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LMP91200 Evaluation Board User Guide (551600628-001 RevB)

The LMP91200 evalboard (LMP91200EVAL) can be used as stand-alone or as part of SensorAFE eval
platform (refer to SensorAFE platform http://www.national.com/en/industrial/sensing/sensor_afe/tools.html
for software and required hardware). It allows configuring the LMP91200 through a 3-wire SPI interface and
testing the device with real PH probe. Moreover the eval board allows the connection of external RTD (for
instance Pt100, Pt1000).

Figure 1 LMP91200EVAL

1. PH probe and RTD connection
The LMP91200 evalboard is not provided with any PH probe and RTD.

The PH probe can be connected to the BNC connector labeled PH_SENSOR.

The footprint of PH_SENSOR allows the connection of a Triaxial BNC. So in case of need replace the BNC
soldered on the eval board with a triaxial BNC (refer to Schematic section to check the pinout of the Triaxial
BNC).

The external RTD can be connected to the RTD_IN connector. The eval board is already provided with two
reference resistors labeled R_CAL_100 and R_CAL_1000, but in case of need an external reference
resistor can be connected to the T_CAL_EXT connector.

After the connection of the RTD, configure the JP6 according to the table below

Jumper name |Configuration  [Description

1-3 Reference resistor = 100ohm, when a Pt100 is
Select ghorted  |connected to the board
IP6 one of 3-5 Reference resistor = 10000hm, when a Pt1000 is
the threejshorted  |connected to the board
options g External reference resistor
shorted
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2. Stand alone usage
2.1 JUMPERS

In order to use the LMP91200EVAL in standalone mode, the following jumpers need to be configured as
follow:

Jumper name Configuration Description

JP1 2-3 shorted Supply voltage of LMP91200 provided trough
VDD-EXT banana connector

JP2 3-5 shorted Connect the external voltage reference to the
VREF pin of LMP91200

4-6 shorted In case the supply voltage is used as

reference. Do not short pin 3-5 of JP2.

JP3 2-3 shorted External voltage reference provided trough
VREF-EXT banana connector

JP4 open Disconnect the VOUT pin of the LMP91200
from the ADC input

JP5 open Disconnect the VCM pin of the LMP91200
from the ADC input

The SPI bus is accessible from GPSI16 connector. Connect the external microcontroller to GPSI16 as the
pin out below. The supply voltage of the SPI signal generated by the microcontroller needs to be equal to
the supply voltage applied at VDD-EXT pin.

GPSI16 pin out table

SCLK Pin 3
MOSI Pin 7
MISO Pin 5
CsB Pin1
GND Pin 2
Jumper name Configuration Description
Connect the SDO_DIAG pin to
P7 2-3 shorted the bidirectional MUX U4

The SDO_DIAG pin of the LMP91200 is an I/O digital pin. When the LMP91200 is not in
diagnostic mode that pin is an Output pin (MISO of SPI bus), while it becomes an Input pin when
the LMP91200 is in diagnostic mode. Refer to the Datasheet of the LMP91200 for further
details.

2.2 POWER SUPPLY
Connect a supply voltage (1.8V to 5.5V) between VDD-EXT and GND banana plugs.
2.3 VOLTAGE REFERENCE

Connect a supply voltage (1.8V to 5.5V) between VREF-EXT and GND banana plugs. The Reference
voltage cannot be bigger than the voltage applied at VDD-EXT.

2.4 CONFIGURATION OF THE LMP91200

Before configuring the LMP91200, be sure that the jumpers have been configured according the previous
tables, the PH probe and the RTD are connected to the board, the power supplies are connected to the
board and they are powered on, the microcontroller for SPI is connected to the board. Refer to the
Datasheet of the LMP91200 for timing information and register meaning.
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3. Using as part of Sensor AFE evaluation platform
3.1 EVALBOARDS CONNECTION

In this case the LMP91200EVAL is part of the evaluation platform (LMP91000EVAL + SPIO4 board), the 2
boards need to be connected as follow:
e LMP91200EVAL through the SPIO-GPSI16 connector (note the white arrow on the boards to align
the boards);
Then the SPIO4 needs to be connected to a PC via USB cable
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Figure 2 Sensor AFE evaluation platform
3.2 JUMPERS

In order to use the LMP91200EVAL in the evaluation platform the following jumpers need to be configured
as follow:

Jumper name Configuration Description

JP1 1-2 shorted Supply voltage (3.3V) of LMP91200 provided
by SP104 board

JP2 1-3 shorted Connect the onboard voltage reference (2.5V)
to the VREF pin of LMP91200

JP3 1-2 shorted Voltage reference provided by onboard
Voltage reference

JP4 shorted Connect the VOUT pin of the LMP91200 to the
ADC input

JP5 shorted Connect the VCM pin of the LMP91200 to the
ADC input

JP7 2-3 shorted Connect the SDO_DIAG pin to the
bidirectional MUX U4

3.3 POWER SUPPLY

All the required power supplies are provided by the SPIO4 board once connected to a PC via USB cable.
3.4 VOLTAGE REFERENCE

The voltage reference is provided by the SP104 board once connected to a PC via USB cable.

3.5 CONFIGURATION OF THE LMP91200

Refer to LMP91200 Datasheet for further information.
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4. Connectors, Jumpers, Test Point

4.1 POWER SUPPLY

VDD-EXT

banana plug for the positive power supply of the LMP91200 and bidirectional MUX (U4).

GND

banana plug for ground connection.

4.2 SIGNAL CONNECTORS

Reference Signals

PH_SENSOR BNC connector (alternatively remove this connector and solder a triaxial BNC) to
connect PH probe.

DIAG-EXT1 Banana connector to provide diagnostic pulses

R_CAL_EXT Terminal block to connect external calibration resistor

R_RTD_IN Terminal block to connect external RTD

Output signals

VOUT Banana plug for the output of the LMP91200.
VOCM Banana plug for the output common mode voltage of the LMP91200.
4.3 JUMPERS

The evalboard has 7 jumpers

JP1 Itis a 3 pin header which selects the supply voltage sources.

JP2 It is a 6 pin header which multiplexes the Voltage reference sources to the VREF pin of
the LMP91200.

JP3 It is a 3 pin header which selects the voltage reference source.

JP4 It is a simple jumper which connect the VOUT pin of the LMP91200 to the +IN input of
the ADC (ADC1415628).

JP5 It is a simple jumper which connect the VOCM pin of the LMP91200 to the —IN input of
the ADC (ADC1415628).

JP6 It is a 6pin header which multiplexes the calibration resistors to the CAL pin of the
LMP91200.

JP7 It is 3 pin header which select the source of the Diagnostic pulses

4.4 TEST POINTS

The test points are connected as follows.

VDD_EXT External supply voltage

GND1 to GND10 Ground

+3p3V Supply voltage provided by SP104 (3.3V)
RTD RTD pin of LMP91200

RCAL RCAL pin of LMP91200

VCMHI VCMH]I pin of LMP91200

VREF-EXT External Voltage supply

VOUT_DUT VOUT pin of LMP91200

VOCM_DUT VOCM pin of LMP91200
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REF

Onboard Voltage reference

VREF_ADC VREF pin of U5 (ADC1415628)

VA_ADC Supply voltage of U5 (ADC141S628)
VIO_ADC Digital supply voltage of U5 (ADC141S628)
SDI_DUT Data in of LMP91200

SCLK_DUT Clock of LMP91200

CSB_DUT Chip select of LMP91200
SDO_DIAG_DUT Data out/DIAGNOSTIC of LMP91200
SCLK_ADC Clock of ADC

DOUT_ADC Data out of ADC

CSB_ADC Chip select of ADC

4.5 SPECIAL CONNECTORS
For NSC's data capture boards

GPSI16

16 pin header for USI2, SPI04 and ADC1x1S626 boards interface
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5. Schematic

oo ray [ [, ==Y o
8 AL Ao sy sbuy LY T . F F e . H
bt — muysT | [30¥ES3 sovinca|  savuns 4 [ sna"maan
1 WO aE | | 4 W tsows L [ it .
o s woms ) b RIS
| v H . oams & o LU CEis LT A o s - el 1LaND
angl o w g% . : DD . . -1 3 . .
- ~a"ATwas o055 = aoss ¥R i sone .
u.u.._.__z.“«..gﬂ_ﬁ-..w L i e aanEsn . @ 0838 T T Fit | | H
. A . I mooeerd amaEesns & | | R . by 1000 @D ooz Ll
0| s w1 e Loa =01 e i Ao | L] — |~ 1na™inon
n | vos geann 51 | CERRLC S . wiaws e | it
. ] A0 Ak 00 AT |5y Ll S | | - wa T - o
- ] e v T 4 T TR
[ , T VaE &
- D WL I 3 o va =l o
HOIYITEE t ] ¥ ISR - i ALdEs - ARIE £ L1} T
* S5 VAT R — el 0¥ e ! ]
aap P CANESERLNG VOEN ot #io |
o i a2
- L ¥ ano |
T - .
[ ]
-
wwn 200 WA A
e
Th 00 Uy ; ann au b
WOD < 1A,_M8 ¥ TRBEIAIENE Z
_ ] R - T o s A s
LA " ' P — 5w o £
owa ] ¥ 3 1 . W= 01| | M| o ee o |
T | [ - ] i mo b -
i r_ v ® T YOND I ] i |
WOLITWE | W | T owoos O i R —5] AmA N _Jl -
wmoo : ; el i -
N aa-rzn @ ACEE-
| o ] [ uiﬂﬂ_.. 88 e
o 7
o “ . . | O aErds
L (o0 = ” P
poams | a | 1 __zc.:u\_
[ “ee o
. . P
aso I LT o lname bt |
8 e Tdr - - - wan
E] Vi Talale - AT N
L m-i. —— e Lo 1 — s - ! D
30-wveaE-S30 - T |
[ . And oA MRS T tvan )i i
s - _|_!_ e fugipang O T
T aho B 1 EEE e | 006 o ¥, B
1 L . — - F] ©VIO OIS v —— . HOSNIE Hd Wi QL
== Y L J -
b LU0 | * ass ™ oL T h [
T 1 T Wi | T ™ = e h e
b e asn 1 T T il won o | M9 W g gan W @ . an
@
- pa 002 LEdW niaND D :
Tvme een | wm | | | | @ ) -
v [ P{Y b s & e e @ o 1 o
- — o s ah WD LNGTOWGTO0%  LNG @53 1NGIIELNG GE O g ¥ I
R | F 3 Vo ~ axn
- 4 dm w - = il | . L :
: £ Ce ol [T ] i
¥ ¥
atn | T il o S 1 e e m-dA e -
13 _ n | _. S § L ! =]
. At e ! L
T |
Acdc LT hhdd L At
aND 1= 0]




6. Board Layout

6.1 Top Layer
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6.2 Bottom Layer
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7. BOM

Item | Designator Description Manufacturer | Part Number Quantity
1| +3p3V, Test Point, TH, Compact, Keystone 5005 19
CSB_ADC, Red Electronics
CSB_DUT,
DOUT_ADC,
RCAL, REF,
RTD,
SCLK_ADC,
SCLK_DUT,
SDI_DUT,
SDO_DIAG_DUT
, VA_ADC,
VCMHI,
VDD_EXT,
VIO_ADC,
VOCM_DUT,
VOUT_DUT,
VREF_ADC,
VREF EXT
2|C1 CAP, CERM, 0.1uF, 25V, AVX 08053C104KAT2A 1
+/-10%, X7R, 0805
3 | C2,C4,C5,Cs8, CAP, CERM, 0.1uF, 16V, AVX 0603YC104JAT2A 6
C12,C15 +/-5%, X7R, 0603
4 | C3, Ce6, C10, CAP, TANT, 10uF, 10V, +/- | Vishay- 293D106X0010A2TE3 6
C14, C16, C17 20%, 3.4 ohm, 3216-18 Sprague
SMD
5| C7,C11 CAP, CERM, 0.1uF, 100V, | AVX 12061C104JAT2A 2
+/-5%, X7R, 1206
6| C9 CAP, CERM, 1uF, 10V, +/- | AVX 0805ZC105KAT2A 1
10%, X7R, 0805
7 | C13 CAP, CERM, 100pF, 50V, AVX 06035A101JAT2A 1
+/-5%, COG/NPO, 0603
8 | DIAG-EXT1, Standard Banana Jack, Johnson 108-0740-001 6
GND, VDD-EXT, | Uninsulated, 15A Components
VOCM, VOUT,
VREF-EXT
9 | GND1, GND2, Test Point, TH, Compact, Keystone 5006 11
GND3, GND4, Black Electronics
GND5, GNDB6,
GND7, GNDS,
GND9, GND10,
GND11
10 | N/A BUMPON HEMISPHERE 3M SJ-5003 (BLACK) 4
.44X.20 BLACK
11 | J1 SPIO-GPSI16 Header, 16- | Sullins PBC36DGAN 1
Pin, Dual row, Right Angle Connector
Solutions
12 | JP1, JP3 Header, TH, 100mil, 1x3, Samtec Inc. TSW-103-07-G-S 2
Gold plated, 230 mil above
insulator
13 | JP2, JP6 Header, TH, 100mil, 3x2, Samtec Inc. TSW-103-07-G-D 2
Gold plated, 230 mil above
insulator
14 | JP4, JP5 Header, TH, 100mil, 2x1, Samtec Inc. TSW-102-07-G-S 2
Gold plated, 230 mil above
insulator
15 | JP7 Header, TH, 100mil, 1x3, Sullins PBCO3SAAN 1
Gold plated, 230 mil above | Electronics
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insulator

16 | L1,L2 Ferrite, Chip, 200mA, .080 | Wurth BLM21BD272SN1L 2

ohm, SMD Elektronik
eiSos

17 | PH_SENSOR Triax BNC, Right Angle, 3 Trompeter- CBJR70A 1
Lug, Trompeter 70 series Emerson

18 | R1, R6 RES, 27.4 ohm, 1%, 0.1W, | Vishay-Dale CRCWO060327R4FKE 2
0603 A

19 | R2 RES, 51.1 ohm, 1%, 0.1W, | Vishay-Dale CRCWO060351R1FKE 1
0603 A

20 | R3 RES, 0 ohm, 5%, 0.125W, | Vishay-Dale CRCWO08050000Z0EA 1
0805

21 | R4,R5 RES, 1K ohm, 1%, 0.1W, Vishay-Dale CRCWO06031KO00FKE 2
0603 A

22 | R7 RES, 0 ohm, 5%, 0.1W, Rohm MCRO3EZPJO00 1
0603

23 | R_CAL_100 SMR3DZ Foil VISHAY Y1746100R000T9R 3
resistor,600mw,0.01%,100
R

24 | R_CAL_1000 SMR3DZ Foil Y17461K00000T9R
resistor,600mw,0.01%,1K

25 | R_CAL_EXT, Conn Term Block, 2POS, Phoenix 1715721 2

RTD_IN 5.08mm PCB Contact

26 | U3 Precision Micropower Low National LM4140ACM-2.5 1
Dropout Voltage Reference | Semiconductor

27 | U4 N/P

28 | U5 14-Bit, 50 to 250 kSPS, National ADC141S628 1
Differential Input, Semiconductor
MicroPower ADC, 10-pin
Mini SOIC, Pb-Free

29 | Y1 Osc 4.000Mhz 5.0V Full CTS MX0O45-3C-4M0000 1
Size

30 | Ul 2K 5.0V 12C Serial Microchip 24C02C/SN 1
EEPROM

31| U2 Configurable AFE for Low- | National LMP91200 1

Power Chemical Sensing
Applications

Semiconductor

10
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BY USING THIS PRODUCT, YOU ARE AGREEING TO BE BOUND BY THE TERMS AND CONDITIONS OF
NATIONAL SEMICONDUCTOR'S END USER LICENSE AGREEMENT. DO NOT USE THIS PRODUCT UNTIL YOU
HAVE READ AND AGREED TO THE TERMS AND CONDITIONS OF THAT AGREEMENT. IF YOU DO NOT AGREE

WITH THEM, CONTACT THE VENDOR WITHIN TEN (10) DAYS OF RECEIPT FOR INSTRUCTIONS ON RETURN OF
THE UNUSED PRODUCT FOR A REFUND OF THE PURCHASE PRICE PAID, IF ANY.

The LMP91200EVAL Evaluation Board is intended for product evaluation purposes only and is not intended for resale to
end consumers, is not authorized for such use and is not designed for compliance with European EMC Directive

89/336/EEC, or for compliance with any other electromagnetic compatibility requirements.

National Semiconductor Corporation does not assume any responsibility for use of any circuitry or software supplied or
described. No circuit patent licenses are implied.

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL
SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or systems which, (a) are intended for surgical implant into the body, or
(b) support or sustain life, and whose failure to perform, when properly used in accordance with instructions for use
provided in the labeling, can be reasonably expected to result in a significant injury to the user.

2. A critical component is any component in a life support device or system whose failure to perform can be reasonably
expected to cause the failure of the life support device or system, or to affect its safety or effectiveness.

National Semiconductor Corporation National Semiconductor Europe National Semiconductor National

Americas Fax: +49 (0) 1 80-530 85 86 Asia Pacific Customer Semiconductor

Tel:  1-800-272-9959 Email: europe.support@nsc.com Response Group Japan Ltd.

Fax: 1-800-737-7018 Deutsch Tel: +49 (0) 699508 6208 Tel: 65-2544466 Tel: 81-3-5639-7560

Email: support@nsc.com English Tel: +49 (0) 870 24 0 2171 Fax: 65-2504466 Fax: 81-3-5639-7507
French Tel: +49 (0) 141 91 8790 Email:sea.support@nsc.com

www.national.com

National does not assume any responsibility for any circuitry described, no circuit patent licenses are implied and National reserves the

right at any time without notice to change said circuitry and specification.

12
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Audio www.ti.com/audio Automotive and Transportation www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom www.ti.com/communications
Data Converters dataconverter.ti.com Computers and Peripherals www.ti.com/computers
DLP® Products www.dlp.com Consumer Electronics www.ti.com/consumer-apps
DSP dsp.ti.com Energy and Lighting www.ti.com/energy
Clocks and Timers www.ti.com/clocks Industrial www.ti.com/industrial
Interface interface.ti.com Medical www.ti.com/medical
Logic logic.ti.com Security www.ti.com/security
Power Mgmt power.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2012, Texas Instruments Incorporated
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