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**Low-side R_REF shown; high-side R_REF is possible

1x IDAC versus 2x IDACs for 3-wire RTDs

3-wire RTD using 1x IDAC** 3-wire RTD using 2x IDACs**
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R_RTD

Two measurements using 3-wire RTD and 1x IDAC

Circuit for measurement #1 : Circuit for measurement #2
AVDD E AVDD
0 V4 E ) V4
IDAC | \@ : IDAC | \@
IDACH IDAC1 VIN 1 = AINO — AIN1
R_LEAD1 R_LEAD1
—w—O ™ O o VIN_1 = V_LEAD1 + V_RTD
4 o
3/ €3 —
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{/‘ e m————— —— -
b el ] it L2
RLEAD3 R_LEADS A2 e VIN 2 = AIN1 — AIN2
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ADC output code for a 3-wire RTD using 1x IDACs

Circuit for measurement #1

AVDD
e
IDAC
IDAC1
R_LEAD1
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Circuit for measurement #2
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VIN_1 = V_LEAD1 + V_RTD
VIN_2 = V_LEAD3

V_REF = IDAC1 * R_REF

VIN_1 VIN_2
V_REF V_REF

ADC code =

IDAC# % R RTD
= y — +
HMIAC1 = R_REF

IDAC1 * R_LEAD1

IDAC1 & _REF
ID * R_LEAD3

ZIDAC1 = R_REF

R_RTD=*
R_REF

ADC code =

**If R_LEAD1 = R_LEAD3
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Measuring VIN (3-wire

)
IDAC] \@
IDAC1
R_LEAD1
o +
&, VIN
x -
VVv -
R_LEAD2 N AINN
W O ¢ < @
IDAC
R_LEAD3 Mux \H;z
I
REFP
R_REF §

Purple line =

IDAC1 + IDAC2 N

B —
REFN
O
)y
=

RTD, 2x IDACs, LS R_REF)

VIN = AINP — AINN
VIN = V_LEAD1 + V_RTD — V_LEAD2

e V_LEAD1 = IDAC1 * R_LEAD1
e V_RTD =IDAC1 * R_RTD
« V_LEADZ = IDAC2 * R_LEAD?2

VIN = IDAC1 * (R_RTD + R_LEAD1) — IDAC2 x R_LEAD2
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ADC output code (3-wire RTD, 2x IDACs, LS R_REF)

AVDD
S
IDAC] \@
IDAC1
R_LEAD1
o +
, VIN
m -
MW Oy O >
R_LEAD2 \ AINN
W O ¢ < @
IDAC
R_LEAD3 Mux \H;z
>
REFP +
R_REF § V REF
p —
Purple line = >
REFN
IDAC1 + IDAC2 \ ~
=

VIN = IDAC1 * (R_.RTD + R_LEAD1) — IDAC2 * R_LEAD2

V_REF = (IDAC1 + IDAC2) * R_REF

VIN
ADC code = ——— Assume

V_REF / IDAC1 = IDAC2

_ IDAET = (R_RTD + R_LEAD1) — [DA€Y + R_LEAD2

(IDA€1 + IDAEZ) « R_REF

_ R_RTD +-REEADT= RTEAD?

Assume
2 * R_REF R_LEAD1 = R_LEAD2

_ RRTD
" 2 xR REF
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Understanding IDAC specifications

ey ————

Compliance voltage ensures both
IDACs can maintain constant current

Ratiometric measurements allow
relaxed absolute IDAC specifications

Matching specifications are most
critical for 3-wire RTD systems using
2x IDACs

ADS124S08 IDAC parameters

Parameter Condition MIN TYP MAX  Unit
0,
10 HA.tO 750 uA, 0.1% AVSS AVDD - 0.4
Compliance voltage deviation \Y
0,
1 mAto2mA,0.1% AVSS AVDD - 0.6

deviation

Accuracy To=25°C, 10 yAto 100 yA | -5% 0.7% 5%
(each IDAC) T, =25°C, 250 pAto 2 mA 3% 0.5% 3%
Temperature drift | 10 WA to 750 YA 20 120 opm/°C
(each IDAC) 1 mAto 2 mA 10 80
= o o 0,

Current mismatch T, =25°C, 10 pAto 100 pA 0.15% 0.8%
between T, =25°C, 250 pAto 750 pA 0.10% 0.6%
IDACs Tp=25°C, 1 mAto 2 mA 0.07% 0.4%
Temperature drift 10 pA to 100 pA 3 25
matching ppm/°C

250 yAto 2 mA 2 15

between IDACs
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How IDAC mismatch errors affect 3-wire RTDs

ADS124S08 IDAC parameters

AVDD
S
IDACT \@
R_LEAD1
AV ) O >
a | - - AINP
= L N el b -
o 2/ VIN
e T —— el e
L—w Q >, -
R_LEAD2 u\\ AINN
w—0 o {®
IDAC
R_LEAD3 Mux p\4
'/—()—>
1 REFP
R REF 2 V_REF
) -
Purple line = >
REFN
IDAC1 + IDAC2 \ ~
=

Parameter Condition MIN TYP MAX  Unit
Current mismatch | 1A= 25°C: 10 pAt0 100 uA 0.15% 0.8%
between T, = 25°C, 250 pA to 750 pA 0.10% 0.6%

IDACs Ty =25°C, 1 mAto 2 mA 0.07% 0.4%
ADC code = VN
00 = V REF
_ IDAC1 = (R_RTD + R_LEAD) — IDAC2 * R_LEAD
N (IDAC1 + IDAC2) * R_REF
IDAC mismatch error (E,y) + IDAC1 =500 pA
IDAC1 » - IDAC2 = 503 A
Eim=1- IDAC2 « Mismatch error = 0.006 (0.6%)

IDAC1 = IDAC2 * (1 — Epy)
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How IDAC mismatch affects 3-wire RTDs (LS R_REF)

IDAC1 = (R_RTD + R_LEAD) — IDAC2 * R_LEAD
(IDAC1 + IDAC2) * R_REF

ADC code =

_IDACZ » (1 — Eyy) * (RRTD + R_LEAD) — JDAC2 * R_LEAD
= [IM « (1—Epy) + }w@] % R_REF

ADC code

IDAC mismatch error (E)

IDAC1 (R_RTD + R_LEAD — R_LEAD * E;y — R_RTD * Ej) — R_LEAD
Ev=1-———= ADC code = > b
IDAC2 [(1 — Ep) + 1] * R_REF
IDAC1 = IDACZ * (1 — Em) R_RTD * (1 — E;) — R_LEAD * Eyy
ADC code =
(2 — E;y) * R_REF
R_RTD * (1 — E R_LEAD * E
ADC code = — ( i) — M

R REF = (2 — Ejy) RREF = (2 — Eqy)

How much ADC error does IDAC mismatch contribute?
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Calculating ADC error due to E;,, (LS R_REF)

ADC codey; — ADC code
General form of the error equation ADC error = Mismatch Mdeal ) 4 100%
ADC codejgeal
RRTD*(l—EIM) R LEAD*EIM ] [ R_RTD ]
BgR‘EF 2—E 2—E 2 *
Apply system-specific expressions ADC error = *( ) R RTD( M) * 100%
2 * BAEF
[R RTD * (1 — E;y)  R_LEAD * EIM] B [R_RTD]
Divide out R_REF ADC error = 2~ Ei = RTZD_ Eim 2 *100%
2
Multiply top and bottom by +—— ADC error — (2 *(1—Emnm) 2+RLEAD *Ejy 1) « 100%
and simplify 2—Emnm R_RTD * (2 — Ejm)
2—2x+E 2 * R_LEAD *x E 2—E
Set the constant 1 = 22IM ADC error ( i L LU IM) *100%
2—Eqy 2—Eym RRTD*(2—-Ep) 2-Emym
Simplify and factor out the —Em 2 x R LEAD
- = - - 0
common variable ZE% ADC error " Fppy |1+ RRD )" 100%
—EIM
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Measuring VIN (3-wire RTD, 2x IDACs, HS R_REF)

AVDD
/ /
IDAC] \@
] . IDAC1 VIN = AINP — AINN
— REFY VIN = V_LEAD1 + V_RTD — V_LEAD2
) " « V LEAD1 = IDAC1 * R_LEAD1
REFN]
f[\ « V_RTD = IDAC1 * R_RTD
O O >
= /R_—'_-_Ef‘.'?ﬂ_-________ AINP il e V LEAD2 = IDAC2 * R_LEAD2
2 B Bty VIN
€ | Mmoo s e > B
R_LEAD2 _C\ AINN] a
\ ' / _ _
TS -(P =0 ; < @ VIN = IDAC1 * (R_RTD + R_LEAD1) — IDAC2 * R_LEAD2
e IDAC2 (same VIN equation as low-side R_REF configuration)

R_BIAS%
Purple line = ¥ }_

IDAC1 + IDAC2
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ADC output code (3-wire RTD, 2x IDACs, HS R_REF)

AVDD
J
IDAC] \@
IDAC1
C >
REFP +
R_REF V_REF
-
>
+
VIN
G
R_LEAD2
R_LEAD3 ? IDAC] \@
Mux
IDAC2
R_BIAS% _
Purple line = ¥ l
IDAC1 + IDAC2 —

VIN = IDAC1 * (R_RTD + R_LEAD1) — IDAC2 * R_LEAD2

V_REF = IDAC1 = R_REF

VIN Assume
V_REF IDAC1 = IDAC2

/

_ IDA€T « (RRTD + R_LEAD1) —IBAC2 » R_LEAD2
B (IDACT) * R_REF

_ R.RTD +-REEADT= RTEAD?

B R_REF \

Assume
R_RTD R _LEAD1 = R_LEAD2

R_REF

ADC code =

What if IDAC1 # IDAC27?
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How IDAC mismatch affects 3-wire RTDs (HS R_REF)

IDAC1 * (R_RTD + R_LEAD) — IDAC2 * R_LEAD

ADC code = IDAC1 * R_REF

IDAEZ x (1 — Ejy) * (R_RTD + R_LEAD) — (I * R_LEAD
ADC code — /M ( M) * (R _ ) — (IDAE€Z «R_ )
[IDAC2 + (1 — Epy)] * R_REF

IDAC mismatch error (E)

Emm =

IDAC1 R_RTD — R_RTD * E;y — R_LEAD * Ej; + R_ LEAD=R-FEAD
- ADC code = —
IDAC2 (1 — E;m) * R_REF

IDAC1 = IDAC2 * (1 — Epy) RRTD * (1 —Edr)  RLEAD * Epy

ADC code =
O = R REF* (#2 Epy) (1 — Epp) * R_REF

RRTD  R_LEAD *Ey

ADC code = _
0% = RREF ~ RREF* (1 — E;y)

How much ADC error does IDAC mismatch contribute?
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Calculating ADC error due to E;, (HS R_REF)

General form of the error equation

Apply system-specific expressions

Divide out R_REF

Divide each term by R_RTD

Simplify

ADC codey; — ADC code
ADC error = Mismatch Ideal « 100%
ADC codejgeq
R RTD R_LEAD * Epy R RTD
_ " RBEF+(1—Ep)| 0
ADC error = R RTD * 100%
R EF
[R RTD + & Lfé%TMEIM] — R_RTD
= 0,
ADC error = R RTD * 100%
R_LEAD * Epy R_RPD
ADC 1009
error ( ZRTD * RRTD * (1 — Eyy) ,R{RTD) * 100%

Eim R_LEAD
ADC error = *

1 0,
1—E;py  \ RRTD ) = e
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Comparing errors due to E,, (LS R_REF & HS R_REF)

Condition

ADC Error

Comment

Low-side R_REF

High-side R_REF

G | f “Em (g 2 RIEADY 000 B (RLEADY 00
= * —_— ] X% = * *
enerattorm 2 — Enm R_RTD ° 1-Epy \RRID °
. —Emm 2 * R_LEAD R_LEAD Typical E,, values are very small
<2¢ ~ SR — 0 ~ i 0 IM

R_RTD = R_LEAD

3
~ _E*EIM * 100%

= EIM * 100%

When R_RTD is small, the LS
R_REF error due to E,is 1.5x
larger compared to the HS R_REF

R_RTD >> R_LEAD

1
~ _E*EIM * 100%

~ 0%

When R_RTD is large, a HS R_REF
has virtually no error due to E,
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ADC Error (%)

Plotting errors due to E;; (LS R_REF & HS R_REF)

Low-side R_REF

0.8

0.6

0.4

0.2

0

—Emm 2 xR LEAD 100% 1 E 100% Ei R LEAD 100% = 0%
= * —_— | * D X ——«x * 0 = * * D = 0
2 — En R_RTD 2 M 1—Epy \ RRTD
E,n = -0.2% 5 Em=-1% - Em=-2%
R_LEAD =10Q ' R_LEAD =1Q ' R_LEAD=10Q
1 1 w
Es=1%
g 0.8 g 0.8
S S
g 06 E,s=0.5% wm %6
9] S = S Y - 9]
9,: 0.4 9,: 0.4
0.2 0.2
E s=0.1%
e 8o ¢ o o o o o o 0o o 0 0 o 08 LS E.. = 0% E.. = 0%
e s S S WP W VY W W W W W "y EHszo% 0 .\‘__'_‘--=- . 0 \w“___ --Hs-==---
100 200 300 400 0 100 200 300 400 0 100 200 300 400
RTD resistance (Q) RTD resistance (Q) RTD resistance (Q)

**Choose high-side R_REF if possible**
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How IDAC chop works (LS R_REF)

: REFN
Purple line =

Circuit for A%D
measurement #1
) V4
IDACT \@
IDAC1
R_LEAD1
\ ) =
a | O AINP|
-
mI
* L—Wv—
R_LEAD2 _O\\ AINNT
ey
—wv——(P o <®
IDAC
R_LEAD3 Mux \lﬁz
y
REFP
R_REF
REFN
.
_l_wf
IDAC1 * (R_RTD + R_LEAD1) — IDAC2 * R_LEAD2
ADC Code #1 =

IDAC1 + IDAC2

R_REF * (IDAC1 + IDAC2)

Circuit for A%D
measurement #2
IDACT _@
IDAC1
R_LEAD1
\ ) -
a | O AINP
-
mI
m <
———AW— o) >
R_LEAD2 'C\ AINN
L AM— \—o— ‘ (:)
R_LEAD3 _Q IDAC _C
- Mux IDAC2
————»
REFP
R_REF

o

IDAC2 * (R_RTD + R_LEAD1) — IDAC1 * R_LEAD2

ADC Code #2 =
oce R_REF = (IDAC1 + IDAC2)
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Calculating the IDAC chop resulit

General form of the error
equation

Apply system-specific

expressions

Combine all IDAC1 and
IDAC2 terms

Factor out the (R_RTD +
R_LEAD1 — R_LEAD2) term

Simplify assuming
R_LEAD1 =R_LEAD2

Reduces to ideal ADC
output code equation

Measurement #1 + Measurement #2

ADC code =
2
(IDACl « (RRTD + R LEADT) — IDAC2 + R LEAD2 , IDAC2 « (R_RTD + R LEAD1) — IDACI » R_LEADZ)
ADC code — R_REF * (IDACL + IDAC2) R_REF  (IDACL + IDAC2)
ADC code < 'DACL* (R-RTD + R LEAD1 — R LEAD2) + IDAC2 « (R RTD + R LEAD1 — RLEAD2)
coae = 2 R_REF * (IDAC1 + IDAC2)
(R_RTD + R LEADL —R-FEAPS) * (IDACL + IDAC2)
ADC code =

2 * R_REF * (IDAC1 + IDAC2)

R_RTD * (IDAC1 + ID
ADC code = — ( M

2 * R_REF = (JDACTI + IDAC2)
ADC code = D
€0%¢ = 2« R REF
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Thanks for your time!
Please try the quiz.



Quiz: Challenges with 3-wire RTD systems

1. (T/F) Measuring 3-wire RTDs using one IDAC generally has lower error compared to using two
IDACs because the two IDAC method introduces IDAC mismatch errors.

a) True
b) False

2. When measuring 3-wire RTDs using two IDACs, which configuration has the lowest error?
a) Low-side reference configuration
b) High-side reference configuration

3. (T/F) Measuring 3-wire RTDs using two IDACs is faster compared to using one IDAC because
the two IDAC method only requires one measurement.

a) True
b) False
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Quiz: Challenges with 3-wire RTD systems

4. Whatis IDAC chop used for?
a) Itis used to effectively cut the IDAC into multiple equal sized pieces

b) Itis a method used on single IDAC measurements where the IDAC is pulse-width
modulated

c) Itis used to remove IDAC mismatch in 3-wire, two IDAC systems by taking one
measurement, then swapping the position of the IDACs, taking another measurement, and

finally averaging the results

5. What is the disadvantage of IDAC chop?
a) Two measurements are required, which increases measurement time
b) It always requires an external multiplexer
c) It can lead to uncontrolled oscillations
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Thanks for your time!
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