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2- 3- 4- Wire RDT (Pt100 to PT1000)
Temperature Measurement




RTD Sensors

most common PT100; PT500; PT1000

RTD: resistance temperature device
Linear resistance change with temperature
Positive temperature coefficient

Wire-wound or thick film metal resistor

Over Limited Temperature Range
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RTD Sensors

Advantages and disadvantages

Advantages

Accuracy available to +/-0.1 C

High linearity over limited temperature range; ex. -40

Disadvantages (mostly minor)

Cto+85 C

Wide temperature range: -250 Cto 600 C (ASTM) 850 C (IEC)

Limited resistance range 100Q to 1kQ (typically)

Up to 10kQ), Down to 10Q available

Low sensitivity, about +0.4Q)/ C for a 100Q Pt100 RTD

Requires linearization for wide range; ex. -200 C to +850 C

Lead wire resistance may introduce significant errors

Cost is high compared to a thermistor But Wider Temperature Range
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Discrete SS Solution for RTD Measurement

H
13 blue = 0°C
, RAWa30 The2
AAN—C— red = 100°C
ERD
5 RWb 30 10022
1000hm 19455V 2
RTD( =
1400hm 13 Awe3e -
=20m\ 1.9255V 7 B
1.9455W
AWd 30 [ | 3

REF1 REF2

Vage 3V 0.3mA CDZ CDZ 0.5mA

~.  BF861A

OPA
— 1.25V

HS ETi
2.5k0 =

BF861A

Gain=100

PGA112 MSP430

ADS

REF INA= INA326; INA333

Ve OPA= OPA333; OPA378

n

BN outr

QUTS

GHDF GNDS

j_T REF= REF3112; REF3212

c, -
sroré T ‘ Vref=1.25V

The matching of the current sources depends only on the matching of the two Rset Resistors,
because the offset and the offsetdrift of the OPA333 or OPA378 are extrem low.
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ADS1247/48

24-Bit, Complete Temperature Measurement ADC

features KNey Benefits

Device Features: + Ultimate Temperature Sensor Measurement
- 2/4 Differential or 3/7 Single-Ended Solution
* True Bipolar £ 2.5V or Unipolar 5V

* Most Flexible Front End for a Wide Range of
* Max Data Rate — 2kSPS Industrial Sensors

* Low Noise PGA: 40nV @ G = 128

* 50/60Hz Simultaneous Rejection Mode (20SPS) _ _ _ .
* High Integration Without Compromising

On-Chip Integration: Performance
* Low Drift Internal Reference (10 ppm/°C Max) « Scalable Solutions
* Dual Matched Current DACs (50 — 1500 pA)
» Oscillator, Temp Sensor, Burnout Detect oy VR GO | e v
+ 418 GPIO’s | S 1 | il L1 avsua
* 16-Bit version: ADS1147/48 coming 2Q’09 | wEEws | " | ADS1248
BIPMOENC k] SCLK
Applications wzze S O e S
- Temperature Management :EEEEZ% /f-j::m el b ¢
— RTDs, Thermocouples, Thermistors Pt >§E,;g =
« Flow/Pressure Measurement PRI s K N bt
* Industrial Process Control T - J
EVM " faosrzeon a o
- ADS1248EVM 20/28-Pin TSSOP
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............ ADS1246/47/48

AVDD AVDD . . .
Analog Input Multiplexer Circuit

oo

System Monitor

1 1
] 1
i i
1 1
] 1
1 1
AVSS O AVDD i E gvsms ;—- -------------------------------------- .
I 70 ¢0 1t / Co g |1\ uxeaL-oon AVDD  AVDD :
AINO *H—i—l—o— S 1
1 1 L% I 1
AVSS C AVDD 1 g VBIAS 1 —O VREFP 'gg(r)ndperature :
- 1 H (MUXCAL = 010) lode
- ¥ % i ./2 ,/z E ./ ‘_/C_“ . i ;o—{) VREEN ‘ (MUXCAL = 011) i
I 1 R -~ S o : 1
1 1 = ==
1 1 2 = 3 1
1 1 ® 1 o 1
mm——— e D 1 1 1
i ADSTZATHBONY pvss ¢ AVDD VBIAS i i >—o VREFP”"; (MUXCAL = 100) i
i % % L % / s o—lw < | 0—0 VREFN1/4 :
: AIN2 P! i | g ::EE:Z’: (MUXCAL = 101) E
! AVSS % %\AVDD Q VBIAS | T =% / i
1 1 1
! ey & 14 +— o—0 AVDD/4 i
1 [ 2 o @ /(, ) =
1 AIN3 — o . ? =/ — 19 "_i_/o oavssy MUXCAL=110 |
e e e e e e e R e e e e e : i o—O DVDD/4 :
i ! > " (MUXCAL = 111) 1
i AVSS AVDD VBIAS I -
{ g i e e o o e e e o o o i H
i AIN4 ”_/3 ./i ./ — AVDD
I ' |z, o A
' L)
: AVSS C AVDD g VBIAS E Burnout Current Source I DACl an d IDAC2 can be Seq_u ent-
i % % B ’/T i re oswa A 1004 |y connected to each of the eight
1 r o > .
1 AN M ¢ e e i input channels and at the same
i i o time all these inputs can be se-
1 i AIN, BEA To
i ASED DA Lz Lo g e : ANy ac  quently connected to the PGA
- riri [ —% it ! input. This allows to drive the
E — e _— T Bumout current source. €XCitation current to one input and
E i % o +% Y : Oouhan 10 measure at the same time the
E AIN7 ‘“— 1 = :. s voltage drop on this input.
| ADS1248 Only |
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Ratio-Metric 2-Wire RTD application

(1) RTD line resistances. IDACH
--------------------- AIND 1.5mA
' RTD -\ =
o or Al \ <
(AR ; 1 “,
| 150 R15Q 1
\ M
W=/ MUX
---------------------- AIN1
. RTD J *."""-.-"a"-."h | S O
: . RMsQ 1 h
| 150 R15Q | -
=AM AN At :
AAA VVV T o PGA Modulator
' RD ——/W—
I Wou
: J_ M50 /GE‘A]I‘I =128 \_
R ;‘ .
| 150 [ R’150Q
: ."I""."Illl'-'llf ."Iill'v'llll'-'
Upto 7 RTDs
are possible
ADS1247/48
(2)
Rgias should be as close
: ¢—— REFND
to the ADC as possible. AVSS DGND

Advantage:

*Very simple RTD connection.
*IDAC generates the sensor
excitation and the reference
voltage.

*Noise and drift of the Ref
voltage are correlated and
therefore canceled.

*Only one current source no
mismatch.

*Up to 7 RTDs are possible

Disadvantage:

Voltage drop across the line
resistance.
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3-Wire RTD connection

(1) RTD line resistances.
AlNo i @ IDACH Advantage:
, 1.5mA
) /@ IDAC2 *IDAC generates the
AINTL | \ \ 1.5mA sensor excitation and

the reference voltage.

:r";{T‘[;“J““‘j_ﬁ,j-.;ﬁ"’; ANZL ™ / *Noise and drift of the ref

i = (1) :

RO ;;4 RS | BGA Modulator voltage are correlated

' 150 AR5 | AING and therefore canceled.

: Ah A MR : °

—/\N—— V= — e 12s N _Voltag(_e drop across the

i AING line resistance are

 RID [ vVv— - MUX compensated

- (1

! R () ;;/ R 150

VLA :

By AL 158 ANs|

A I"-"t - At I"."I. : .

[ S———— ' Disadvantage:

¥ REFPO
*Needs two current
- - EIAE
IDACT+IDAC2 Ao ADS1247/48 sources.
*Only IDA rrent
(2) Rpias should beas close ¢ REFNO AVSS DEND O y ‘ hC Ctjt €
to the ADC as possible. l . mismatch maters.
Up to 4 RTDs are possible ®
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3-Wire RTD with compensation

(3) Rcomp equal to the RTD resistance on
a reference- or calibration-temperature

e — Y AINO / IDACH
ALY - ! ( \ 1.5mA
! R, 15Q ! (3
! 1) ! Reome / IDAC2
! 150 1 110Q 51y \ 1.5mA
. /W -
e o e o e e e e e e e e e e e —
P FA AIN2 ™\ /
Nyl -
| 150 [’ RISQ 1 1102 .
Ao AoA | Y
WA W= ] L ~Gain=128  \__
e T e a AIN4
B e i
I = H:'_ 160 1 )]
RO L R, MUX
| 150 RI15Q 1 1102 s
REFPO
Ry g
IDAC1+IDAC2 o ADS1247/48
2 R
(2) Rglas should be as c.Iose ‘ | SEENO
to the ADC as possible. AVSS DGND

(1)

RTD line resistances.

Up to 4 RTDs are possible

—

Advantage:

*IDAC generates the sensor
excitation and the reference
voltage.

*Noise and drift of the Ref
voltage are correlated and
therefore canceled.

*\Voltage drop across the line
resistance are compensated.
*Allows complete utilization
of the input range, no offset
caused by the RTD itself.

Disadvantage:

*Needs two current sources.
*Only IDAC current
mismatch matters.
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(1)

(2)

4-Wire RTD

IDAC1
Y VR VY AIN1I_ 1.5mA
| TRTRY T
| (1) i
| RTD RL15Q |
| i 5
| R 150 RMsQ |
| AL AIN2
| ‘JII‘W - W 'l."ll'-" 1
S T AING MUX
|£»‘;;.;,;-"; ----- 1 AING
T Wy ] VY :
' RTD ;tf RMs0 ! ™ /
| - 1
=y - (1} |
R 150 R, 1502
L L n L AINS PGA Modul:
| ! 'n"ll'-'l - 1 "'n.. |
rrmmm s "IEXC1
|£’_IF',}"-II_II':___]; ————— " —aia——': AING .%33“1 = 128 .
| CERT S ) 'l ]
| 1
| RTD ;74 AMsq |
1 = N 1
| R15Q 77 RMs0 | AINT
—/ W\ ==
e o e e e e e e e e e e e — 1
REFPO ADS1247/48
] ] IqEI.MEi
RTD line resistances. B33
) REFNO
AVSS DGND
Raias should be as close "

to the ADC as possible.

"

Up to 3 RTDs are possible

Advantage:

*IDAC generates the sensor
excitation and the reference
voltage.

*Noise and drift of the Ref
voltage are correlated and
therefore canceled.

*\oltage drop across the line
resistance are compensated.
*No IDAC current mismatch
because only one current
path is needed.

Disadvantage:

*Four connections are used
for every sensor.
*Up to 3 RTDs are possible
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Programmable Universal I/O Device

This presentation will show a possible solution for a
programmable universal I/O device used as a standard

flexible 1/O building block in the industrial process control
market.
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Programmable Universal /O Device

k\?‘ Universal I/O Device @
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Analog In - possible solution
ADS1248 or ADS1148

24 bits No Missing Code

Data Output Rates Up to 2ZKSPS

2 Differential /3 Single-Ended Inputs
(ADS1247)

Matched Current Sources Output @
50uA, 100uA, 250uA, 500uA, 750uA, 1000uUA,
1500uA

Low Noise PGA: 40nV @PGA=128
Unipolar (+5V) / Bipolar(x2.5 V) Operation
50/60Hz Rejection

Burnout Detection With Selectable Current:
0.5uA, 2uA, 10uA

8 General Purpose 1/Qs

Very Low Drift Internal Voltage Reference
10ppm/°C (max)

Internal Temperature Sensor

Power Supply and Vref Monitoring

Single Cycle Settling

Self & System Calibration

SPI™ Compatible Serial Interface

Analog Supply: ¥2.5V , 0~+3V, 0~+5V
Digital Supply: +2.7V ~ +5.25V

Operation Temperature -40°C ~+ 125°C

AlNO/lexc

AIN1/lexc
AIN2/lexc/GPIO2
AIN3/lexc/GPIO3
AlN4/lexc/GPIO4
AINS/lexc/GPIOS
AING/lexc/GPIO6
AINT/lexc/GPIOT7

RFEFOP/GPION

REF1P VREFP

AVDD REFON/GPIO1 REF1N VREFcom DVDD
Fan
AVDD
Burnout
Detect oed Voltage
Reference
> GPIO bl
Serial
> 24 Bits Digital I '
I —= Interface
MUX _|[PGA A-Z ADC Filter And
‘—l Control
"'_OO/"'T’ Current Internal OSC
-—o0 ¢~ Source /Ext CIk. }
Burnout @ System
Detect e Menitor
W, WS
AVSS IOUT1 10UT2 CLK DGND

ADS1248 Block Diagram

SCLK

DIN

DRDY
OUT/DRDY
Ts

START
RESET
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Input Details for +/-10V and 0 to 10V

REFOP REFON
AVDD +2.5V /GPIOD  /GPIO1 REF1P RE
Anal 0-10V GND =
nalod 1 yoitage Input |— Y
Input 1 A0 Burnout Detect AvBD
20k :
\bias
AlND/lexc
2 S\ - -
80k
AlN1/lexc SCLK
DIN
AlN2/lexc/ A GPIO2 24 Bits DRDY
- A-Z ADC OUT/DRDY
AlM3/lexc! A GPIO3 CS
- CS
ADS1248 FS o MUX START
Allex —_—
—_ _— RESET
= +/-2.048V
Inout Sianal AINS/lexc/ ° :r‘ “v| Current
P g ~—°&,+=] Source_
+/-10V AING/lexc/
divided by 5
AlNT/lexc! I GPIOT
ADS1248
Burnout Detect @
AVSS
—
AVSS 25V [OUT1 IoUT2
i3 Texas
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Input Details for 0 to 20mA and 4 to 20mA

Analoyg
Input 1

AVDD +2.5V

0-20mA
C tl t
urrent Inpu 120mA %

AVSS _T_ i——J AINO/exc
+ AINT/lexc
i
e ——— _Ii_l__
| [A1_[# AIN2/lexc/ | aPio2
AINanexes 1 apios

AlNESlexc/

AlN4/lexc/

AlMNG/lexc!

= =

ﬁ"ff 4 Pin SOP OptoMOS® Relay

Shuntprotection e.g. current

limitation to 25mA

AlN7/lexc/ | GFIOT

MUX

Burnout Detect @
AVES

AVSS 2.5V

1oUT

rerop |REI |
IGPICO i IGP

Burnout Detect I
Vblas
) -

SCLK

DIN

DRDY
OUT/ DRDY
CS
START
RESET

ADS1248 FS =
+/-2.048V
20mA multiply
with 1000hm
results also in
2V
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Input Details for KTY Measurement

TS AVDD 125V I%E,fgg
T S 0.25mA (
Analog w?tlll:p(l:.urren;:lstor 0.5mA AVDD
Input 1 excitation 0,75mA 20k0 Burnout Detect
TmA Vblas
1.5mA
N\f‘ AIND/lexc
: - -
B0k [
Current AIN1/lexc
Source o=
via Mux
AlN2/lexc/ IGF’IDQ _ -,;-\\\N
AINI/lexc/ GPIO3 _ L~
“ | MUX
AlN4A/lexc/ GPIO4 _
TY g
AINSnexc/ A GPIOS )
I - |
AlNG/lexc/ GPIOB
GND -
GND Ti7 _—
AINT/lexc/ GPIOT
Matched Current Sources Output 5 ¢ Detect
@ 50uA,100uA, 250uA, 500uA, umOLtDERE W s
750uA, 1000uA,1500uA -
AVSS 2.5V 1ou

[ |

SCLK
DIN

DRDY

OUT/ DRDY

Cs

START

RESET

ADS1248 FS =
+/-2.048V

By using the
PGA function
the input
sensitivity can
be increased
up to +/-16mvV
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Analog In — The whole circuitry for 2 Ch.

. 0-20mA
Current Input 1 20mA
_ 0-10V |
Voltage Input NETTY . REFOP : REFON ; ’ !
Analeg 0.1mA GND AVDD +2. IGPIOO | /GPIOT |
Input 1 [0Z5mA O -
Temp. Sensor
. N 0.5mA AVDD
with current Burnout Detect
excitation 0.75mA 20kg2
1|;1ﬁA Vbias
Am
W AlNO/lexc
; . - GPIO
oxcitaion 80k2
@ AlN1/lexc SCLK
DIN
[T AlN2/lexc/ > DRDY
5160 PGA =%
o OUT/ DRDY
AIN3/lexc/ S
@ W - -
current a0k MUX START
excitation AIN4/lexc! GPIO4 —_—
e = flexc/ B o797 | RESET
KTY 100 Q % AIN5flexc/ A, GPIO5 ° /o
- - 06+
GND L
GND AlNG/lexc!
Current Input 0.20mA
4-20mA AlNT/lexc! Y GPIOT AD
Voltage Input ?1;]:\! | |
Analog Lﬂ_L—iJ Surnout Detect AVSS
Input 2 0.1mA 4 _ —|—‘_—|— —
Temp. Sensor 0.23mA ﬁf T M o -
with current 0.5mA ’ AVSS 2.5V IQuUT1 1ouUT2
excitation l;l.?i:nﬂ I I ] Shuntorotecti t
m ; @ 52 = \untprotection e.g. curren
1.5mA 4 Pin SOP GPtOMOS RE|3)' - limitation to 25mA
TEXAS
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Analog In — The whole circuitry for 2 Ch.

Shuntprotection e.q. current

+2.5V  AVDD

& = limitation to 25mA GND
Anal V |t C t Burnout Detet
naloq oltage, LuUrren i
20k
Input1 | Temperature Vbias
i AIND/lexc
” -
CUrrel
// excitation 80ka AIN1/lexc
= )KTY S — s ainziexes | grio2
C{'" oY >
" r A AlNleedeGPloa -
current
Ten 80k
‘e}f-'{““"“ é AiNariexcs ) GPIO4
Pl é
KTY o< o Eﬂk!d% ANs/iexcr A GPIO5
GND &
GND 1002 AlNG;lexcxIGPme .
Analeg | Voltage, Current >( -
|"|H“2 Temperature \\/\\/ AINT lexc/ GRIOT

OptoMOS® Relay

Burnout Detect

2.5V AVSES

The input impedance

= 100kOhm remains in
parallel, to all the different
input configurations. Only
the current measurement
needs two additional
switches (OptoMos Relays).
These switches are
addressed also from die
digital I/0O of the ADS1248.
Therefore its only necessary
to talk to the ADS1248
interface, to handle all these
input configurations.
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Analog Out - Possible Solution XTR300

USER-SELECTABLE: Voltage or Current T ?
Output

+40V SUPPLY VOLTAGE
Vout: £10V (up to £17.5V at £20V supply) ot
. é Rimon
lout: £20mA (linear up to £24mA) < 182
SHORT- OR OPEN-CIRCUIT FAULT input Signal |\ Vi

—y

INDICATOR PIN -

XKTR300 W+ W—

[ Optional) SET

NO CURRENT SHUNT REQUIRED ;

OUTPUT DISABLE FOR SINGLE INPUT MODE Fes = Regr
THERMAL PROTECTION 5

A

Raan

Load

OVER-CURRENT PROTECTION Vrer -

SEPARATE DRIVER AND RECEIVER i
CHANNELS o © o

DESIGNED FOR TESTABILITY oz | conto
—

1A

@ |
= =
=
[#L]
O
= |0
==
T m
& g
]
DI'I1|'I'|
o8 |6 |=
Lobd

GMND2Z

13 TEXAS
INSTRUMENTS




Analog Out - Possible Solution XTR300

GND

+18v " 18V
Ll I—'—l 2 x 0.47uF Terminal
REF 4V W I_{ _18V +18V Connector
1
| 22nF o—pl—Plo |

XTR300 p—

R
=
3
o

M

2

Inface

3 S O
7~ IErrur Flags % ok 1_{

3;( Dgtl. Cun‘tro‘ —

Single-channel drive with XTR300, Viy = 0— 4V, Vgyr = 210V or lgyr = £20mA.
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Analog Out - Possible Solution XTR300

The XTR300 can be used with asymmetric supply
voltages; however, the minimum negative supply
voltage should be equal to or more negative than -3V
(typically =5V). This supply value ensures proper
control of OV and OmA with wire resistance, ground
offsets, and noise added to the output. For positive
output signals, the current requirement from this
negative voltage source is less than S5SmA.
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Bridge Measurement with 10V Radiometric Sensor Excitation

ADS1246/7/8
TPS73025 28V
1oV 7805 TPS77025 °
T T T T \
0.33 uF 0.1 uF 0.33 uF 0.1 uF
T * 0 Power supply ADS1247
0.33 puF 0.1 uF 0.33 puF 0.1 uF
P L L L
15V o—L 7905 B - —T—o REFNO
2,5V
| 100kG N WKL | sense
' ~ 0,5V
o REFPOQ
40kL2
INA159 W e
Tav

The INA159 provides a very precision gain of 1/5 with a very low gain drift. So by using the INA,
we generate a 2V reference voltage for the ADS124x. By using the REF pins this voltage was
referenced to the -2.5V. The ADS124x can work with a bipolar +/-2.5V supply, therefore we need
no additional common mode shift. The radiometric measurement allows the use of very cheap
LDO'’s for the bridge supply. No additional precision REF is needed.
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Bridge Measurement with 10V Radiometric Sensor Excitation

+15V

0.1 uF I“\

LM317M

Adjust

Rz

0.33 uF

sl

o——

TPS72325

-5V bis 10V

2,5V

+7,5V
-
& e o\ ve Vo= 12 (v3-va)
ADS input Ry INa157 Rs
—In 12kQ Bk |
Bridge -G W———W!
0.1 uF +In 1?}?{2
\l/ \/\Vn‘\",,"
J O ® <'r> G%Q
25V 4|\/— ‘IlRef

Power and REF
ADS1232/34

o ="

The INA157 provides a very precision gain of %2 with a very low gain drift. The low power of the
ADS1232 allows to use the INA157 to drive either the REF and the ADS with 5V. This allows the
use of very cheap LDO for the bridge supply because the INA157 takes care for the radiometric

measurement. The unsymmetrical power supply for the bridge, shifts the input signal into the
common mode range of the ADS1232.
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The PGA280 + ADS1259
Working Together to Create
HV Industrial Solutions




PGA280 + ADS1259

High Precision Data Acquisition Solution

Features

PGA280 + ADS1259 chipset for Industrial Solutions

Appilications

Data Acquisition
Industrial Process Control
Scientific Instrumentation

EVM
Test and Measurement

Benefits

ADS1259 combined with the PGA280, forms a data
acquisition chip-set capable of digitizing a wide
range signals from low level transducers (such as
thermo-couples) up to high level process control
signals (+/-10V).

The ADS1259 provides a clock output to
synchronize the PGA280 input chopping to
preserve the low noise performance.

The readings of the ADS1259 settle in a single cycle
which enhances the data throughput in multiplexed
signal applications.

=l PGA280/ADS1259 EVM Coming Soon!
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http://dataapps.tuceng.sc.ti.com/pa/lib/exe/detail.php?id=parts%3Aads%3Aads1259%3Aevm%3Auser_guide&cache=cache&media=parts:ads:ads1259:evm:ads1259evm.jpg

PGA280

Zero Drift, HV Programmable Gain Amplifier
Benelits

Features

= Near Zero Drift: 0.1 pVv/ C V4 Drift, 0.5ppm/ C Gain Drift
= Low voltage offset: 15uV (max) G=128

= Binary gain steps: 128 to % VIV

= 1V/Vand 13 V/V additional output scaling

= Fully differential Input/Output and RRO

= Excellent CMRR: 140 dB

= High input resistance and 2 nA (max) I, G=128

= Low Noise: 22 nV/sqrt-Hz G=128

= Wire-break test current, switch matrix, and error detection
= +Unity gain BW = 1.2MHz

= BW > 10kHZ at G=128 _
= Wide input range: 1k gggei
+/-15.5V at +/-18V supply $2.

2 channel muxed input

Applications

= High Precision Signal Instrumentation

= Multiplexed Data Acquisition
= Universal High Voltage Analog Input Amp
= Universal Industrial Analog Input

Ideal for over temp performance and long term stability

Enables precision measurement of small dc signals

Input Range from 30V down to a few mV

Output fine scaling for optimal gain adjustment

Drives and matches inputs of modern high-resolution ADC’s
Ignores large common-mode noise signals and offsets
Accurate with unknown source resistance and variations
Low 1/f noise to match performance of high res ADC
Enables signal source diagnostics and indicates overload
conditions

Onptimized for low charge injection and fast mux cycling

+ 18 =18%

+ 5y

Corfral Hogstar
TREE S0 imarace [—— 55|

| o
I -
I OS1258
Saurca N
M1 | Sk T T
ML I Butar 3
Bl | l
| -
1 ”/ =
1
|
1

TSSOP-24 package
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PGA280 Easy Message

1. Universal Sensor Conditioning
- input ranges from 20V+ down to a few mV

- 3dB fine gain steps from 1/8 V/V up to 128V/V

2. Fully Diff 1/O solution for connecting high voltage signals to low voltage domain
of high resolution ADCs.

— Fully differential +/-15V PGA signal swing for seamless ADS input
— Powered from +/-18V while the output drives into 5V (or 3V) single supply

- Output stage supply voltage normally connected with converter supply preventing signal
overloads from the high-voltage analog supply.

3. Zero Drift for best offset drift and gain drift performance and long term stability
- 0.1 pVv/°C Vos Dirift
— 0.1ppm/°C Gain Drift
— 3.5 nV/month long term stability
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PGA280 Additional Advantages

High speed current buffers to prevent inrush currents

2 channel MUX with several signal switches for diagnostics

Additional Error Indicators

GPIO Port

EMI Hardened
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PGA280 Additional Advantages

« High speed current buffers to prevent inrush currents

Inrush currents can be generated during fast signal transients like those generated from switching the signal multiplexers.
Buffers can be activated on demand and minimize discharge errors in passive signal input filters in front of the MUX.

WITHOUT current buffers, the fast signal transient would overload the precision amplifiers and high bias currents could flow
into the protection clamp until the amps recover from the overload.

VEP
This momentary current can influence the signal source or passive filters in front of the MUX and generate long settling tails.
100wA,
Actlvatln@‘the ffer avoids these overload current pulses.

The buffer dlscenn automatlcally after an adjustable time.

ON

For contiyou us S|gnal rneasuggmem—tk e buffers would-nef be used.

NP2 WV "Alb J&. A A
[T T T T T T T T L T R . _IIII|IIII|IIII|IIII|IIIIIIII|IIII lllllllllll LI
o ; ; ; : Signal Input ] P P = i Signal Input 3
- + to IMP1 3 = to INP1 3
= : Ch 4, 2Widiv ; [ = Ch 4, 2Widiv ]
E £-T5l@ Connesting to INP1] [ - L 1.5k Connecting to INP13]
- F 4 Cha, 2Vidiv ] pueE— - S Ch2, 2V div .
- ',,.[ll T - 'y | \ | :
a . ¢ : i t 3 = = } .
- C : e ] . = ; : : : : ]
= kS ;. Diff Signal Output 3 o : . Diff Signal Output ]
= : Ch1, 1Wdiv _Er' = Ch1, 1Widiv 3
2 t IERRRTENE i 2 f VAR
% T '; VS0 ? : ' ' : + : : : ' ‘;
o g g g g gy g Toa gy daaa e laaagg 1y ] ph{,trallm{,lrfa( m,,i....i,,..i....:||||i||||i|||||||||i||||-

1us/div | Controls 1us/div

Buffer OFF: Input Clamp Current Flowing e Buffer ON: No Input Clamp Current Flowing
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PGA280 Additional Advantages

2 channel multiplexer with several signal switches

INP2 A — o o
At f ot Fo

8000 Al

1 o

Allow signal diagnostics of wire break, input disconnect, single-ended and shorted inputs
Switches controlled individually via digital SPI

Primary channel (INP1 and INN1) provide switches (A and B) and current sources for wire break test.
Switches (C1 and C2) are used to measure the input voltage referred to ground.

VP
1000A,
Source VSON
F1 G
a
r. [ B1 VEON

INP1 v o PR, l\
=]
D12
7 -
. Gain
r £ o 5
B00L B2b Network
- A i
INMNZ W O o— -
Az — oo
— e
6000 Az >
INMT ATV ol o "0 .
c2 ]
v .h._‘n W
h -.
. o )
F2 G2
1008 WSOM WSOM
Sink
Serial Peripheral Interface
WEM and Controls
VDD DGMND
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PGA280 Additional Advantages

Additional Error Indicators
— Input clamp conduction (ICAerr)
— Input Overvoltage (IOVerr)
— Gain Network Overload (GAINerr)

— Output Amplifier (OUTerr) VSP VSOP
Vep — o~ o~ ~
£, VSP -
5 ‘-' ’ 1.-\..\I\.
VSN — - vsor — i
Error: VSN fo
In puj COMIMON-mode Error: . VSON %,
. Input stage mil
Error: i |I / Error:
[ |_, Clamp condition e il Input stage rail
|I:‘-- - I' ;r' - -
I| 1 — — *
" *
B MUX . , .
| ]
Gain |
: Controlled ' f
Note: E Channel/Gain Switch ] 7 *
The signal path is observed — { | \
for possible limitations; flags Rl S Az
are stored and indicated in e i e '
. T rror:
Register 4. | | | | | | | | input stage Crror.
current limit row:
I:' ; Output stage
D 4 Drigital /0 current limit
, :
VSN VSON
i3 TExas
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PGA280 Additional Advantages

. GPIO Port
— Controls the MUX and switches and indicates internal conditions.
— Can be configured for input or output

— Special CS mode extends the communication to other external SPI devices such as data converters,
shift registers, or even other external MUXs.

— Especially desirable when using galvanic -isolated SPI communication.

CcS = PGAZB0
=0 i ML
GPIO
I
- —
=00 —=— OR =
e
ECS ¥ ‘
e l||1'.||::|
oL ———- !
- shift Register
or DAC
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PGA280 Additional Advantages

EMI Hardened
— PGA280 has been specifically designed to minimize susceptibility to electromagnetic interference by

incorporating an internal low-pass filter.
— Additional EMI filters can still be used next to the signal inputs of the system to further harden the system
— Other good practices will include using short traces, low-pass filters, and damping resisters combined
with parallel and shielded signal routing.

*RFIl or EMl interference contributes to the DC offset N OTI C E

error at the output of the device.

*RF signals greater than the GBW of the amplifier

are down converted and the amplitude component ( ® )
of the RF signal affects Vos and Vos drift of the

amplifier.

*As arule the GBW<<EMI filter BW< EFI
Radio frequency fields beyond

interference Sagsih horcs
—For analog design, wavelengths of 10ft or - oy
less are of most concern or frequencies of i ; P S T A

'bey all posted signs and site guigelines for
100MHz (FM) and greater w0'klingm radio fregquency environments

In accordance with Federal Communicaticns Commission
rules on radio frequency emissions 47 CFR 1.1307(b)
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PGAZ280 for IPC and PLC

 Implemented in test labs, fabrication plants, military, medical, etc.

e Leverage MULTIPLE sensor types and feedback to monitor and control local environment

* Collects and stores and analyzes data

e Acquiring data from sensors requires precision performance and processing of very low values
of small changes in analog voltages/currents

Key Advantages of PGA280 for IPC/PLC

* Wide input range and gain range options can match
variety of sensor input signals to ADC in just one part
2 muxed channels for multiple sensor inputs

e Zero Drift offset for precision measurement of small
signals

» SPI for galvanic isolation of channel

* Port pins for external functions (ADS, MUX, etc)
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ADS1259

Industrial, 24 Bit, 14kSPS ADC with Low Drift Reference

Features

0.00004 % INL

0.05uV/C Vost drift, 0.5 ppm/C Gain drift
2ppm/C 2.5V Internal VREF with 10mA output current
Selectable data rate from 10 SPS to 14.4kSPS

Clock output

2% max trimmed internal oscillator
Single cycle settling SINC filter
Digital filter for 50Hz/60Hz line cycle rejection
Fast response out-of-range detector

Checksum and redundant data read capability
Low Power: 13mW operating; 25uW shutdown
Analog supply: +5V or +/-2.5V
Digital supply: +2.7V to +5V

Appilications

Data Acquisition chipset with PGA280

High grade

Industrial Process Control
Scientific Instrumentation
Test and Measurement

Benefits

Highest Linearity 24 Bit ADC maximizes dynamic range and resolution

Fully specified DC performance ideal for accuracy over temp

Minimizes temperature drift error from the reference

Optimizes noise (23.4 to 19.6 noise free bits): 0.7uVrms @ 60SPS
Syncs the PGA280 input chopping to preserve noise performance

Provides 12dB better line cycle rejection than competitors

Enables low latency conversions and enhances throughput in mux apps

Provides better than 65 dB (+/-1.2Hz) normal mode line-cycle rejection

Indicates when patrtial or full overloading of the ADC does occur

Enhances data integrity

AVDD VREFP WVREFN REFOUT CLKDUT DADID
r ]
258V - |

$680 1k el eranca bl Ganaraior
MNP | AZ Frogramrmalik Calibrafion |
Modulaior | | Diglal Filler [ | Engine [ =
AlNN |
Canral |
and |
L] Sarial |
Out-af-Range niertacs |-
Dot it |
I

ADS1259
AVES DEMND

20 pin TSSOP package

XTALTACLKIN

XTAL2

RESET/FWON
START

g
SCLK
DIN
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PGA280 + ADS1259 Easy Message

1. Universal Sensor Conditioning
- ONLY analog front end solution that is a “universal input voltage range” with the ability to input signals from
over 30V down to a few mV.
- 3dB fine gain steps from 1/8 V/V up to 128V/V

- Supports just about any low level or high level industrial sensor in just one device

2. Fully Diff I/0O solution for connecting HV signals to LV domain of high res ADCs.
- Fully differential +/-15V PGA signal swing for seamless ADS input
- Powered from +/-18V while the output drives into 5V (or 3V) single supply
- Output stage supply voltage normally connected with converter supply preventing signal overloads from the
high-voltage analog supply.
- The ADS1259

provides clock output to synchronize the PGA280 input chopping to preserve the low noise performance.
Readings settle in a single cycle which enhances the data throughput in multiplexed signal applications

3. Zero Drift for best offset drift and gain drift performance and long term stability
- 0.1 pVv/°C Vos Drift
- 0.1ppm/°C Gain Drift
- 3.5 nV/month long term stability
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PGA280 + ADS1259 Solving PLC Issues

 High speed current buffers to prevent inrush currents

« 2 channel MUX with several signal switches for diagnostics

« Additional Error Indicators

« GPIO Port for external mux/switch control and ADC communication

« EMI Hardened
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PGA280 + ADS1259 Strategy

*  Why was this solution developed?

Customer demand for an analog front end solution that can act as a “universal input voltage
range” with the ability to input signals from over +/-10V down to a few mV.

A solution for connecting high accuracy, high voltage signals to low voltage domain of high
resolution ADCs.

To meet common requirements and solve common problems in Industrial Process Control

* Why is this solution so great?

PGA280 + ADS1259 has been designed to work together to create one easy solution for high
resolution/high voltage industrial applications.

2 Channel, fast, MUX PGA front end for multi channel control with Single Cycle settling
ADC for enhanced throughput in MUX

Fully differential +/-15V PGA signal swing for seamless ADS input

ADS1259 clock output to synchronize the PGA280 input chopping to preserve the low noise
performance.

Low 1/f noise of PGA for 24 bit high resolution and sensitivity of ADC
High PGA CMRR + ADC Digital filter for 16, 50, 60, or 400Hz rejection

« Why is this solution better than the competition?

There is no other PGA solution covering the range from gains smaller than 1V up to over
128VIV.

There is no similar PGA+ADS chipset on the market that makes high voltage industrial data
acquisition so easy
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PGA280 Front End Gain Competition

= PGA280 vs. PGA comp

Most gain options

Most diagnostics and integration

Only RRO

Only differential output

3x better offset and 90% better offset drift
5x better gain drift

40x lower Ib

40% higher CMRR

Lowest COST!

= PGA280 vs. INA comp
= Only output gain options
= Most diagnostics and integration
= OnlyRRO
=  Only differential output
= Bestgain error
=  60% better gain drift
= Lowest COST!

PGA280 Solution attractive when
application:

Discrete INA solution attractive when

¢ Requires special gain or speed setting
e Benefits from Long term drift stability
» Needs differential output
* Benefits from integrated
e Input MUX
* GPIO

» Signal source diagnostics
» Overload detection

eMinimal gain requirements (no pga need)
*No gain drift requirement (no zero drift need)
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PGA280 + ADS1259 vs Integrated ADC (ADS1256)

AVDD VREFP WVREFN ovDD

AIND Clock HTALTCLKIN
[__A_IN_1_ e Generator ATAL2
AN H wux 164 — _

12 amz o-H and oon 4th-Order| | Programmable| | . RESET

Ig AN 1 %e?sot[ Modulator Digital Filter SYNCIPDWHN
= | | Detec

1= Al

Ig A |

= 4]

o
ek
AINT General Serial DIN
_____ - Purpose Interface
AINCOM Digital /0 bout

cs

Discrete Solution: Integrated Solution:

Advantage: Advantage:

*Input voltage ranges from +/-10V down to a -Unmatched Performance, Integration and
few mV Low-power Operation

«Low 1/f noise to match performance of *Single-chip Solution

high res ADC +High level of functional integration
*Connects high voltage input to low voltage Space Saving

domain «All functions are programmable using one
*Enables signal source diagnostics interface.

*Indicate overload conditions :Easy to integrate

Disadvantage: «Simplifies the layout

-Higher price +Disadvantage:

*Board space

-Power consumption «Limitation on input signal range.

‘Input protection
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http://dataapps.tuceng.sc.ti.com/pa/lib/exe/detail.php?id=parts%3Aads%3Aads1259%3Aevm%3Auser_guide&cache=cache&media=parts:ads:ads1259:evm:ads1259evm.jpg

PGA280 + ADS1259 Applications

« Universal sensor signal connection
* Universal high voltage input amp

* Universal industrial analog input

* Multiplexed data acquisition

* High precision signal instrumentation

» Special Features for PLC
« Signal diagnostics
» SPI for galvanic isolation of channel

* Port pins for external functions (ADS, MUX, etc)
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PGA280 + ADS1259 for PLC

=10V + 104, 0..10
Low Voltage Input

Digital
|

+5V

Input

Isalation

Core and /0 Power

24V Power Bus

Relays, Motor, etc.
Peripheral Driver
N 220mA,
' ™ - =10V Qut
i IV Driver
. 4..20ma,
N 0 .. 20mA Dut
> St
i Current WA
1 Drriver
] -10W .. +10V,
N @, 10V Qut
— Voltage
Drriver
Isolation
—————————— Buffer
Analog
Digital
Lavel translation {and
deserialization] today: discrate Digital
CQut
Optional Fieldbus Interfaces

LEGEND
[ Processar
E Interfaca
I RF/IF
I Amplifiar

I Legic

[ Powar
EADC/DAC
[ Clocks
I Othar
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ADS1115

Industry’s Smallest 16-bit ADC Family

features

* RUG10 package (2.05 x 1.55 x 0.4mm)
* 8 — 860 SPS data rate
* On-chip integration:

— Oscillator and low drift reference

— 4-channel input MUX (ADS1115 only)

- PGA (x2/3, x1, x2, x4, x8, x16) (ADS1115 and
ADS1114 only)

— Comparator (ADS1115 and ADS1114 only)
* Low offset 100uV
* Low 250uA supply current
* Supply > 2.0V - 5.5V

Applications

* battery pack

* portable instrumentation
* industrial process control
* smart transmitters

* consumer goods

» performance upgrade to embedded ADCs

|$2.25/ 1K |

ADS1115EVM

Ney Benelits

*70% smaller than nearest competition reduces system size
» More than 14x faster than competition 16 bit data rate

* Reduces need for additional external components
* 4 channel MUX with PGA for interfacing several sensors with
different input levels in one ADC

» Onboard comparator for easy level detection or warnings

* Product family options provide scalable integration options

ADS1115 :
Gain x2/3,x1, x2, |SH () comp_ou
x4, x8, x16 :

Reference

ADDR_SEL
SCL
SDA

VDD

Oscillator ) GND

Tiny QFN(RUG) or MSOP(DGS) Package

Back to Main i Competition Datasheet INSTRUMENTS
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ADS1258 &
Fastest Settling/Lowest Latency 16-Ch, 24-bit ADC
Foatures Benelits

« Best in Class Latency! 42us / Channel » Industry-Leading In: .
~All 16 Channels Measured in < 675ps! Low Latency, Speed, and Noise Performance

- Programmable Filter/Data Rate * Provides Trade-off in Speed vs. Accurgcy
- 125kSPS with 20 Effective Bits (Fixed ch.)  * Reduces System Cost and Complexity

- 24kSPS Ch/Ch with 19.3 Effective Bits *Post MUX Access for Shared Conditioning
- 1.8kSPS per/Ch with 21.6 Effective Bits *Onboard Oscillator and Internal Monitoring
*Flexible input multiplexer - 16 SE / 8 Diff Click here for Latency Comparison
*Auto-scan mode (low software overhead) AVDD  Muxaccess  VREFP VREFN GPIO[T0] VDD
. ()
-Outstanding performance LIl

*0.02 pV/ C offset drift & 0.4ppm/ C gain drift Flex Mux
+0.0003% INL & 2.8uVrwms noise @ 1.8kSPS >
monitor

*Unipolar (5V) or bipolar (+/-2.5V) &

VDD

monitor
& Programmable Serial
i i Sensor Digital Filter Interface
noicanons

Multi-channel Data Acquisition
Medical Monitoring / ECG
Industrial Process Control

EVM I
$7.95 1k cS I AVSS CLKSEL CLKIN/ XTAL1 XTAL2 PLLCAP DGND
-AD81258EVM (k pes) 7mm x 7mm QFN packaginc‘cL;Kc()EJATfO C to +105 C Temp Range)
© @) | ip Texas
Back to Main Competition Datasheet INSTRUMENTS
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ls 7 !l RGO A
D S 1 2 8 o"‘*‘ J-‘“‘s

Quad and Octal 24-bit Delta-Sigma ADCs
fealures Benefits

» Simultaneous Sampling of 4 or 8 Inputs - Like 4 or 8 ADS1271’s running in

at 128kSPS parallel with better performance
» Great Performance!

. N .
_ Chopper Stabilized Modulator (0.8uv/°C Drifty - NO Competitive Solution!

- £0.005dB Passband ripple - Maintains DC Accuracy
- 100dB Stopband attenuation _Unmatched AC Perfg\;mance
+ Selectable Operating Modes AVDD | +18V  igy 1034y
VREFP VREFN
Mode Data Rate SNR POV\rl]er/C IOVDD
High Speed 128kSPS 106dB | 70mW D TESTILO)
= Inl £y SYNC
Resadl 52kSPS 111dB | 64mw ) MODE[L:0]
Low Power 52kSPS 106dB 31mwW In2 L) PDWN[4:1]
New! Digital () CLK
Low Speed 10kSPS 107dB mw Filters () DRDY/FSYNC
H g In3 () sCLK
Anplications L oura
Vibration Analysis What is AC and DC Performance? | |, N
Power Metering Click Here ) FORMAT[2:0]
ECG A A
Pressure Sensors ADS1274 $13.95 (1k pcs) AGND DGND
Acoustics ADS1278 $23.95 (1k pcs)
Test & Measurement ADS1274

Next Datashest INSTRUMENTS
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ADS1274/8

Quad/Octal 24-bit Delta-Sigma ADC

AVDD DVvDD IOVDD
5V 1.8v 1.8V -3.3V

features

Speed: 128kSPS data rate IN1

New Low speed mode (10kSPS, 7mWi/ch) Serial

Resolution: 111dB SNR (52kSPS) IN2 e

THD: -109dB

FIR “Brickwall” filter, linear phase IN3 o

Offset drift: 0.8uV/°C

Gain drift: 1.3ppm/C N4 '

Daisy chainable digital output NS Control Logic

- Chain up to 106 channels

Single pin synchronize control ING

Per-channel power down control

SPI and Frame-Sync interfaces IN7

64pin TQFP package FIR Filters
With

IN8 Bypass Mode

INSTRUMENTS
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ADS1282

31 Bits, 2 Channel, 4kSPS, Ultra-High Performance AZ ADC with PGA

features

» Extremely High Resolution and Accuracy
» SNR: 130dB (250SPS, G=1)
= THD -122dB,
= INL: 0.5ppm
= Low noise PGA(1 to 64): 5nV/sqrt(Hz)
» Flexible digital filter: SINC + FIR + IIR (selectable)
= Linear or Minimum Phase
» 0.5Hz to 7.5Hz High Pass
= Filter Bypass Mode
» Two modes: Low Power or High Resolution
» High res: 25mW
= Low Power: 17/mW
» Shutdown: 10uW

lﬂﬂllﬂﬂllﬂlls

Seismic / Energy Exploration
» Geophone / Hydrophone Recording
» Earthquake/Building Monitoring
= Scientific Instrumentation

Ney Benelits

»Unmatched Performance for accuracy, quality, and
strength of the measured signal vs. background noise

»Adjustable for tradeoffs between resolution and data rate
» Choose from constant delay vs. input freq or short delay
» Programmable for adjustments to HPF corner frequency
= Allows for post processing filtering if needed

= Optimizes solution for noise and power tradeoffs

= Over 30% more power efficient than nearest comp even
in high res mode

ADS1282: MUX + PGA + Mod. + Dig. Filter

AVDD Veer DVDD

ADS1282 ) SYNC

Programmable

th Serial
PeA Z;:der Digital Filter ~ SP! nterface
& Calibration /0
| 1kADS1282: $36.95 | " 1toea  Mod:
3
() Mod. Out

() Over-Range

O

Datasheet

AVSS DGND
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ADS8201

Low Power, Low Cost, Multi-channel, 12-Bit, 100kHz, Data Acquisition System

with Integrated PGA
features

Internal High-performance PGA (G=1,2,4,8)
Bit Effective resolution up to 14-bits
*Gain/Channel mapping function. Specific
gains can be set for each channel selected for
conversion

*Onboard 8X1 FIFO

*Eight single ended/four differential channel MUX

onboard

*lg (typ)=800uA

*Deep Power-Down Mode

*Excellent DC performance:
INL : +/-1.5Isb; DNL : +/-1.0Isb

* Up to 100kHz throughput rate

Benefits

Internal PGA-14 bit resolution for 12-bit cost!

Conversion results can be saved and read

back later with the addition of an onboard

*vVdd=2.2 to 5V ‘
14 (typ)=800UA RTM Q4 ‘09
*24 pin, 4X4 QFN 1ku $2.75 proposed

Avplications

* Portable Communications

» Transducer Interface

* Portable Medical Instruments

* GPS based applications

» Sensor data acquisition systems

RGE PACKAGE
QFN-24
(TOP VIEW)

PGAOUT

IN4
INS
IN6
IN7

RST

IRICICICAS

BUSY/NT [6 ======—=

ADS8201

Thermal Pad
(Bottom Side)

|

El3

4 (2] (sl 3]

I

------ 13

&)

4x4 QFN footprint

Power and Board Space Savings all in one!
No competition at such low power with such
integration

ADCIN
AGND
REFGND
REF

VA

VD
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ADS8201

« Why where these parts developed?

 Enable the next generation of data-acquisition devices
« Upgrades from the ADS7870, ADS7871
« First of a family of DAS with integrated MUX, PGA, and FIFO

« Why are these parts so great?
* Integration saves over half the cost, board space, power
« Gain-Channel Mapping allows for channel specific gain settings

* Flexible input configuration

« 4 differential inputs OR 8 single ended OR a mix of single and differential
inputs as well as

« MUXout pin available for more signal conditioning/gain as needed

 Why is this part better than the competition?

« Thereis no part on the market today with the integration and
flexibility of use as the ADS8201
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Remote System Monitoring

Power Monitor

Data Acquisition

Conventional
Voltage/current
measurements

High-side shunt
monitor

Temperature Monitor

Temperature
switch

7

System

Position Monitoring

Thermistor/RTD
circuits

TI-BB temp
IC solutions

Air flow Monitor

Conventional
air flow switches

Air flow detectors
AT based

Hardware Security

Mechanical
switches

Photo/optical
solutions

Humidity Monitor

Humidity sensors
- resistive

Humidity sensors
- capacitive

13 TEXAS
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Typical System Solution

TLV2221
TLV2264
TLV2434
OPA4348
TLC2254

ADS8201

BUTTON I/F

INSTRUMENTS
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