstress

35
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https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf

Electrical fast transient (EFT) immunity

IEC61000-4-4

Simulates everyday switching transients HV cc =R
caused by interruption of inductive loads,

relay bounces, etc. T - ,
10—7~< Generator i
£ 0.8 ’I AN ‘1(
a < t
£ 0.6 | N -400ns~<| | }
o f \\ ~200us
= ~ Vv
2 | Burst _— t TN . 111111
> 02H — - 15ms+
I v +—— 300ms —»
0 — - .
0 10 20 30 40 50 60 70 80 90 100 | E,.,! Pj AN, .
Time - ns 10s-%10s
Waveform Testpulses

* Precision Labs - Op Amps: Electrical Overstress
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https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf

IEC 61000-4-4 threat levels

Power supply port

I/0O, signal, data &
control lines

Level Open-circuit Short-circuit Open-circuit Short-circuit
voltage (kV) current (A) voltage (kV) current (A)
1 0.5 10 0.25 5
2 1 20 0.5 10
3 2 40 1 20
4 4 80 2 40

* Precision Labs - Op Amps: Electrical Overstress
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https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf
https://training.ti.com/system/files/docs/1414 - EOS 4 - slides.pdf

IEC 61000-4 test setup — RTD hardware

ESD EFT

38
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IEC61000-4 tested RTD module with TVS1401 EOS protection solution

swoes T s e | o

Contact +8kV Passed Class B
ESD Immunity IEC 61000-4-2 _
Air +15kV Passed Class B
5kHz +4kV Passed Class B
EFT Immunity I[EC 61000-4-4 _
100kHz +4kV Planning
Surge Immunity IEC 61000-4-5 Planning

39
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Thank you!

Special thanks to:

Art Kay
Collin Wells
Bob Benjamin
Bryan Lizon
from PADC team

Tl Precision Labs — ADCs: Electrical Overstress on Data Converters

https://training.ti.com/eos-and-esd-adc?cu=1128375
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https://training.ti.com/ti-precision-labs-adcs
https://training.ti.com/ti-precision-labs-adcs
https://training.ti.com/ti-precision-labs-adcs
https://training.ti.com/ti-precision-labs-adcs
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
https://training.ti.com/eos-and-esd-adc?cu=1128375
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