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Protection: 3-Wire RTD, Low-side Reference Measurement

Compliance Voltage
Case 1 4.6V maximum
. ( = o= o= o= ) AVDD=5V  DVDD=3.3V
CMammum EOS: iBO\D T T
T1;LT%|;T§|;T4 o o
Case 2
ADS124S08
R1 AIN5
‘ o @ IDAC1
RP1
RLead1 " Riit1 ] AIN4
\AA4 A\AAJ _-L ‘.
RpP2 Crit1 24-Bit AY
RRTD
Riead2 | " Rit2 —'I—‘_ & AN2 ADC
RP3 % Ciit2
RLead3 Rft3 = <
L MA—— Wt~ Q AINO 3
=
RP4
j\r K ) j___Cﬂts —@ IDAC2
L o)
Absolute Maximum Ratings (Single 5V Power Supply) RP5 Bflt“ | rerro
Parameter MIN TYP MAX UNIT [ M _L ¢
Analog Input Voltage ( Vi, as) | -0.3 +53 |V T5 3 RREF —l—Cﬂt4
Analog Input Current (1, po)) | ~10 +10 | mA = T Rerno
. AVSS DGND
Normal Input Signal — Case 4 Case 3 A 2!
AINx Signal ( V) [0 | K Case 1 I
N 2
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Choose Rp1 and R1 with conventional 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) Min Max (Vc@lpp) (IrR@VR) 25°C | (Igr@Vgr) (Tpp) (Ppp) Dissipation(Ppp)
SMBJ14CA Bourns 14V 15.6 17.9 23.2V TUuA TmA 25.9A 600W 5W
i . V -V ; 30V — 15.6V
Positive EOS: 1 Rpy > -205max BRmIn _ = 576Q (choose 59002)
(+30V) [fault 25mA
v ez 15.6V — 5.3V
2 R, > -BRmin “ihmax _ = 2.06kQ (choose 2.2k0,5mA < Lin aps)
IADC SmA -
Negatve EOS: [ | v —v e
V, -V i —30V — (—15.6V
(-30V) 3 Rp, > —205max  BRmin _ ( ) _ 5760 (choose 5900) < Select
rauie —25mA Worst
V, in — Vin mi —15.6V — (—0.3V
4 R, > -BRmin _ “inmin _ ( ) _ 3.06k0 (choose 3.4k, 5mA < Ly aps) < Case!
IADC —5mA -
5 _ (VEOS_max B VBR_min)2 _ (_30V — (_15-6V))2 _
Power Prp1 = Ron = ) = 351mW (choose = 702mW for Prp;)
6 _ (VBR_min B Vin_min)2 _ (_15-6V B (_O-3V))2 _
Power | Pr1= r = 0 = 68.85mW
7 Veos max — Vermin ~ Ver.min — Vin_max —30V — (_15-6V) —15.6V — (_0-3V)
P = (£25 min _ ZBR. Tnaxy . = - . 232V = 461mW
Power TVSmax Rp; R ) Ve =( 5900 3.4k0 ) m ,
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Select Reference Resistor - Rrer

Parameters Known:

Min (-200°C) Max (+850°C)
PT100
20Q 400Q *
Lead Min Max
Resistance 00 100

Components Selected:

= 590Q,R, = 3.4kQ

* Approximate value.

AVDD=5V  DVDD=3.3V

Select Ry regarding maximum voltage across Ryp:

1 Use Ipac = 0.5mA (lower sensor self-heating: 0.093mW<0.1mW)

T1£T2;T£T4 I I
_ libAc
- -4 |-+ = — — —[—} - «— ADS124S08
I 1 AIN5
* AW M < @ IDAC1
- — — — = Rp1
libac RLeadt Ratt AIN4
AN\ A M o
l Sv Rp2 é Cht1 24-Bit AY
Rrip ] Riead2 " Rie = AIN2 ADC
| Re3 % Chtz
| Rieads Rtz = <
AW A M Q AINO 5
* 1 =
Rps
it '_I_:Cﬂt3 —@ IDAC2
I M ||
*_ __Res IIDAC 5&4 T & REFPO
Ts l $ Rrer —l—Cﬂt4
|

2 VRTD,max = IIDAC'RRTD,max = 05mA400.Q = 02V

1v

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

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

REFNO

A guide to RTD measurements:
http://www.ti.com/lit/pdf/sbaa275
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Verify IDAC Compliance Voltage, and Input Range

Compliance
Parameters Known: voltage=4.6V max
.. .- v AVDD=5V  DVDD=3.3V
PT100 (max) 4000 = = = = \ T >
T1£T2£Tiﬂ \‘ o o
i \ _ libac
Lead Resistance (max) 10Q - T _____ P I ey I ADS124S08
. [ R1 V1 ans
Excitation Current (Ipac) 0.5mA i — W & @] mact
- — — — = Rp1
Compliance voltage (V¢) 0.4V<Vc<4.6V* lioac Riead " Rit1 & AN
\AAJ A 4 vy AAAL J- y
; R l < Rp2 Car1 24-Bit Ay
Viamnx) (Gain=4) 0.45V< Vainy) <4.55V RRTD)'?' Rieads N R T . PGA s
Components Selected: ' Res %Cﬂ‘z [ -
P . | RLeads Riz = x
Rp = 5900, R; = 3.4kQ, Rrpr= 2k} ) R
d ! B ¢‘ —— =7 Res %Cﬂts : IDAC2
* Limit calculated under specified conditions: (IDAC=0.5mA, | B
Gain=4, AVDD=5V). —
) *_ _ BPS_ lIbAC Ria | REFPO
Verify Node Voltage under Normal Operation: Ts l $ Rrer %Cm
I &
1 Vaina = lipac’(Rrrp +Rrer +Rps + Rieads + Riead1) N REFNO AVSS DGND
= 0.5mA-(400Q + 2kQ + 5900 + 10 + 10) = 1.505V [ ‘[‘ '
2 VAINZ = IIDAC'(RREF-}_RPS + RLead3) = 05mA(2kQ + 590Q + 10) * _______________ —-> J_- l
=13V (*Common-mode capacitor not shown)
3 VAINO = IIDAC.(RREF-}_RPS) = 05mA(2kQ + 590.0.) = 1295V
4 VAINS = IIDAC‘(Rl + RPl + Rleadl + RRTD + Rlead3 +Rp5 +RREF) = 05mA'(34kQ + 5909 + 10.Q + 400.Q + 1OQ + 5909 + ZkQ) = 3 35V< 4-.6V * 5
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Select Rat and Cst for Differential and Common-mode Filter

Keep bandwidth of differential filter = 10xdata rate.
Keep differential capacitor =2 10x Common-mode capacitor.

Keep input resistance < 10kQ for proper input sampling.

P! e R
. . . . Wv Wv W Cﬂt_?_ l
+ Higher resistance helps to limit current to ADC input. RRTD.3¥ ‘{ Cfilt_Diff
RLead?2 Rp Rt CﬂtT
» Keep resistance low on REFNO since for single power supply.
R Cfilt_Diff
For ADC Input Filtering: e Re Rt o T
1 | Choose Rfilt > R1=3.4k, and Rfilt < 10k: Rfilt =4.99kQ Cf"I
2 | Choose f,p¢ > 10xData_Rate: Data_Rate = 200Hz, f,o; = 3kHz Riit_ref i
3 | Cingy; = 1/[2° T finpyy, - (Rerp +2 - Ry + 2+ Ry)] = 4.6nF (choose 4.7nF) RREF % CrefT f
4 | Cingy = Cinpy,, /10 = 470pF l
5 | Cres = Cingy = 470pF
6 | finpiys = 1/[2- 7 Cinpyyp - (Rrrp +2 - Rpye + 2+ Rp)] = 2.92kHz
T | finey = 1127 Cingyy(Rpre + Ry)] = 60.6kHz (*TVS diodes not shown)

IDACH1

AIN4

AIN2
ADS124S08
AINO

REFPO

REFNO

6
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Thanks for your time!
Please try the quiz.



Questions: Protecting RTD input Delta-Sigma

1. For the circuit below, what limits the maximum value of Rp1 and R17?

a. Power dissipation

b. Compliance voltage of the IDAC

c. Leakage current error

AVDD=5V  DVDD=3.3V

@%@n 1 I
I lipac
|<———————-—— —————— —_— —|— 1 - — ADS124S08
Ri AIN5
* A . AVY < @ IDAC1
— — — — — Rp1
libAc RLead1 [ " Bﬂp AIN4
l < Rp2 % Cat1 24-Bit AY
Rro ] Ruead Rie = AIN2 ADC
AN W—t- 9
| Re3 T Chtz
| Riead3 Riz = ><
L AN— AV AN 9 AINO S
* 1 =
Rp4
- =M -_I__-Cﬂts —@ IDAC2
| ||
*_ _ _Rpi IbAC Rita | REFPO
Ts l $ Rrer Chita
'] 1T
= REFNO AVSS

DGND
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Questions: Protecting RTD input Delta-Sigma

1. For the circuit below, what limits the maximum value of Rp1 and R17?
a. Power dissipation

AVDD=5V  DVDD=3.3V

b. Compliance voltage of the IDAC T@i@“ I I
I |
c. Leakage current error c—-—FF-FF-=z--—----Ft < ADS124S08
1 AIN5
A . AN < IDACA

— — — — i Rp1 @

lipac RLead1 1] ” BﬂAﬂ )\ AIN4

l <[ ’ - sz T —=cCm | 24-Bit AY

2 R Rie + ADC
RrTD Lead2 fit2 = AIN2
+—W———O AN W—p- o
| Re3 ICﬂtz
| RLead3 " Rits = L ano x
—MWA— WV _]_ \* §
*. —_—— _>| ‘_|?_‘Cﬂts —@ IDAC2
| ||
* _____ B‘ﬂ}4 4 REFPO
2 Reer —l—Cﬂt4 ]
REFNO AVSS DGND
——————————————— - = l
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Questions: Protecting RTD input Delta-Sigma

2. For the circuit below, what is the purpose of Rfilt?

a. Rifilt limits the input current to the ESD diodes and sets the filter cutoff frequency

b. Rfilt protects the TVS diode
c. RIfilt minimizes system noise

RRTD.3¥

IDAC1
RLead1 Rp Riit
Cit AIN4
Cfilt_Diff
R Riit Ciit
_ Ried ; AIN2
$  Rieads Cfilt_Diff ADS124S08

Rp Rt T
l AINO

Ciit I

Rfit_ref

RREF %

REFPO

Cref
- T ]> REFNO

v
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Questions: Protecting RTD input Delta-Sigma

2. For the circuit below, what is the purpose of Rfilt?

a. Rifilt limits the input current to the ESD diodes and sets the filter cutoff frequency

b. Rfilt protects the TVS diode
c. RIfilt minimizes system noise

RRTD.3¥

IDAC1
RLead1 Rp Riit
Cit AIN4
Cfilt_Diff
R Riit Ciit
_ Ried ; AIN2
$  Rieads Cfilt_Diff ADS124S08

Rp Rt T
l AINO

Ciit I

Rfit_ref

RREF %

REFPO

Cref
- T ]> REFNO

v
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Thanks for your time!
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