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LMP9007x/LMP90080 Sensor AFE System: Multi-Channel, Low-Power 16-Bit Sensor AFE
With True Continuous Background Calibration

1 Features

» 16-Bit Low-Power Sigma Delta ADC

» True Continuous Background Calibration at All
Gains

» In-Place System Calibration Using Expected
Value Programming

e Low-Noise Programmable Gain (1x - 128x)

» Continuous Background Open/Short and Out of
Range Sensor Diagnostics

* 8 Output Data Rates (ODR) with Single-Cycle
Settling

» 2 Matched Excitation Current Sources from 100
MA to 1000 pA (LMP90080/LMP90078)

e 4-DIFF / 7-SE Inputs (LMP90080/LMP90079)

» 2-DIFF / 4-SE Inputs (LMP90078/LMP90077)

e 7 General Purpose Input/Output Pins

* Chopper-Stabilized Buffer for Low Offset

» SPI 4/3-Wire with CRC Data Link Error Detection

* 50 Hz to 60 Hz Line Rejection at ODR <13.42
SPS

* Independent Gain and ODR Selection per
Channel

« Supported by WEBENCH® Sensor AFE Designer
e Automatic Channel Sequencer
» Key Specifications

— ENOB/NFR: Up to 16/16 Bits

— Offset Error (typ): 8.4 nV

— Gain Error (typ): 7 ppm

— Total Noise: <10 pV-rms

— Integral Non-Linearity (INL Max): +1 LSB

— Output Data Rates (ODR): 1.6775-214.65
SPS

— Analog Voltage, V,: 2.85t0 5.5V
— Operating Temp Range: —40°C to 125°C
— Package: 28 Pin Exposed Pad

2 Applications

e Temperature and Pressure Transmitters
e Strain Gauge Interface
» Industrial Process Control

3 Description

The LLMP9007x and LMP90080 are highly
integrated, multi-channel, low-power 16-bit Sensor
AFEs. The devices feature a precision, 16-bit Sigma
Delta Analog-to-Digital Converter (ADC) with a low-
noise programmable gain amplifier and a fully
differential high impedance analog input multiplexer.
A true continuous background calibration feature
allows calibration at all gains and output data rates
without interrupting the signal path. The background
calibration feature essentially eliminates gain and
offset errors across temperature and time, providing
measurement accuracy without sacrificing speed and
power consumption.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
LMP90077
LMP90078
HTSSOP (28) 9.70 mm x 4.40 mm
LMP90079
LMP90080

(1) For all available packages, see the orderable addendum at
the end of the datasheet.
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5 Description (continued)

Another feature of the LMP9007x and LMP90080 is continuous background sensor diagnostics, allowing the
detection of open and short circuit conditions and out-of-range signals, without requiring user intervention,
resulting in enhanced system reliability.

Two sets of independent external reference voltage pins allow multiple ratiometric measurements. In addition,
two matched programmable current sources are available in the LMP90080/LMP90078 to excite external sensors
such as resistive temperature detectors and bridge sensors. Furthermore, seven GPIO pins are provided for
interfacing to external LEDs and switches to simplify control across an isolation barrier.

Collectively, these features make the LMP90080/LMP90079/LMP90078/LMP90077 complete analog front-ends
for low-power, precision sensor applications such as temperature, pressure, strain gauge, and industrial process
control. The LMP90080/LMP90079/LMP90078/LMP90077 are ensured over the extended temperature range of -
40°C to +125°C and are available in a 28-pin package with an exposed pad.

6 Device Comparison Table

LM90xxx 16-BIT SENOR AFE FAMILY OF PRODUCTS

DEVICE NUMBER CHANNEL CONFIGURATION CURRENT SOURCES
LMP90080 . . .
4 Differential/7 Single-Ended
LMP90079
Yes
LMP90078 ) . )
2 Differential/4 Single-Ended
LMP90077
Copyright © 2011-2016, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Pin Configuration and Functions

PWP Package
28-Pin HTSSOP

Top View
 EE—
vw[1]O 28] vio
VINO | 2 27 | pe/DRDYB
VINL [ 3 26 | D5
VIN2 [ 4 25 | D4
VIN3 [ 5 24 | D3
LMP90080/. — o]
LMP90079 only ) VN4 | 6 | | 28 | D2
VINS [ 7 LMP900XX 22 | b1
VREFPL | 8 21 | po
VREFNL [ o 20 | SDO/DRDYB
VIN6/VREFP2 | 10 19 | spi
VIN7/VREFN2 | 11 18 | scLk
Lmpoooso/ J 'B2 | 12 | | 17 | csB
LMP90078 only | g1 [ 13 | 16 | onD
XOuT | 14 15 | XIN/CLK
—
Pin Functions
PIN
NS LMP90080 | LMP90079 | LMP90078 |LMP90077 PIN TYPE FUNCTION
PIN NO. PIN NO. PIN NO. NO.
VA 1 1 1 1 Analog Supply Analog power supply pin
VINO 2 2 2 2
VIN1 3 3 3 3 Analog Input Analog input pins
VIN2 4 4 4 4
VIN3 5 5 — —
VIN4 6 6 — — Analog Input Analog input pins
VINS 7 7 — —
VIN3 — — 5 5
No connect: must be left
VIN4 — — 6 6 No Connect unconnected
VINS — — 7 7
VREFP1 8 8 Analog Input Positive reference input
VREFN1 9 9 9 Analog Input Negative reference input
VING / VREFP2 10 10 10 10 Analog Input ﬁgﬁ'tog input pin or VREFP2
VIN7 / VREFN2 11 11 11 11 Analog Input i’;’;i'tog input pin or VREFN2
1B2 12 — 12 — Analog outout | EXCitation current sources for
IB1 13 — 13 — g outp external RTDs
1B2 — 12 — 12 No connect: must be left
No Connect
IB1 — 13 — 13 unconnected
XOuT 14 14 14 14 Analog output | Xternal crystal oscillator
connection
External crystal oscillator
XIN / CLK 15 15 15 15 Analog input connection or external clock
input
GND 16 16 16 16 Ground Power supply ground
CSB 17 17 17 17 Digital Input Chip select bar
SCLK 18 18 18 18 Digital Input Serial clock
4 Submit Documentation Feedback Copyright © 2011-2016, Texas Instruments Incorporated
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Pin Functions (continued)

PIN

NS LMP90080 | LMP90079 | LMP90078 |LMP90077 PIN TYPE FUNCTION

PIN NO. PIN NO. PIN NO. NO.
SDI 19 19 19 19 Digital Input Serial data input
SDO / DRDYB 20 20 20 20 Digital Output iﬁ;@' gg:a output and data
DO 21 21 21 21
D1 22 22 22 22
Ez zj zi zj zj Digital 10 %egg)alpri)#;pose input/output
D4 25 25 25 25
D5 26 26 26 26
D6 / DRDYB 27 27 27 27 Digital 10 gﬁ”;%‘;?:?;‘;%i iggr“tlo“tp“t
VIO 28 28 28 28 Digital Supply Digital input/output supply pin
Thermal Pad — — — — — Leave the thermal pad floating

8 Specifications

8.1 Absolute Maximum Ratings
See WAE@

MIN MAX UNIT
Analog Supply Voltage, VA -0.3 6.0
Digital I/O Supply Voltage, VIO -0.3 6.0
Reference Voltage, VREF -0.3 VA+0.3 v
Voltage on Any Analog Input Pin to GND® -0.3  VA+03
Voltage on Any Digital Input PIN to GND® -0.3  VIO+0.3
Voltage on SDO®) -0.3  VIO+0.3
Input Current at Any Pin®) 5
Output Current Source or Sink by SDO 5 mA
Total Package Input and Output Current 20
Junction Temperature (Tjyax) 150 °C
Storage Temperature (Tg) -65 150 °C

(1) All voltages are measured with respect to GND, unless otherwise specified

(2) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(3) For soldering specifications see product folder at http://www.ti.com and http://www.ti.com/lit'SNOA549

(4) If Military/Aerospace specified devices are required, contact the Texas Instruments Sales Office/ Distributors for availability and

specifications.

(5) When the input voltage (VIN) exceeds the power supply (VIN < GND or VIN > VA), the current at that pin must be limited to 5mA and
VIN has to be within the Absolute Maximum Rating for that pin. The 20 mA package input current rating limits the number of pins that
can safely exceed the power supplies with current flow to four pins.

8.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2500
Vieso) Electrostatic discharge gggrlg(%d-dewce model (CDM), per JEDEC specification JESD22- +1250 v
Machine models (MM) +200
(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.
Copyright © 2011-2016, Texas Instruments Incorporated Submit Documentation Feedback 5

Product Folder Links: LMP90077 LMP90078 LMP90079 LMP90080



LMP90077, LMP90078, LMP90079, LMP90080
SNAS521H —JULY 2011—REVISED JANUARY 2016

I

TEXAS
INSTRUMENTS

www.ti.com

8.3 Recommended Operating Conditions

MIN MAX | UNIT
Analog Supply Voltage, VA 2.85 5.5
Digital I/O Supply Voltage, VIO 2.7 5.5 v
Full Scale Input Range, VIN +*VREF / PGA
Reference Voltage, VREF 0.5 VA
Temperature Range for Electrical Characteristics -40 125 oc
Operating Temperature Range —40 125
Junction to Ambient Thermal Resistance (Rga)® 41| °CIW

(1) The maximum power dissipation is a function of Tjpax) AND Rgja. The maximum allowable power dissipation at any ambient
temperature is Pp = (Tymax) - Ta) / Resa.

8.4 Thermal Information

LMP900xx
THERMAL METRIC® UNIT
HTSSOP (28 PINS)
Rgia Junction-to-ambient thermal resistance 41 °C/IW

(1) For more information about traditional and new thermal metrics, see the IC Package Thermal Metrics application report, SPRA953.

8.5 Electrical Characteristics
Unless otherwise noted, the key for the condition is (VA = VIO = VREF) / ODR (SPS) / buffer / calibration / gain . The typical

values apply for T, = +25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
n Resolution 16 Bits
ENOB / E_ffective Nu_mber of 3V /all/ ON / OFF / all. Shorted input. See Table 1 Bits
NFR 222;330':0'59 Free 5V / all / ON / OFF / all. Shorted input. See Table 3 Bits
ODR Output Data Rates 1.6675 See Table 1 214.6 SPS
Gain FGA x PGA 1 See Table 3 128
INL Integral Non- 3V /214.65/ON/ON/1 -1 +0.5 +1 LSB
Linearity® 3V &5V /214.65/ON/ON/ 16 +1 LSB
Total Noise 3V /all/ ON/ON / all. Shorted input. See Table 2 pv
5V /all / ON / OFF / all. Shorted input. See Table 4 puv
3V &5V / all / ON or OFF / ON / all B'e:'lg‘gr’z'r?rifs Y,
3V/214.65/ON/ON/1 1.22 9.52 uv
OE Offset Error 3V/214.65/ON/ON /128 0.00838 0.70 Y
5V /214.65/ON/ON/1 1.79 8.25 uv
5V /214.65/ON/ON /128 0.0112 0.63 uv
3V & 5V /214.65 / ON or OFF/OFF/1-8 100 nv/°C
3V &5V/214.65/ON/ON/1-8 3 nv/°C
Offset Drift Over 3V &5V /214.65/ON/OFF / 16 25 nv/eC
Temp® 3V &5V /214.65/ ON/ON/ 16 0.4 nv/°C
3V & 5V /214.65/ ON / OFF / 128 6 nv/°C
3V &5V /214.65/ON/ON /128 0.125 nv/°C
Offset Drift over 5V /214.65/ON/OFF / 1, T = 150°C 2360 nV/1000 hours
Time™ 5V /214.65/ON/ON /1, Ta = 150°C 100 nV/1000 hours
3V &5V/214.65/ON/ON /1, Tyn < Ta < Tyax -80 80 ppm
3V &5V/214.65/ON/ON/ 1 7 ppm
GE Gain Error® 3V &5V/13.42/ON/ON/ 16 50 ppm
3V &5V/13.42/ON/ON/ 64 50 ppm
3V &5V/13.42/0ON/ON/128 100 ppm
?::]‘p?f)iﬁ over 3V &5V /214.65/ON/ON/all 05 ppm/°C

(1) This parameter is specified by design and/or characterization and is not tested in production.

6
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Electrical Characteristics (continued)

Unless otherwise noted, the key for the condition is (VA = VIO = VREF) / ODR (SPS) / buffer / calibration / gain . The typical

values apply for T, = +25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
5V /214.65/ ON/OFF / 1, Tp = 150°C 5.9 pp&/jrosoo
Gain Drift over Time® 11000
_ o ppm.
5V /214.65/ON/ON/1, Tp =150°C 1.6 hours
CONVERTER CHARACTERISTICS
DC,3V/21465/ON/ON/1
’ ’ 70 dB
Twin < Ta < Tuax
DC,3V/21465/ON/ON/1 117 dB
Input Common Mode
CMRR Rejection Ratio DC, 5V /214.65/OFF/OFF /1, 90 dB
Twin = Ta < Tuax
DC, 5V /214.65/OFF/OFF /1 120 dB
50/60 Hz, 5V / 214.65/ OFF / OFF / 1 117 dB
Reference Common _
Mode Rejection VREF = 2.5V 101 dB
DC, 3V /214.65/ON/ON/1 75 115 dB
PSRR Power Supply
Rejection Ratio DC, 5V /214.65/ON/ON /1 112 dB
Normal Mode 47 Hz to 63 Hz, 5V / 13.42 / OFF / OFF / 1
NMRR Rejection Ratio Tuin € Ta € Tuax 9 ds
3V /214.65/ OFF / OFF / 1, Ty < Ta < Tuax 95 dB
3V /214.65/OFF/OFF /1 136 dB
Cross-talk®
5V [ 214.65 / OFF / OFF / 1, Ty < Ta < Tuax 95 dB
5V /214.65/OFF/OFF/1 143 dB
POWER SUPPLY CHARACTERISTICS
Analog Supply
VA Voltage 2.85 3.0 55 \%
VIO Digital Supply Voltage 2.7 3.3 5.5 \%

Copyright © 2011-2016, Texas Instru

ments Incorporated
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Electrical Characteristics (continued)

Unless otherwise noted, the key for the condition is (VA = VIO = VREF) / ODR (SPS) / buffer / calibration / gain . The typical
values apply for T, = +25°C.
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
3V /13.42/ OFF / OFF / 1, ext. CLK 400 MA
i\N/m: iS_i_iZS/TOMI;i / OFF / 1, ext. CLK, 500 LA
5V /13.42 / OFF / OFF / 1, ext. CLK 464 HA
5V /13.42 | OFF / OFF / 1, ext. CLK, 555 HA
Twin = Ta = Tyax
3V /13.42/ ON/ OFF / 64, ext. CLK 600 MA
13_\;”: ]S.3+A:25/%l;lxl OFF / 64, ext. CLK, 700 UA
5V /13.42/ ON/ OFF / 64, ext. CLK 690 MA
5V /13.42 / ON / OFF / 64, ext. CLK
Tvin = Ta = Tyax ’ ’ 800 hA
3V /214.65/ON/ OFF / 64, int. CLK 1547 HA
13_\;”: il-?fj-:-'\il: ! OFF / 64, int. CLK, 1700 MA
5V /214.65/ ON / OFF / 64, int. CLK 1760 MA
VA Analog Supply -
Current 5V /214.65/ ON / OFF / 64, int. CLK, 2000 A
Twin = Ta < Tuax
3V /214.65/ OFF / OFF / 1, int. CLK 826 HA
13_\N/m: 2114_1;\655_:_$\ZF / OFF / 1, int. CLK, 1000 LA
5V /214.65/ OFF / OFF / 1, int. CLK 941 MA
15_\N/m: 211{1/;655-{-’\22': / OFF /1, int. CLK, 1100 MA
Standby, 3V, int. CLK 3 10 HA
Standby, 3V , ext. CLK 257 HA
Standby, 5V, int. CLK 5 15 pA
Standby, 3V, ext. CLK 300 pA
Power-down, 3V, int/ext CLK 2.6 pA
Power-down, 3V, int/ext CLK, Ty < Ta < Tyax 5 MA
Power-down, 5V, int/ext CLK 4.6 pA
Power-down, 5V, int/ext CLK, Ty £ Ta £ Tyax 9 pA
REFERENCE INPUT
VREFP Positive Reference VREFN + 0.5 VA \Y
VREFN Negative Reference GND VREFES' \Y
VREF Differential Reference | VREF = VREFP - VREFN 0.5 VA \Y
ZREF Reference Impedance |3V /13.42/OFF/OFF /1 10 MQ
IREF Reference Input 3V /13.42 / ON or OFF /ON or OFF/all +2 MA
crerp  Sabmtance st | gan =10 : o
crern  Gapactanceotte | gan= 1 : o
ILREF Eﬁ:ﬁ;ﬁ?ce Leakage | poyer-down 1 nA
ANALOG INPUT
Gain = 1-8, buffer ON GND + 0.1 VA-0.1 \Y
VINP Positive Input Gain = 16 - 128, buffer ON GND + 0.4 VA-15 \Y
Gain = 1-8, buffer OFF GND VA \%
Gain = 1-8, buffer ON GND + 0.1 VA-0.1 \%
VINN Negative Input Gain = 16 - 128, buffer ON GND + 0.4 VA-15 \%
Gain = 1-8, buffer OFF GND VA \Y

8 Submit Documentation Feedback
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Electrical Characteristics (continued)

Unless otherwise noted, the key for the condition is (VA = VIO = VREF) / ODR (SPS) / buffer / calibration / gain . The typical

values apply for T, = +25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VIN Differential Input VIN = VINP - VINN +VREF / PGA
ZIN Differential Input ODR = 13.42 SPS 15.4 MQ
Impedance
CINP Capacitance of the 5V /214.65/ OFF / OFF /1 4 pF
Positive Input
Capacitance of the
CINN Negative Input 5V /214.65/OFF/OFF /1 4 pF
3V &5V /13.42/ON/OFF/1-8 500 pA
1IN Input Leakage Current
3V &5V /13.42/ON/OFF /16 - 128 100 pA
DIGITAL INPUT CHARACTERISTICS at VA = VIO = VREF =3.0V
VIH Logical "1" Input 0.7 x VIO v
Voltage
Logical "0" Input
VIL Voltage 0.3 x VIO \%
Digital Input Leakage )
1L Current 10 +10 HA
Digital Input
VHYST Hysteresis 0.1 x VIO \Y
DIGITAL OUTPUT CHARACTERISTICS at VA = VIO =VREF=3.0V
Logical "1" Output
VOH Voltage Source 300 pA 2.6 \Y
voL Logical 0" Output | giny 300 A 0.4 v
Voltage
10ZH, TRI-STATE Leakage
10zZL Current -10 10 KA
cour  [R-STATE See® 5 pF
apacitance
EXCITATION CURRENT SOURCES CHARACTERISTICS (LMP90080/LMP90078 ONLY)
0, 100, 200,
Excitation Current 300, 400, 500,
IBL B2 Source Output 600, 700, 800, WA
900, 1000
VA = VREF = 3V 2.5%
VA=VREF =3V, TynsTa<T, -7% 7%
IBL/IB2 Tolerance MNTZ AT Max
VA = VREF =5V 0.2%
VA = VREF =5V, Tyiy < Ta < Tuax -3.5% 3.5%
1B1/1B2 Output _ _
Compliance Range VA = 3.0V & 5.0V, IB1/IB2 = 100 pA to 1000 pA VA -0.8 \%
IB1/1B2 Regulation VA = 5.0V, IB1/IB2 = 100 pA to 1000 pA 0.07 %IV
) VA = 3.0V 95 ppm/°C
IBTC 1B1/IB2 Drift
VA = 5.0V 60 ppm/°C

Copyright © 2011-2016, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Unless otherwise noted, the key for the condition is (VA = VIO = VREF) / ODR (SPS) / buffer / calibration / gain
values apply for T, = +25°C.

. The typical

PARAMETER

TEST CONDITIONS

MIN TYP

MAX

UNIT

IBMT

IB1/1B2 Matching

3V &5V /214.65/ OFF / OFF / 1,
IB1/IB2 = 100 pA

0.34%

3V & 5V /214.65/ OFF /| OFF / 1,
IB1/1B2 = 100 pA, Tyin < Ta < Tyax

1.53%

3V & 5V / 214.65 /| OFF | OFF / 1,
IB1/IB2 = 200 pA

0.22%

3V & 5V /214.65/ OFF /| OFF / 1,
IB1/1B2 = 200 pA, Tyin < Ta < Tyax

1%

3V &5V /214.65 /| OFF | OFF / 1,
IB1/IB2 = 300 pA

0.2%

3V & 5V / 214.65 / OFF / OFF / 1,
IB1/IB2 = 300 pA, Ty S Ta < Tyax

0.85%

3V &5V /214.65 / OFF / OFF / 1,
IB1/IB2 = 400 pA

0.15%

3V & 5V / 214.65 / OFF / OFF / 1,
IB1/IB2 = 400 PA, Ty S Ta < Tyax

0.8%

3V &5V /214.65/ OFF / OFF /1,
IB1/1B2 = 500 pA

0.14%

3V & 5V / 214.65 / OFF / OFF / 1,
IB1/IB2 = 500 PA, Ty S Ta < Tyax

0.7%

3V &5V /214.65/ OFF /| OFF / 1,
IB1/1B2 = 600 pA

0.13%

3V &5V /214.65/ OFF | OFF / 1,
IBL/IB2 = 600 PA, Tyun < Ta < Tyax

0.7%

3V &5V /214.65/ OFF / OFF / 1,
IB1/1B2 = 700 pA

0.075%

3V &5V /214.65 / OFF / OFF / 1,
IBL/IB2 = 700 pA, Ty < Ta < Tuax

0.65%

3V & 5V /214.65/ OFF / OFF / 1,
IB1/IB2 = 800 pA

0.085%

3V &5V /214.65/ OFF | OFF / 1,
IBL/IB2 = 800 PA, Ty < Ta < Tyax

0.6%

3V & 5V /214.65/ OFF / OFF / 1,
IB1/IB2 = 900 pA

0.11%

3V & 5V / 214.65 / OFF / OFF / 1,
IB1/IB2 = 900 PA, Ty S Ta S Tuax

0.55%

3V &5V /214.65/ OFF / OFF / 1,
IB1/IB2 = 1000 pA

0.11%

3V & 5V / 214.65 / OFF / OFF / 1,
IBL/IB2 = 1000 PA, Ty S Ta < Tyax

0.45%

IBMTC

IB1/1B2 Matching Drfit

VA =3.0V &5.0V, IB1/IB2 = 100 pA to 1000 pA

ppm/°C

INTERNAL/EXTERNAL CLK

CLKIN

Internal Clock
Frequency

893

kHz

CLKEXT

External Clock
Frequency

See®

18 3.5717

7.2

MHz

External Crystal
Frequency

Input Low Voltage

Input High Voltage

Frequency

18 3.5717

7.2

MHz

Start-up time

ms

SCLK

Serial Clock

10

MHz

10
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8.6 Timing Requirements
Unless otherwise noted, specified limits apply for V4 = V| = 3 V. The typical values apply for T, = 25°C.

MIN NOM MAX UNIT
fscik 10 MHz
tcH SCLK High time See Figure 1. 0.4/ fscik ns
toL SCLK Low time 0.4/ fSCLK ns
8.7 Timing Requirements - CSB Timing
MIN NOM MAX UNIT
tcssu CSB Setup time prior to an SCLK See Figure 2.
rising edge 5 ns
tcsH CSB Hold time after the last rising )
edge of SCLK See Figure 3. 6 ns
8.8 Timing Requirements - SCLK and SDI Timing
MIN NOM MAX| UNIT
tcikr SCLK Rise time ) 1.15 ns
- See Figure 4.
tceke SCLK Fall time 1.15 ns
SDI Setup time prior to an SCLK rising 5 ns
t edge
DISY g - — See Figure 5.
SDI Hold time after an SCLK rising 6 ns
toiH edge
8.9 Timing Requirements - SDO Timing With DOD1
MIN NOM MAX UNIT
tboa  SDO Access time after an SCLK falling edge . 35 ns
- - See Figure 6.
toon  SDO Hold time after an SCLK falling edge 5 ns
toop1  SDO Disable time after the rising edge of CSB | See Figure 7. 27 ns
8.10 Timing Requirements - SDO Timing with DOD2
MIN NOM MAX UNIT
toopz  SDO Disable time after either edge of SCLK | See Figure 8 and Figure 9. 27 ns
8.11 Timing Requirements - SDO and DRDYB Timing
MIN NOM MAX UNIT
SDO Enable time from the falling )
tooe edge of the 8th SCLK See Figure 10. 35 ns
t SDO Rise time® ns
DOR — 1 See Figure 11.
tbor SDO Fall time® ns
¢ Data Ready Bar pulse at every ODR = 13.42 SPS 64 Hs
DROYB  1/ODR second 13.42 < ODR < 214.65 SPS 4 Hs
(1) This parameter is specified by design and/or characterization and is not tested in production.
Copyright © 2011-2016, Texas Instruments Incorporated Submit Documentation Feedback 11
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CSB SS
ﬁ tcH 3« *: teL :* *: 1/fsc._K;$
SCLK 1 2 3 4 5 6 7 8 9 10 12 13 14 15 16 17 SS n E
- INST2 >
\
sor T ) X X XA
- DRDYB is driving the pin - SDO is driving the pin
Data Byte (s)
20 FOOO00O000HE
DRDYB
Figure 1. Timing Diagram
csB ] csB h
0.3Vio |
! |
1 1
—>§ 54— tcssumin tcSHmin —>i §<—
. |
. 0.7Vio i
SCLK :

Figure 2. CBS Setup Time

1
1
1
0.7Vio / 0.7V|0
X DB
0.3Vio q ! 0.3Vio

Figure 6. SDO Enable Time

0.7Vio
n

SCLK

Figure 3. CBS Hold Time

0.7Vio
SCLK

toisu | toH
< >l

- -t >

XX X>{O.7VIO 0.7VIO\<XXX
SDI DB
’K0.3V|o 0.3V|o]7

Figure 5. SCLK Setup and Hold Time

CcsB

<— {pop1

SDO DBO

§O.QV|0

—0.1Vio

Figure 7. SDO Rise and Fall Time

12 Submit Documentation Feedback

Copyright © 2011-2016, Texas Instruments Incorporated

Product Folder Links: LMP90077 LMP90078 LMP90079 LMP90080



13 TEXAS
INSTRUMENTS
LMP90077, LMP90078, LMP90079, LMP90080

www.ti.com SNAS521H —JULY 2011 —-REVISED JANUARY 2016

SCLK SCLK

tpop2 (optional, \
SW_OFF_TRG=1) |

1
1
1
1
1
1
1
:
—™ <+— tpop2

_>i | —
- X o09vp
0.9V|o
SDO DBO i—
SDO DBO >7
—_— 01V
—0.1V|o
Figure 8. SDO Disable Time Figure 9. SDO Rise and Fall Time
SCLK 8 I 0.3Vio ° E E
tDOE—>E - ; i .
0.7Vio > _>§ F_tDOR _>€ i‘_tDOF
SDO —3 DB7
0.3Vio
Figure 10. SDO Enable Time Figure 11. SDO Rise and Fall Time

Table 1. ENOB (Noise Free Resolution) vs Sampling Rate and Gain At Vo = Vg = Vggr = 3V

ODR (SPS) GAIN

1 2 4 8 16 32 64 128
1.6775 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15.5)
3.355 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (14.5)
6.71 16 (16) 16 (16) 16 (16) 16 (15.5) 16 (16) 16 (16) 16 (15) 16 (14.5)
13.42 16 (16) 16 (16) 16 (15.5) 16 (15) 16 (16) 16 (15.5) 16 (15) 16 (14)
26.83125 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15.5) 16 (15)
53.6625 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15) 16 (14.5)
107.325 16 (16) 16 (16) 16 (16) 16 (15.5) 16 (16) 16 (15.5) 16 (14.5) 16 (14)
214.65 16 (16) 16 (16) 16 (15.5) 16 (15) 16 (16) 16 (15) 16 (14.5) 16 (13.5)

Table 2. RMS Noise (mV) vs Sampling Rate and Gain At V5 = Vg = Vrgr = 3V
GAIN OF THE ADC
ODR (SPS)

1 2 4 8 16 32 64 128
1.6775 3.08 1.90 1.53 1.27 0.23 0.21 0.15 0.14
3.355 4.56 2.70 2.21 1.67 0.34 0.27 0.24 0.26
6.71 6.15 4.10 3.16 2.39 0.51 0.40 0.37 0.35
13.42 8.60 5.85 4.29 3.64 0.67 0.54 0.51 0.49
26.83125 3.35 2.24 1.65 1.33 0.33 0.27 0.26 0.25
53.6625 4.81 3.11 2.37 1.90 0.44 0.39 0.37 0.36
107.325 6.74 451 3.38 2.66 0.63 0.54 0.52 0.49
214.65 9.52 6.37 4.72 3.79 0.90 0.79 0.72 0.70
Copyright © 2011-2016, Texas Instruments Incorporated Submit Documentation Feedback 13
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Table 3. ENOB (Noise Free Resolution) vs Sampling Rate and Gain At V5 = Vg = Vgge = 5V

SpS GAIN OF THE ADC

1 2 4 8 16 32 64 128
1.6775 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16)
3.355 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15.5)
6.71 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15)
13.42 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15.5) 16 (15)
26.83125 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15.5)
53.6625 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15)
107.325 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15.5) 16 (14.5)
214.65 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (16) 16 (15) 16 (14)

Table 4. RMS Noise (mV) vs. Sampling Rate and Gain At Vp = V|g = Vger = 5V
ps GAIN OF THE ADC

1 2 4 8 16 32 64 128
1.6775 2.68 1.65 1.24 1.00 0.22 0.19 0.17 0.16
3.355 3.86 2.36 1.78 1.47 0.34 0.27 0.22 0.22
6.71 5.23 3.49 2.47 2.09 0.44 0.34 0.30 0.32
13.42 7.94 5.01 3.74 2.94 0.61 0.50 0.45 0.43
26.83125 2.90 1.86 1.34 1.08 0.29 0.24 0.23 0.23
53.6625 411 2.60 1.90 1.50 0.39 0.35 0.32 0.31
107.325 5.74 3.72 2.72 2.11 0.56 0.48 0.46 0.44
214.65 8.25 5.31 3.82 2.97 0.79 0.68 0.64 0.63
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8.12 Typical Characteristics

Unless otherwise noted, specified limits apply for VA = VIO = VREF = 3.0 V. The maximum and minimum values apply for T,

= Tun t0 Tuax; the typical values apply for T, = 25°C.

250 50
230 30 | |
i 210 i 10
[ [
3 3
> 190 > -10 ¥ .l
170 -30 | |
m VA =3V m VA =3V
150 : -50 :
0 200 400 600 800 1000 0 200 400 600 800 1000
TIME (ms) TIME (ms)
Figure 12. Noise Measurement Without Calibration Figure 13. Noise Measurement With Calibration
at Gain =1 at Gain =1
1600 mVA=3V 1600 aVA=3V
1400 1400
1200 | } 1200 H
z
B (fft g o
8 |
S (fff |
(fftn |
MO 111 |
0
250 -50
VOUT (nV) VOUT (uV)
Figure 14. Histogram Without Calibration Figure 15. Histogram With Calibration
at Gain =1 at Gain =1
40 20
35 15
30 10
; 25 [ [ ; 5 Y I e
= I =
E 20 | E o
o o
> 15 > 5 |
10 — | + -10 1
5 -15
m VA =3V mVA =3V
0 -20
0 200 400 600 800 1000 0 200 400 600 800 1000
TIME (ms) TIME (ms)
Figure 16. Noise Measurement Without Calibration Figure 17. Noise Measurement With Calibration
at Gain =8 at Gain =8
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Typical Characteristics (continued)

Unless otherwise noted, specified limits apply for VA = VIO = VREF = 3.0 V. The maximum and minimum values apply for T,

= Tuin t0 Tyax; the typical values apply for T, = 25°C.

2000 mVA =3V 2000 mVA =3V
1500 1500
= =
2 2
3 1000 3 1000
(] ]
500 500
0 0 \ e
-25 -15 -5 5 15 25 35 -25 -15 -5 5 15 25 35
VOUT (nV) VOUT (uV)
Figure 18. Histogram Without Calibration Figure 19. Histogram With Calibration
at Gain = 8 at Gain = 8
4 4
3 3
2 2 1
S\ 1 l ’>‘ 1 [ I
2 2
5 0 5 o
S S
-1 l I l 1 -1 LN B IR l |
-2 -2
-3 -3
mVA =3V m VA =3V
-4 -4
0 200 400 600 800 1000 0 200 400 600 800 1000
TIME (ms) TIME (ms)
Figure 20. Noise Measurement Without Calibration Figure 21. Noise Measurement With Calibration
at Gain = 128 at Gain = 128
3000 mVA =3V 3000 mVA =3V
2500 2500
2000 2000
z =
3 1500 3 1500
© o
1000 1000
500 500
0 N ls. 0 ..II Illn.
-5 -3 -1 1 3 5 -5 -3 -1 1 3 5
VOUT (uV) VOUT (uV)
Figure 22. Histogram Without Calibration Figure 23. Histogram With Calibration
at Gain = 128 at Gain = 128
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Typical Characteristics (continued)

Unless otherwise noted, specified limits apply for VA = VIO = VREF = 3.0 V. The maximum and minimum values apply for T,

= Tuin t0 Tyax; the typical values apply for T, = 25°C.

12

mVA =3V
VA =5V
10

RMS NOISE (uV)

|
1 2 4 8 16 32 64 128

GAIN

Figure 24. Noise vs. Gain Without Calibration
at ODR = 13.42 SPS

12
m VA =3V
VA =5V
10
3 8
&
o °[ ]
=z
2 4
o
2_— —
0 I I

1 2 4 8 16 32 64 128

GAIN

Figure 25. Noise vs. Gain With Calibration
at ODR = 13.42 SPS

12

mVA =3V
VA =5V
10

RMS NOISE (V)
(o]
[

0 I

1 2 4 8 16 32 64 128
GAIN

Figure 26. Noise vs. Gain Without Calibration
at ODR = 214.65 SPS

12

mVA =3V
VA =5V
10

RMS NOISE (V)
o
[

o | 11 |

1 2 4 8 16 32 64 128
GAIN

Figure 27. Noise vs. Gain With Calibration
at ODR = 214.65 SPS

300

250

200 Y

150 VA =5V

100

OFFSET VOLTAGE (pV)

50

0

40 20 0 20 40 60 80 100 120
TEMPERATURE (T)

Figure 28. Offset Error vs. Temperature Without Calibration
at Gain =1

2.0 T
VA =3V
S
g ]
5 —
o 10 S
A 7
7
i VA =5V
w 05
o)
0.0

40 20 0 20 40 60 80 100 120
TEMPERATURE (T)

Figure 29. Offset Error vs. Temperature With Calibration
at Gain =1
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Typical Characteristics (continued)

Unless otherwise noted, specified limits apply for VA = VIO = VREF = 3.0 V. The maximum and minimum values apply for T,

= Tuin t0 Tyax; the typical values apply for T, = 25°C.

440 20 0 20 40 60 80 100 120
TEMPERATURE (T)

Figure 32. Gain Error vs. Temperature Without Calibration

25 0.4
S 20 < X T TT—
=1 \>:l 0.2
~ -~
W VA =5V W VA =3V 7
2 15 z ]
[ [ /
= - 0.0 Pl
(@] o . /
> > »
i m v
% VA=3V @ L~ VA =5V
o 'S I w -0.2
o 5 — — | o
L~
L
0 -04
-40 -20 0 20 40 60 80 100 120 -40 -20 0O 20 40 60 80 100 120
TEMPERATURE (T) TEMPERATURE (T)
Figure 30. Offset Error vs. Temperature Without Calibration Figure 31. Offset Error vs. Temperature With Calibration
at Gain =8 at Gain =8
160 40
150 \\ N\,
a \ VA =5V a 20 N
g NG / = \ VA =5V
T 140 PN s L
o) ~_\ ¢
x N x O
4 o~ \* 4
y 130 N 2 \
< \ 3 N\
o VA =3V \ O 20
120 NG \ T—
N
VA =3V
110 -40

440 -20 0 20 40 60 80 100 120
TEMPERATURE ()

Figure 33. Gain Error vs. Temperature With Calibration

40 20 0 20 40 60 80 100 120
TEMPERATURE ()

Figure 34. Gain Error vs. Temperature Without Calibration
at Gain = 8

at Gain =1 at Gain =1
-100 -20 ‘ ‘
-110 — - -
— -40 VA =3V
T— /
s P s N
a -120 7 o N
E:’ VA =3V E:’ -60 —
) / )
A VA : g
z X > 80 //
Z 140 // z VA =5V /
o VA =5V o N
150 / -100 \~\ //
4 \\/
-160 -120

40 20 0 20 40 60 80 100 120
TEMPERATURE ()

Figure 35. Gain Error vs. Temperature With Calibration
at Gain = 8
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Typical Characteristics (continued)

Unless otherwise noted, specified limits apply for VA = VIO = VREF = 3.0 V.

= Tuin t0 Tyax; the typical values apply for T, = 25°C.

The maximum and minimum values apply for T,

5 4 3 -2 -1 0

VIN (V)

Figure 38. INL at Gain =1

1 2 3 4 5

0 0
\\ \\\ ?k\ \\\
-20 v ﬁ( -20 \
__ 40 ! __ 40 i HH
o o
k=2 k=2
Zz -60 B Zz -60 HH
< <
o o
-80 -80 -
m1.7 SPS m 26.83 SPS
m3.4 SPS u53.66 SPS
-100 —m 6.7 SPS -100 4 107.33 SPS
m13.4 SPS m214.65 SPS
qpob—L [l oL LI
1 10 100 10 100 1k
FREQUENCY (Hz) FREQUENCY (Hz)
Figure 36. Digital Filter Frequency Response Figure 37. Digital Filter Frequency Response
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L
©
I 0
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T 5 "‘\j\/\\.’ﬂ'
mVA =5V, 13.4 SPS
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9 Detailed Description

9.1 Overview

Throughout this datasheet, the LMP90080/LMP90079/LMP90078/LMP90077 will be referred to as the
LMP900xXx.

The LMP900xx is a low-power 16-Bit A ADC with 4 fully differential/7 single-ended analog channels for the
LMP90080/LMP90079 and 2 full differential/4 single-ended for the LMP90078/LMP90077. Its serial data output is
two's complement format. The output data rate (ODR) ranges from 1.6775 SPS to 214.65 SPS.

The serial communication for LMP900xx is SPI, a synchronous serial interface that operates using 4 pins: chip
select bar (CSB), serial clock (SCLK), serial data in (SDI), and serial data out / data ready bar (SDO/DRDYB).

True continuous built-in offset and gain background calibration is also available to improve measurement
accuracy. Unlike other ADCs, the LMP900xx’s background calibration can run without heavily impacting the input
signal. This unique technique allows for positive as well as negative gain calibration and is available at all gain
settings.

The registers can be found in the Register Maps section, and a detailed description of the LMP900xx are
provided in the following sections.

9.2 Functional Block Diagram

@ chip Configurable

O channel configurable LMP900xx
O Fixed VA VIO
(" EXC. —— )
CURRENT
LMP90080/ | |
LMP90078 only ) | POR >
\ 4
SERIAL I/F
VIN l—¢
0 tj W CONTROL SCLK
| l«—¢ sDI
VIN BACKGROUND [ Bhisa &
1x, 2, CALIBRATION SDO/DRDYB
VIN2 = CALIBRATION 4x, 8x DATA PATH >
vina | I [4—@ CSB
S e
_|
LMP90080/ VIN4 ( )
LMP90079 only < .
vins | & &1 16 bit ZA DIGITAL
T FILTER
VIN6/VREFP2 Module
7
VIN7/VREFN2 - ~ ‘) L J
—
—/
Internal _: [ Ext.Clk '
CLK < \ u)etect
7'y
L4
\_ l_ 0/
GND VREFP1  VREFN1 XouT CLK/ D6l DO
XIN DRDYB
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9.3 Feature Description

9.3.1 Calibration

As seen in Figure 39, there are two types of calibration: background calibration and system calibration. These
calibrations are further described in the next sections.

Calibration

Background
calibration
[ Correction ] [ Estimation ] ( Offset ) [ Gain ]

System
calibration

Figure 39. Types of Calibration

9.3.1.1 Background Calibration

Background calibration is the process of continuously determining and applying the offset and gain calibration
coefficients to the output codes to minimize the LMP900xx’s offset and gain errors. Background calibration is a
feature built into the LMP900xx and is automatically done by the hardware without interrupting the input signal.

Four differential channels, CHO-CH3, each with its own gain and ODRs, can be calibrated to improve the
accuracy.

9.3.1.1.1 Types of Background Calibration:
Figure 39 also shows that there are two types of background calibration:
Type 1: Correction the process of continuously determining and applying the offset and gain calibration
coefficients to the output codes to minimize the LMP900xx’s offset and gain errors.
This method keeps track of changes in the LMP900xx's gain and offset errors due to
changes in the operating condition such as voltage, temperature, or time.
Type 2: Estimation the process of determining and continuously applying the last known offset and gain
calibration coefficients to the output codes to minimize the LMP900xx’s offset and gain errors.

The last known offset or gain calibration coefficients can come from two sources. The first
source is the default coefficient which is pre-determined and burnt in the device’s non-
volatile memory. The second source is from a previous calibration run of Type 1: Correction.

The benefits of using Type 2 calibration is a higher throughput, lower power consumption, and slightly better
noise. The exact savings would depend on the number of channels being scanned, and the ODR and gain of
each channel.

9.3.1.1.2 Using Background Calibration:

There are four modes of background calibration, which can be programmed using the BGCALCN bits. They are
as follows:

« BgcalModeO: Background Calibration OFF

« BgcalModel: Offset Correction / Gain Estimation

» BgcalMode2: Offset Correction / Gain Correction. Follow Figure 40 to set other appropriate registers when
using this mode.

« BgcalMode3: Offset Estimation / Gain Estimation
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Feature Description (continued)

Set
BGCALCN = 10b to
operate the device in
BgcalMode2

ScanMode2. Set FIRST_CH &

Set CH_SCAN_SEL = 10b to
operate the device in
LAST_CH accordingly.

Set
FGA_BGCAL=1to

correct for FGA error
using the last known
coefficients.

Set FGA_BGCAL = 0 (default)

Figure 40. BgcalMode2 Register Settings

If operating in BgcalMode2, four channels (with the same ODR) are being converted, and FGA BGCAL = 0
(default), then the ODR is reduced by:

1. 0.19% of 1.6775 SPS
0.39% of 3.355 SPS
0.78% of 6.71 SPS
1.54% of 13.42 SPS
3.03% of 26.83125 SPS
5.88% of 53.6625 SPS
11.11% of 107.325 SPS
20% of 214.65 SPS

© Nk wDN

9.3.1.2 System Calibration
The LMP900xx provides some unique features to support easy system offset and system gain calibrations.

The System Calibration Offset Registers (CHx_SCAL_OFFSET) hold the System Calibration Offset Coefficients
in 16-bit, two's complement binary format. The System Calibration Gain Registers (CHx_SCAL_GAIN) hold the
System Calibration Gain Coefficient in 16-bit, 1.15, unsigned, fixed-point binary format. For each channel, the
System Calibration Offset coefficient is subtracted from the conversion result prior to the division by the System
Calibration Gain coefficient.

A data-flow diagram of these coefficients can be seen in Figure 41.

Calibrated
ADC_DOUT

Uncalibrated
VIN

OFFSET GAIN
[CHx_SCAL_ [CHx_SCAL_
OFFSET] GAIN]

Figure 41. System Calibration Data-Flow Diagram

There are four distinct sets of System Calibration Offset and System Calibration Gain Registers for use with
CHO-CH3. CH4-CHS6 reuse the registers of CHO-CH2, respectively.
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Feature Description (continued)

The LMP900xx provides two system calibration modes that automatically fill the Offset and Gain coefficients for
each channel. These modes are the System Calibration Offset Coefficient Determination mode and the System
Calibration Gain Coefficient Determination mode. The System Calibration Offset Coefficient Determination mode
must be entered prior to the System Calibration Gain Coefficient Determination mode, for each channel.

The system zero-scale condition is a system input condition (sensor loading) for which zero (0x0000) system-
calibrated output code is desired. It may not, however, cause a zero input voltage at the input of the ADC.

The system reference-scale condition is usually the system full-scale condition in which the system's input (or
sensor's loading) would be full-scale and the desired system-calibrated output code would be 0x8000 (unsigned
16-bit binary). However, system full-scale condition need not cause full-scale input voltage at the input of the
ADC.

The system reference-scale condition is not restricted to just the system full-scale condition. In fact, it can be any
arbitrary fraction of full-scale (up to 1.25 times) and the desired system-calibrated output code can be any
appropriate value (up to OxA000). The CHx_SCAL_GAIN register must be written with the desired system-
calibrated output code (default:0x8000) before entering the System Calibration Gain Coefficient Determination
mode. This helps in in-place system calibration.

9.3.1.2.1 System Calibration Offset Coefficient Determination Mode

Below are the detailed procedures for using the System Calibration Offset Coefficient Determination and System
Calibration Gain Coefficient Determination modes.

1. Apply system zero-scale condition to the channel (CHO/CH1/CH2/CH3).

2. Enter the System Calibration Offset Coefficient Determination mode by programming 0x1 in the SCALCN
register.

3. LMP900xx starts a fresh conversion at the selected output data rate for the selected channel. At the end of
the conversion, the CHx_SCAL_OFFSET register is filled-in with the System Calibration Offset coefficient.

4. The System Calibration Offset Coefficient Determination mode is automatically exited.

5. The computed calibration coefficient is accurate only to the effective resolution of the device and will
probably contain some noise. The noise factor can be minimized by computing over many times, averaging

(externally) and putting the resultant value back into the register. Alternatively, select the output data rate to
be 26.83 SPS or 1.67 SPS.

9.3.1.2.2 System Calibration Gain Coefficient Determination Mode

1. Repeat the System Calibration Offset Coefficient Determination to calibrate the Sys