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LMP92001 Analog System Monitor and Controller

Check for Samples: LMP92001

FEATURES » User-selectable source: External or Internal
16 Analog Voltage Monitoring Channels * Internal Reference 4.5V +0.7%

« 12-bit ADC with programmable input MUX Analog Temperature Sensor

« No Missing Codes * Readable via ADC channel 17

« Total Unadjusted Error (TUE) 0.1% « Temperature Error +2°C

« Single-Shot or Continuous Conversion Modes 8-bit GPIO Port

« Programmable window comparator function  Each bit individually programmable

« Interrupt signal generation for input out-of- I°C-Compatible Bus
bound condition * Supports Standard and Fast Modes
12 Programmable Analog Voltage Outputs e Bus TIMEOUT function

» Twelve 12-bit DACs * Supports Block data transfers

* Guaranteed Monotonic

« Settling Time 8.5 s APPLICATIONS

+ Simultaneous update of all channels to same * RF PA Bias Monitoring and Control
value e System Monitoring and Control

e Asynchronous output control forces rail e Industrial Monitoring and Control
voltage at output + Test Equipment and Instrumentation

Voltage Reference

DESCRIPTION

The LMP92001 is a complete analog monitoring and control circuit which includes a sixteen channel 12-bit
Analog to Digital Converter (ADC), twelve 12-bit Digital to Analog Converters (DACs), an internal reference, an
internal temp sensor, an 8-bit GPIO port, and an I2C-compatible interface.

The ADC can be used to monitor rail voltages, current sense amplifier outputs or sensors and includes a
programmable window comparator function on six of its 16 channels to detect out-of range conditions.

The DACs can be used to control PA bias points, actuators, potentiometers, etc. When required, the outputs can
be instantaneously driven to either supply rail using the output switches and the asynchronous DAC control
inputs.

Both ADC and DACs can use either the internal 4.5V reference or an external reference independently.

The built-in temperature sensor is treated as the 17th analog sense input. In addition, the 8-bit GPIO port allows
for the resources of the microcontroller to be further extended, providing even more flexibility.

The LMP92001 is available in a space saving 54-pin package and is operational over the full - 40°C to 125°C
temperature range.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date. Copyright © 2011-2012, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not

necessarily include testing of all parameters.
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Typical Application
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Overview

The LMP92001 has a flexible, feature-rich functionality which makes it ideally suited for many analog monitoring
and control applications, for example base-station PA subsystems. This device provides the analog interface
between a programmable supervisor, such as a microcontroller, and an analog system whose behavior is to be
monitored and controlled by the supervisor.

To facilitate analog monitoring functionality, the device contains a single 12-bit ADC fronted by a 17-input
multiplexor. The 16 MUX inputs are available to the user via pins IN[16:1]. The last remaining MUX channel is
reserved for the internal analog temperature sensor.

The analog control functionality is served by twelve 12-bit voltage output DACs. Besides producing voltage
corresponding to the digital input code, the DACs can be forced by the user to either rail instantaneously.

Additional digital monitoring and control can be realized via the General Purpose 1/0 port GPIO[7:0].

Two more blocks are present for added functionality: a local temperature sensor (already mentioned above) and
an internal reference voltage generator.

17-CHANNEL ANALOG SENSE WITH 12-BIT ADC

The user can monitor up to 16 external voltages with the 12-bit ADC and its 17-channel input MUX. Typically
these voltages will be generated by the analog sensors, instrumentation amplifiers, current sense amplifiers, or
simply resistive dividers if high potentials need to be measured. Channel 17 of the input MUX is reserved for the
internal temperature sensor, and is not available as an external input to the device.

User can program which MUX channels to enable, and whether to convert these channel inputs in sequence
continuously, or in a single-shot mode. Upon completion all conversion results are stored in the internal data
registers, and can be read back by the user via the 1°C-compatible interface.

Analog input channels 1-3 and 9-11 have a built-in digital window comparator function with user programmable
thresholds. This function can be used to alert the supervisor microcontroller of an out-of-bound condition. The
comparator function result is stored in the internal status register which is user accessible. It can also be used as
the interrupt signal generator where the out of bound conditions will be reported via the INT[2:1] output pins.

Sequencing of the analog sense system is governed by the internal controller. Once enabled the MUX, the ADC,
the window comparator and the interrupts perform their function without further user intervention.
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PROGRAMMABLE ANALOG CONTROL VOLTAGE OUTPUTS

Twelve identical individually programmable 12-bit DAC blocks are available to generate analog voltages, which
can be used to control bias conditions of external circuits, position of servos, etc.

In case simultaneous update of all outputs to the same level is needed, a single internal register is provided that
effects simultaneous update of all DAC data registers.

A DAC, by definition, produces an output in the range of GND to DREF. In some systems, however, it may be
desirable for the OUT pins to produce either GND or VDD, i.e., beyond DREF. This is made possible via the
asynchronous DAC control inputs C[4:1]. When activated, these inputs will force the OUT pins to either rail. The
choice of rail is made in the internal control register.

INTERNAL ANALOG TEMPERATURE SENSOR

An on-board analog temperature sensor is available to monitor the device’s own temperature. Once enabled, the
analog temperature sensor output is sampled via the MUX channel 17, and its conversion result is stored in the
internal register for user read back.

INTERNAL VOLTAGE REFERENCE SOURCE

Another resource available to the user is the internal, temperature-compensated reference voltage source. By
default both ADC and DACs expect reference potentials to be supplied externally. The user can choose to
enable the internal reference and use it with the ADC and/or the DACs.

The internal reference source cannot drive an external load.

8-BIT GENERAL PURPOSE I/O

The GPIO port can be used to expand the microcontroller capabilities. This port is memory mapped to the
internal register, which in turn is accessible via the I°C-compatible interface. Since each bit is individually
programmable as an Input or Output, the port is ideally suited for external switch control and status flag
monitoring, without further burdening of microcontroller 1/O resources.

I’C-COMPATIBLE INTERFACE

The microcontroller supervisor communicates with LMP92001 via a popular 1°C-compatible 2—wire interface. This
interface provides the user full access to all Data, Status and Control registers of the device.

There are 2 address setting pins, AS[1:0], that allow the device to occupy any one of 9 possible Interface
Addresses on the bus.

Block Access commands are provided to minimize the transfer overhead of larger data sets.
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Connection Diagram

LMP92001
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Pin Functions

Pin Descriptions

Name Pin ESD Structures Function

VDD 14, 50 CEI;EP Supply rail

GND 4,13, 41, 45 Device Ground
IN1 5
IN2 6
IN3 7
IN4 8
INS 9
IN6 10
IN7 11
IN8 12
INO 20 Analog Voltage Sense Inputs
IN10 39

IN11 38 =

IN12 37

IN13 36

IN14 35

IN15 34

IN16 33
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Pin Descriptions (continued)

Name Pin ESD Structures Function
OouT1 52
ouT2 53
OuT3 54
OouT4
OuT5
ouT6
ouT? 48
ouTs8 a7 Analog Control Voltage Outputs
ouT9 46
OuT10 44
OouT11 43 .
OouT12 42
SCL 23 I2C-compatible clock input
SDA 24 % FI—_L Bidirectional I’C-compatible data line
. . I:l | I°C-compatible Interface Address
AS[0:1] 31:32 selection inputs.
Cl1:4] 2730 Asynchronous DA_C output control digital
inputs
. . Digital I/0. CMOS Input or Open-Drain
GPIO[0:7] 15:22 % Fl__l. Output
. . 1 1 = Interrupt outputs. Open-Drain, active
INT[1:2] 25:26 = = LOW
8 Submit Documentation Feedback Copyright © 2011-2012, Texas Instruments Incorporated
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Pin Descriptions (continued)

Name Pin ESD Structures Function
AREF 49 ADC reference
DREF 51 DAC reference
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‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings @® @

VDD Relative to GND -0.3V to 6.0V
Voltage between any 2 pins® 6.0V
Current in or out of any pin © 5mA
Current through VDD or GND 78 mA, Ty = 125°C
120 mA, T = 105°C
Junction Temperature +150°C
Storage Temperature Range -65°C to +150°C
ESD Susceptibility )
Human Body Model 2500V
Machine Model 250V
Charged Device Model 1250V
For Soldering specifications:
See product folder at www.national.com and www.national.com/ms/MS-SOLDERING.pdf.

(1) Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur, including inoperability and degradation of
device reliability and/or performance. Functional operation of the device and/or non-degradation at the Absolute Maximum Ratings or
other conditions beyond those indicated in the Recommended Operating Conditions is not implied. The recommended Operating
Conditions indicate conditions at which the device is functional and the device should not be operated beyond such conditions.

(2) All voltages are measured with respect to GND = 0V, unless otherwise specified.

(3) When the input voltage (VIN) at any pin exceeds power supplies (VIN < GND or VIN > VDD), the current at that pin must not exceed
5mA, and the voltage (VIN) at that pin relative to any other pin must not exceed 6.0V. See Pin Descriptions for additional details of input
circuitry.

(4) The Human Body Model (HBM) is a 100 pF capacitor charged to the specified voltage then discharged through a 15 kQ resistor into
each pin. The Machine Model (MM) is a 200 pF capacitor charged to specified voltage then discharged directly into each pin. The
Charged Device Model (CDM) is a specified circuit characterizing an ESD event that occurs when a device acquires charge through
some triboelectric (frictional) or electrostatic induction process and then abruptly touches a grounded object or surface.

Operating Conditions @ @

Operating Ambient Temperature -40°C to 125°C
VDD Voltage Range 4.5V to 5.5V
DAC Output Load C OpF to 1500pF
0;a 24°C/wW
0;c 2°C/wW

(1) Absolute Maximum Ratings” indicate limits beyond which damage to the device may occur, including inoperability and degradation of
device reliability and/or performance. Functional operation of the device and/or non-degradation at the Absolute Maximum Ratings or
other conditions beyond those indicated in the Recommended Operating Conditions is not implied. The recommended Operating
Conditions indicate conditions at which the device is functional and the device should not be operated beyond such conditions.

(2) All voltages are measured with respect to GND = 0V, unless otherwise specified.
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Electrical Characteristics

Unless otherwise noted, these specifications apply for VDD=4.75V to 5.5V, AREF=DREF=VDD, T,=25°C. Boldface limits are
over the temperature range of —40°C < T, < 125°C unless otherwise noted. DAC input code range 48 to 4047. DAC output C,
= 200 pF unless otherwise noted.

Symbol Parameter Conditions Min ‘ Typ ‘ Max Units
DAC CHARACTERISTICS
Resolution 12 12 Bits
Monotonicity 12 Bits
DNL Differential Non-Linearity R_ = 100k -0.6 0.6 LSB
INL Integral Non-Linearity R_ = 100k -8 8
ZE Zero Error R_ = 100k 15 mV
ZEDRIFT | Zero Error Temperature Drift R_ = 100k 2.0 pv/eC
FSE Full-Scale Error R_ = 100k =0.75
- %FS
GE Gain Error R_ = 100k 0 -1
GEDRIFT | Gain Error Temperature Drift R_ = 100k 11.0 ppm/° C
| =200 pA 7
ZCO Zero Code Output ouT H mV
lout = 1mA 31
FSO Full Scale Output at code 4095 VDD = DREF =5V, Igyt = 1ImA 4.988 4.995 VDD \Y
VDD =5V, OUT =0V,
| Output Short Circuit Current Input Code = FFFh ~60
0s (Source) CDAC.OFF=0
C[4:1]=HIGH
VDD = 5V, OUT = DREF,
| Output Short Circuit Current Input Code = 000h 70 mA
os (Sink) @ CDAC.OFF=0
C[4:1]=HIGH
Continuous Output Current per Ta=105°C 10
lo
Channel (to prevent damage) Tao=125°C 6.5
CL Load Capacitance R =2k or » 1500 pF
DC Output Impedance 8 Q
OUT[1:12] Output Voltage when | RL = 100k, C[1:4] = GND, CDAC.OLVL 4.992 VDD vV
Asynchronous Output Control is =1
activated C[1:4] = GND, CDAC.OLVL = 0 GND 0.6 mv
ADC CHARACTERISTICS
Resolution with No Missing 1 Bits
Codes -40°C £ Tp < 105°C 12
TUE Total Unadjusted Error -0.1 0.1 %
. . . . -40°C < Tp < 105°C -0.99
DNL Differential Non-Linearity 12
— : LSB
INL Integral Non-Linearity +0.6
OE Offset Error =23 2.3
OEDRIFT | Offset Error Temperature Drift 0.005 LSB/°C
OEMTCH | Offset Error Match =15 15 LsB
GE Gain Error =2 2
GEDRIFT | Gain Error Temperature Drift -0.002 LSB/°C
GEMTCH | Gain Error Match =15 15 LSB
SNR Signal-to-Noise Ratio 72 dB
o ) Offset Error change with VDD 77 dB
PSRR Power Supply Rejection Ratio - -
Gain Error change with VDD 73
Vin FS Input Range AREF
lina Input Current In Hold or inactive +1 HA
(1) Indicates the typical internal short circuit current limit. Sustained operation at this level will lead to device damage.
Copyright © 2011-2012, Texas Instruments Incorporated Submit Documentation Feedback 11
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Electrical Characteristics (continued)

Unless otherwise noted, these specifications apply for VDD=4.75V to 5.5V, AREF=DREF=VDD, T,=25°C. Boldface limits are
over the temperature range of —40°C < T, < 125°C unless otherwise noted. DAC input code range 48 to 4047. DAC output C,
= 200 pF unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
Cina Input Capacitance In Tra.ck - 3 PF
In Hold or inactive 3 pF
REFERENCE CHARACTERISTICS
AREF Reference Input Range CREF.AEXT =1 2.7 VDD Vv
DREF Reference Input Range 25 VDD \%
DREF Reference Input CREF.DEXT =1
Resistance 10 kQ
DREF Input Current CF?IEF?SE:X?'V; 1 660 HA
AREF Peak Current CRAEFI{:.EDF;X?V: 1 2.3 mA
AREF and DREF Reference 1 WA
Current in Powerdown
{;\éclat;ngaelly Generated Reference 4.47 45 453 vV
AREF, DREF Output Impedgnce CREF.AEXT =0 5 o)
when Internal Reference Active CREF.DEXT =0
TEMPERATURE SENSOR
Sensor Gain -13.45 mV/°C
Temperature Error ~25°C o 85°C ~2 2 °C
-45°C to +125°C -25 25
DIGITAL INPUT CHARACTERISTICS (AS1:AS0)
Viy Input HIGH Voltage 0.90x VDD \%
Vi Input MID Voltage 0.43 x VDD 0\'/?37DX
Vi Input LOW Voltage 0.1 x VDD \%
linD Digital Input Current +0.005 +1 HA
CinD Input Capacitance 4 pF
DIGITAL INPUT CHARACTERISTICS (GPIO0:GPIO7, C1:C4)
ViH Input HIGH Voltage 0.7 x VDD \%
Vi Input LOW Voltage 0.3 x VDD \%
Hysteresis 0.47 \%
linD Digital Input Current +0.005 +1 HA
CinD Input Capacitance 4 pF
DIGITAL INPUT CHARACTERISTICS (SDA and SCL)
ViH Input HIGH Voltage 2.2 \%
Vi Input LOW Voltage 1 \%
Hysteresis 0.27 \%
linD Digital Input Current +0.005 +1 HA
CinD Input Capacitance 4 pF
DIGITAL OUTPUT CHARACTERISTICS (INT and GPIO)
VoL Output LOW Voltage lout = 200 pA 0.005 0.4 \%
lout =4 mA 0.16 0.4 \
DIGITAL OUTPUT CHARACTERISTICS (SDA)
VoL Output LOW Voltage lout = 4mA 0.16 0.4 \%
lout = 6MA 0.23 0.6 \
DIGITAL OUTPUT CHARACTERISTICS (All Outputs)
12 Submit Documentation Feedback Copyright © 2011-2012, Texas Instruments Incorporated
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Electrical Characteristics (continued)

Unless otherwise noted, these specifications apply for VDD=4.75V to 5.5V, AREF=DREF=VDD, T,=25°C. Boldface limits are
over the temperature range of —40°C < T, < 125°C unless otherwise noted. DAC input code range 48 to 4047. DAC output C,
= 200 pF unless otherwise noted.

Symbol Parameter Conditions Min Typ Max Units
Current from the supply rail through the
loL Output Leakage when HIGH pullup resistor into the drain of the +1 HA
open-drain output device
Cout Output Capacitance Force OV or VDD 4 pF
POWER SUPPLY CHARACTERISTICS
Vpp Supply Voltage Range 4.75 5 55 \%
oo Sllégﬁg’acc‘tjicee”t' converting, all OUT[1:12] pins R, = = 4 6.5 mA
PWR zﬁ‘é"lizfsogiﬁ\’gpt'o”' converting, OUT[L:12] pins R, = = 25 36 mw
-40°C < Tp £ 105°C 1.9 2.4
Vpor Power-On Reset @ v
1.85 2.45
AC ELECTRICAL CHARACTERISTICS
o | sa | s
22 | as | e
e DAC Settling Time @ 400h to COOh c:ogggg?:nge, Ri=2k G 6 8.5 us
I°2C TIMING CHARACTERISTICS
I°C Clock Frequency 10 400 kHz
tLow Clock Low Time 1.3 us
tHiGH Clock High Time 0.6 us
fiDSTA Hold _‘I_'ime Repeated START After this period, the first clock pulse is 0.6 us
y condition generated
s
tHo.DAT Data hold time ) ©) 0 900 ns
tsu:pAT Data setup time 100 ns
t SDA fall time IL<3mA and C_ <400 pF 250 ns
tsu:sTo Set-up time for STOP condition 0.6 us
taur Bus free time bet\_/v_een a STOP 13 us
and START condition
Cp SDA capacitive load 400 pF
tep Eulse width of spikes t_hat must 50 ns
e suppressed by the input filter
touT SCL and SDA Timeout 25 35 ms

(2) During the power up the supply rail must ramp up beyond Vpor MIN for the device to acquire default state. After the supply rail has
reached the nominal level, the rail can drop as low as Vpor MAX for the current state to be maintained.

(3) Device Specification is guaranteed by characterization and is not tested in production.

(4) Data hold time is measured from the falling edge of SCL, applies to data transmission and the acknowledge.

(5) Device internally provides a hold time of at least 300 ns for the SDA signal to bridge the undefined region of the falling edge of SCL.
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I2C Interface Timing Diagram
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Typical Performance Characteristics

ADC: DNL
VDD =5V, AREF = 4.5V, Tp = 25°C

CREF.AEXT = 1, Single Channel Continuous Mode

DNL (Isb)

DNL (Isb)

2

0 1024 2048 3072
CODE
DAC: DNL
VDD =5V, DREF = 4.5V, Tp = 25°C
CREF.DEXT =1, RL = 100kQ
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-0.5

-1.0

0 4048
CODE SPAN 48:4048
ADC: DNL
VS.
Temperature

VDD =5V, AREF = 4.5V, CREF.AEXT =1

DNL (Isb)

2 m Minimum DNL

m Maximum DNL

50 25 0 25 50 75 100 125
TEMPERATURE ()

ADC: INL
VDD =5V, AREF = 4.5V, Tp = 25°C

CREF.AEXT =1, Single Channel Continuous Mode

2
1
- o
=4
1
-2
0 1024 2048 3072
CODE
DAC: INL
VDD =5V, DREF = 4.5V, Tp =25°C
CREF.DEXT =1, RL = 100kQ
5
4
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I 2 v
z

oM™ ' y
-1
0 4048
CODE SPAN 48:4048
ADC: INL
VS.
Temperature

VDD =5V, AREF = 4.5V, CREF.AEXT =1
2

® Minimum INL
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INL (Isb)
o

2
50 25 0 25 50 75 100 125
TEMPERATURE ()
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DAC: DNL DAC: INL
'S Vs
Temperature Temperature
VDD =5V, DREF = 4.5V, CREF.DEXT =1 VDD =5V, DREF = 4.5V, CREF.DEXT =1
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Register Set
RESERVED registers in the map in REGISTER MAP should not be accessed for either read or write

operations as this may lead to unpredictable behavior of the device.

If writing to a RESERVED bit, user must write only 0, unless otherwise stated.

REGISTER MAP

Ag(idr Name £ VE Function RIW Lock

§§((§¥ TEST lFes?ll_?\’%gls{'()ar RW
Xh RESERVED

B Br ok iB RSt g

neg STATUS

g&ig %L%EJN %Egij% ElEloiy E

% r e ke A
CONTROL

X4 eral W
X w
:

A
§<( i? ] B Br
%20 ADCL “”i CONVEFSIOn ~ADC OUTPUT DATA o
0X ARC (ChZ conversion R
0X C (Cn3 conversion R
0X C n4 conversion R
o0 o B GOnversion £
0X A o (N7 conversion R
%gg ABcd :i Eonversian D
0X T Chl0 conversion Pata R
X ARCT ChIX conversion Rafa R
X A H,.g Ch gconva Sion % a R
X A n13 conversion Pata R
X ARCT H;ig conversion Rata R
X ARCT C conversion Paga R
SR U C :
H))ézo - ﬁ ¢ chl H N NDOW COMPARATOR LIMITS :‘W \Y(
B
iy : £ HER I W Y
0X4 h i =
:gé H:I A s Ch | 1“ EW $
52 flFs ARc thg FaW fim AW Y
8% T oR oL i RV N
i Ht g : 2 v
O " nt. Teterence enable pac INPUT DATA i
Ox8 %AH; AC Chl Input Ra RW
AEs  RACE e W
AC RS 20
0X8 ACE AC B [nbut Rara RW
0x8 AC AC Cn/Z Input Pafa RW
S8 2 A g [aBUL Bals RV
AT R EO TR 2
D a m
X g BAct? BAc cht? RRHE Bata RW
X RESERVED
Ex% EFE; QAEZ%% access WA
X -12 access
X ﬁé{ -1 access
X -T7 access
X X, LI X aCCess
8;(( g BLKS LILX access RW
RESERVED
OxFE

TEST AND INFO REGISTERS

The registers in section 15.2 do not affect the operation of the device. They are provided for user convenience
and product identification.

Test Register: TEST[7:0], default = 0x00

This register can be used for verification of the I°C-compatible bus integrity. Its contents are ignored by the
device.

Company ID Register: ID[7:0], default = 0x01
Product identification register, factory set.
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Device Version Register: VER[7:0], default = 0x10
Product identification register, factory set.

STATUS REGISTERS

General Status Register: SGEN][7:0], default = 0x40

Name unc

£ RHSX B e

53 VA EI an %in is set

% fy - n EH%L IS set

0 GPI 1-1HanY Bit In SGPiSsa

GPIO Status Register: SGPI[7:0], default = Ox**

Nan i Function
B qicates |ogic [evel at pin GPIO
GP dicates Jogic ével ar pin GO
Gp dICAres [34Ic [EVe| At Pin Pl
cp dicates logic level &t pin GPIO

High-Limit Status Register: SHIL[7:0], default = 0x00
?é Name Function

; T
: ; I

Low-Limit Status Register: SLOL[7:0], default = 0x00

IIIIj:E

Bx Name RI_EQ.I;:A % . Function
; 3 F s
. 1 ,’&* SHE
0 T 1o ABES 2 HAT
CONTROL REGISTERS
General Configuration Register: CGEN[7:0], default = 0x00
l);?éq.e ction
%}; T(_)D &E&E&\I;EE all registers and self to POR vaP
2,
1 fisghle LGampatible IIMEQUT, See G -Gampaiblp Bus RESRL in REGISTER MAP.
1 LCK Once lacked their contents will not be affected by the subsequent [2C-compatible bus
0 STRT ot {ﬁgggrr]\tmuous conversmq o[)all .enabled ADC channels. The CGEN.LCK bit must be
8 - cfi)sa con\{lnuouq %‘98 conversmﬁ mode

DAC Configuration Register: CDACJ[7:0], default 0x03

i Name Fusiop
2 GANG on g)ls the as?]oma(t)luog 8f B annels BUTx with asynchronous control inputs
OLVL wn orce assoma

GPIO Output Control Reglster CGPOJ[7:0], default = OxFF

Function
BZ( rrﬁ - (niernaj o 58W253:837§82
g T - |nternaf puligown af pin GP S Off
B e down at pin GP S 0Of]
: SHia) Prldatin of B HBIE < of
b g gown nGp S Off
0 GPOU a own n GPIOU 1S ofi

INT1, INT2 High-Limit Control Register: CINH[7:0], default = 0x00
Bg< Name Function

- BEEVD
| |
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INT1, INT2 Low-Limit Control Register: CINL[7:0], default = 0x00

Name ERVED Function
: RESERVEB -
£ - EnsIS Fou it interrupt for o6 19
g :_3 + :533_0Wk: nierrup 0,.(:?
E- Enapie L.ow imif interrupt jor €
=8 Enaple L ow limif inferrupt for (.n
E Enablé Cow nte or Ch
ADC Conversion Enable Register 1: CAD1[7:0], default = 0x00
Name — ~ ~ Function
E 1 - Enable ARC inpuf Ch
E T - Enaple ARC inpuf ¢
g 52 . ”;eﬁ<§ np H:g
2 1 ENapie ARC bl ch
; -\ 1 Efahls ABE I R
ADC Conversion Enable Register 2: CAD2[7:0], default = 0x00

Bx ne - _ Function

E -E e AD npuf Ch 1
g =Nt E Sﬁ:g ARt :*::%
N - NGRS ARE Ut En T
— o1 - :A-< :,] H: k.
b NG - ER3RIS ABE InRut ch 8°
ADC Conversion Enable Register 3: CAD3[7:0], default = 0x00
?)i Na_me RESERVED Function

ADC One-Shot Conversion Trigger Register : CTRIG[7:0], default = 0x00
) Name Function
?)i SN-GL W%EERXED alue, when CGEN.STRT=0, will trigger Single-Shot conversion. The CGEN.LCK bit

Reference Mode Register: CREF[7:0], default = 0x07

?é Na_me IP
2 AEXT g EEJ errnnaeflr ?
1 DEXT f en e

0 mus? be qa

Function

DATA REGISTERS

All registers in this section require 16-bit 1°C-compatible data transaction for both read and write operations.
However, only lower 12 bits are stored. All data is assumed to be in the unsigned binary format, where the
lowest value is represented by 0x000 and the highest value is represented by OxFFF.

ADC Output Data Register: ADCx[15:0], default 0x0000

The ADCx registers, x = 1...16, contain results of the most recent ADC conversion cycle. Accessing these
registers does not preempt the Analog Sense Subsystem sequencing. Enabling/Disabling of the ADC input
channels via CADx registers does not affect the ADCx content.

Bx Name Function

ADC High-Limit Register: LIHx[15:0], default OXOFFF

The LILx registers, x=1...3 and 9...11, contain the HIGH LIMIT threshold of the window comparator function of
the Analog Sense Subsystem.

%?& Na:me @W%XS 0. Data W[ltten to tnlS l?catlon will be dlsca?t %H

ADC Low-Limit Register: LILx[15:0], default 0x0000

The LILx registers, x=1...3 and 9...11, contain the LOW LIMIT threshold of the window comparator function of the
Analog Sense Subsystem.

Name tio
]I‘%)J(& - w s 0. Data W{lttqn to t catlon will be d| Baed!
- Riow comparator lower
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DAC Data Register: DACXx[15:0], default 0x0000

The DACX registers, x=1...12, are input code registers. Updating the DACXx register automatically updates the
VOUTXx of the corresponding DAC. Note that OUTx may not update due to the state of the asynchronous control
inputs C[1:4]. (See Asynchronous Output Control.)
Name . . . . . Function
- input data

Write all DAC's Data Register: DALL[15:0], default 0x0000

Writing to this register updates all DACx registers simultaneously to this value. Note that OUTx may not update
due to the state of the asynchronous control inputs C[1:4].

Bx Name Function
2 - 6W8¥ﬁouut%att% written to this location will be discarded.
BLOCK COMMANDS
Block access functionality is discussed in Block Access.
e Block Start Address Block Address!Block Lengsh in Bytes . Comment N
BL 0X; X8R ingle command access o reqisters RAG[L:
Bl 0)i¢ X lna €& command access o reals ers Ré*‘ Z:
X X INGIE EommAnd access to registers ADCII 17
B Zgé :xé x§ %g Slna'll %o[n mand access to a[ﬁ Lﬁ%f qﬂa ﬁll'lz“{e' isters
B X X4B ingle command access to all L'l X registeé

Application Information

ANALOG SENSE SUBSYSTEM

The device is capable of monitoring up to 16 externally applied voltages and an internal analog temperature
sensor. The system is centered around 12-bit SAR ADC fronted by a 17-input mux. Results of conversion are
stored in the registers corresponding to the given input channel. The register content can be read by the
supervisor via the 1°C-compatible interface.

The ADC timing signals are derived from the on-board temperature compensated oscillator, which assures the
stable sampling interval.

In the applications where an instantaneous detection of the out-of-bounds condition is required the built in digital
window comparator function is provided on 6 of the input channels. This window comparator is capable of
triggering the external interrupts.

Sampling and Conversion

The external voltage is sampled onto the internal C,o, p capacitor. The TRACK period is controlled by the internal
oscillator, and its duration is trgack. The output impedance of the sensed voltage source and the analog input
capacitance C,ya (which is dominated by Cyo p during TRACK time) limit the bandwidth of the input signal. It is
recommended to limit the output resistance ROUT of the sampled voltage source to 10 kQ to assure 12-bit
accuracy of conversion.

Sampling
Switch

INX — voor2

CHoLD

ROUT < 10k

Voltage
Source

m Device Pin
Figure 2. ADC During TRACK Period
During the HOLD period, duration of to, p, all mux switches are in the off state, and charge captured on the hold

capacitor is measured to produce an ADC output code. The resulting output code is stored in the internal register
(ADCXx) corresponding to the sampled analog input channel.
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Typical ADC output code as a function of input voltage at device pin INx, x=1...16:

_ 4096
CODEXx = INT (VREF X INx)

1)
In the expression above VREF is the reference voltage input to the internal ADC. VREF can be either externally
applied at the AREF pin of the device, or be internally generated.

Sampling Transient

An instantaneous current will flow at the beginning of TRACK period which may lead to temporary disturbance of
the input potential. This current, and resulting disturbance, will vary with the magnitude of the sampled signal and
source impedance ROUT.

Channel Selection

The analog input channels are enabled by setting corresponding enable bits ENx in the control registers CAD1,
CAD2, and CAD3. Enabling of the channels does not begin the conversion process.

Single-Shot and Continuous Sequencing

The ADC is in the idle state until either the Single-Shot or Continuous conversion is initiated. The channels
whose corresponding ENXx bit in the CAD(1]2|3) registers is set will be sampled and converted by the ADC.

Single-Shot conversion begins when the user performs a write operation ( 0 or 1 ) to CTRIG.SNGL while
CGEN.STRT=0. Once the sequence is completed the ADC returns to the idle state.

Continuous conversion begins when the user sets the CGEN.STRT bit. The sequencing of events is the same as
in the Single Mode. Upon completing the sequence of conversions another sequence is automatically started.
This process will continue until the user clears the CGEN.STRT bit.

The operation of the Analog Sense Subsystem is further illustrated in Figure 3.
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Reference

. ADC
”\ IDLE

Write CTRIG while CGEN.STRT=0 Write CGEN.STRT=1

CGEN.LCK==1

set SGEN.BUSY=1
x=0

v

X=x+1

Y

set analog input
MUX to channel x

v

acquire signal
tTRACK period

v

convert input signal
tHoLD period

v

update ADCx
register

set SGEN.BUSY=0

Figure 3. ADC Finite State Machine Diagram

By default the ADC operates from the external reference voltage applied at AREF pin of the device. Due to the
architecture of the ADC the DC current flowing into the AREF input is zero during conversion. However, the
transient currents during the conversion can be significant.

The user can enable the internal reference generator and apply its output to the ADC VREF. This operation is
described in CONTROL REGISTERS.
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Window Comparator Function

The digital window comparator function is available for ADC input channels 1-3 and 9-11. This feature does not
require explicit enabling, as it is always on. Comparator functional diagram is shown in Figure 4 below.

The ADC conversion result stored in ADCx register can be compared against user programmable upper and
lower limits: LIHx and LILx. The comparison result is reported as a single bit value in SHIL and SLOL registers.

LIHx —-

Hx SHIL

Lx SLOL

ADCX —m-a

LiLx —-c

Register bit

Figure 4. ADC Window Comparator Function

Interrupt Subsystem

Device outputs INT1 and INT2 report out of bounds conditions as determined by the digital window comparator.
INT1 and INT2 are open collector outputs and are active LO. INT1 reports out of bound conditions at ADC
channels 1-3, and INT2 reports out of bound conditions at ADC channels 9-11. Functional diagram of the
interrupt system is shown in Figure 5.

Additionally, presence of any out of bound condition is reported in the SGEN register, which can be tested via the
I>C-compatible interface.
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x=1..3
| SHIL | Hx |—\_ T
[ CINH | EHx =
| N [Eyf—
[ soL | uy |
y=1.3
x=9..11
| SHIL | Hx |—\_ NT2
[ CINH | EHx = |
| one [Ey
[ scol | uy |
y=9..11

Register bit m Device Pin

Figure 5. Interrupt System

PROGRAMMABLE ANALOG OUTPUT SUBSYSTEM

This subsystem consists of 12 identical DACs whose output is a function of user programmable registers DACX.
This functionality is described in DAC Core.

There are instances where it is necessary to instantaneously “turn off” the devices downstream of OUTx output,
without incurring the delay due to the I>C-compatible data/command transfer. This functionality is described in
Asynchronous Output Control.

DAC Core

The DAC core is based on a Resistive String architecture which guarantees monotonicity of its transfer function.
The input data is single-registered, meaning that the VOUTx of the DAC is updated as soon as the data is
updated in the DACx data register at the end of the I>C-compatible transaction.

The functional diagram of the DAC Core is shown in Figure 6.
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VREF
E VDD

DACx +> DECODER
12

> (R) = 120k

PD

Figure 6. DAC Core

Typical DAC core output VOUTX as a function of the DACx input , x=1...12, can be expressed as:

DACx
4096

VOUTX = VREF x
(2
Reference

By default the DACs operate from the external reference voltage applied at the DREF pin of the device. Given
the architecture of the DAC the DC current flowing into the DREF device input pin is dependent on the number of
DACs active at the given instant.

The user can enable the internal reference generator and apply its output to all DACs’ VREF inputs. This
operation is described in ADC/DAC VOLTAGE REFERENCE.

Asynchronous Output Control

When DACs are enabled, CDAC.OFF=0, the Cy device inputs allow the user to instantaneously disengage the
VOUTXx of corresponding DAC Core and force the OUTx to either rail — the rail is indicated by the CDAC.OLVL
bit. Asserting either CDAC.OFF or Cy (Active LOW) will result in the corresponding DAC Core powering down.

The functional diagram of the DAC Core to OUTx signal routing is shown in Figure 7.

% =

DAC Core x >

PD

[

[Hc\? ()o}:

pin:Cy: Register bit

CDAC:OFF —————
[ | Register

[ CDAC | OLVL] OFF | D pevicepin

Figure 7. Asynchronous Output Control
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Note that CDAC.OFF affects all OUTx, whereas Cy affects only channels assigned to it. The correspondence
between Cy control inputs and OUTx outputs is governed by the CDAC.GANG bit and is outlined in Table 1.

Table 1. Cy to OUTx Assighment

Device Pin Cy CDAC:GANG =0 CDAC:GANG =1
c1 OUT[L:4] OUT[1:3]
c2 OUT[5:6] OUT[4:6]
c3 OUT[7:8] OUT[7:9]
ca OUT[9:12] OUT[10:12]

TEMPERATURE SENSOR

The output voltage of the analog temperature sensor can be sampled via ADC channel 17 input. The result of
conversion is stored in the ADC17 register.

Typical ADC output code as a function of temperature:

_ 4096
CODE = INT (VREF

x [2212.5 - 13.45(T - 30) - 0.005(T - 30)*] x 10'3)
©)

In the expression above VREF is the reference input voltage to the internal ADC.

For best temperature measurement accuracy the exposed DAP of the device should be soldered to the PCB's

grounded pad, and the power dissipation of the device should be limited.

ADC/DAC VOLTAGE REFERENCE

The on-board ADC and DACs require reference voltages for their operation. By default the device is configured
to accept external references applied to AREF and DREF pins respectively. In this configuration AREF and
DREF can be at different potentials.

The external reference voltage sources should be bypassed to ground with capacitance appropriate for those
particular sources. See example application schematic in Application Circuit Example.

The device also has a built in precision reference block which can be used to provide VREF potential to either
ADC or DACs, or both at once. The internal buffers are designed to provide necessary drive to ADC and DAC
blocks. The internal reference buffers are not intended to drive external loads.

When internal reference is enabled the capacitance at AREF or DREF pins should be limited to 50 pF.
The functional diagram of the reference selector is shown in Figure 8.

NOTE: Internal reference drive must be disabled when corresponding external reference is applied; e.g., set
CREF.AEXT=1 when applying external AREF.
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AREF DREF

To ADC
» VREF
input

Reference
Block

To DACx
p———P VREF

inputs

PD

Register bit

_C m Device Pin

| CREF | AEXT |DEXT|

Figure 8. Reference Select Function

GENERAL PURPOSE I/O

The GPIO[7:0] port is memory mapped to registers SGPI and CGPO. Both registers are accessible through the
I>C-compatible interface.

The SGPI register content reflects at all times the digital state at the GPIOx device pins.

The CGPO register controls the individual pulldown devices at GPIOx. Together with the external pull-up resistor
this realizes an “open-drain” digital output. For example, writing HIGH to CGPO:GPOO0 will result in HIGH output
state at pin GPIOO0.

The functional diagram of the GPIO subcircuit is shown in Figure 9.

< B criox
| sGPl | GPix | |
N
Register bit o“_‘
[ regier
m Device Pin

| cGPO  |GPOx| |

Figure 9. GPIO Functionality

SERIAL INTERFACE

The serial interface provides user access to internal CONTROL and DATA registers that govern the operation of
the device. Interface functionality is compatible with I°C “Standard” and “Fast” modes.

The device operates as the slave only.
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I2C-Compatible Protocol

Two wires, SCL and SDA, are used to carry data between master (the digital supervisor), and a slave
(LMP92001). Master generates a START condition which commences all data transfers. And only the master
generates the SCL signal for all transactions. However, both master and the slave can in turn be a transmitter
and receiver of data.

Typical bus transaction is shown in Figure 10 below. All transactions follow the format outlined as follows:

e Master begins all transactions by generating START condition

» All transfers comprise 8-bit bytes

» First byte must contain 7-bit Slave Interface Address

* First byte is followed by a READ/WRITE bit

» All subsequent bytes contain 8-bit data

» Device, depending on the register being accessed, supports 1-byte and 2-byte transfers. Block Access
commands result in multi-byte transfers

» In case of a 2-byte transfers, the byte order is always “MSB first”
» Bit order within byte is always “MSB” first”

« ACKNOWLEDGE condition follows every byte transfer — this can be generated by either Master or a Slave
depending on the direction of data transfer

oA N AKEEXE ) GOKEXEDXERXED> ) eOXIN Lo/
i 1 2 S 6 7 8 i 9 i 1 S_I?L_ITl—I_

|
P
s ] —
1 1 1
1 1 1
i i i i i
iStarti id—slave Address Byte—»i E<—Data Byte—» Stopi
- § G T\er
3 77777 i by slave
f— g ss 81 19
| ! by master or by slave
bt Repeated
Start

Figure 10. General I2C-Compatible Protocol

Table 2 lists all conditions defined by the I2C-compatible specification and supported by this device. All following
bus descriptions will refer to the Symbols listed in the table.

Table 2. 12C-Compatible Symbol Set

Condition Symbol Source Description
START S Master Begins all bus transactions
STOP P Master Terminates all transactions, and resets bus
ACK . .
(Acknowledge) A Master/Slave Handshaking bit (LOW)
NAK —~ ) .
A Master/Slave Handshaking bit (HIGH)

(No Acknowledge)

Active HIGH bit that follows immediately after the slave
READ R Master address sequence. Indicates that the master is initiating
the slave to master data transfer

Active LOW bit that follows immediately after the slave
Master address sequence. Indicates that the master is initiating
the master to slave data transfer

gl

WRITE

Generated by master, same function as the Start
REPEATED START Sr Master condition (highlights the fact that Stop condition is not
strictly necessary)
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Data transfers of 16-bit values are shown in Figure 11 and Figure 12 below:

|s] a0 |W|A| arfzop [a]sr] aAe0o] [R]A] pio) |A] pr7op AP

Internal

Interface Register Interface
Address Address Address
-t - - - - - 4——  Data———
by master

D by slave

Figure 11. 1°’C-Compatible READ Access Protocol

[s] awa [W[a] afro [a] bop [A] bizop [A]P

Internal

Interface Register
Address Address
- > - > 4———Data————— |
f-__-} by slave

Figure 12. 1°’C-Compatible WRITE Access Protocol

Device Address

Interface Address of the device can be set via 2 pins: ASO and AS1. Each address setting pin recognizes 3
levels: LOW=GND, HIGH=VDD and MID=VDD/2. All possible Interface Addresses are listed in Table 3 below:

Table 3. Interface Address Space

Device Pins Device Interface Address :
Equivalent HEX Address

AS1 ASO [A6:AQ]R/W a

LoW Low [0100 000]0 40
LoW MID [0100 001]0 42
LOW HIGH [0100 010]0 44
MID LOW [0100 011]0 46
MID MID [0100 100]0 48
MID HIGH [0100 101]0 4A
HIGH LOW [0100 110]0 4C
HIGH MID [0100 111]0 4E
HIGH HIGH [0101 000]0 50

The Interface Address alignment within the 1C-compatible address byte is shown in Figure 13 below:

| s|ars]as]asfas]az]ar]ao|rw| A |

by master

D by slave

Figure 13. Interface Address Sequence within the 1°C-Compatible Frame

Block Access

Block Access functionality minimizes overhead in bus transfers involving larger data sets (more than 2 bytes).
Internal register addresses OxFO through OxF5 are interpreted by the interface as block commands. Accessing
any of these addresses initiates a multi-byte transfer which can be as long as 34 data bytes. The byte length of
the transfer is dictated by the block command itself. Examples of access to internal register at address OxFO is
shown in Figure 14 and Figure 15.
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BLKO command is issued meaning that all DACx registers accessed are accessed sequentially.
The transfer will consist of 24 bytes — 2 bytes per DACX register.

The data WRITE transfers that terminate prematurely will result in update of registers whose 16-bit words were
received completely. For example, if BLKO WRITE access is attempted, and the transfer is terminated after 3

bytes, only DACL1 register will be updated.

[ST asor [W[A] Biko [A[st] Aol [R[A] oo JA}-———--- -| D[7:0] EE

Interface Block Interface
Address Command Address
-t » -t » -t » ¢——24 bytes of Data——————»»
by master
D by slave

Figure 14. Block Command READ Access

[s] awo] [w[a] Bko [A] b [A}-—-- { oo [A]P]

Interface Block
_Address ‘Command|

r————24 bytes of Data——————®

by master

______

Figure 15. Block Command WRITE Access

I’C-Compatible Bus Reset

In cases where Master and Slave interfaces fall out of synchronization there are 2 processes which can reset the

Slave and return it to a known state:

 TIMEOUT: The device will automatically reset its interface and wait for a new START condition (by the
Master) if SCL is driven LOW for duration longer than toyr (See Electrical Characteristics Table), or SDA is
driven LOW by this device for duration longer than toyr. The TIMEOUT feature can be disabled by the user,

see CGEN register functionality.
 When SDA is in HIGH state, the Master can issue START condition at any time. The START condition resets
the Slave interface, and Slave expects to see Interface Address byte next.
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Application Circuit Example

v
499 NOTE: In this
application CREF
VDD is at default value
AREF
LM4050-4.1
10k DREF
Resulting 48v
Device
Interface AS1
Address: ASO 222k
0x46
10k
IN1 j-
33v 1n 10k
. 5V
p—-hit Output from pCe— C[4:1]
3.33k
IN2 Details of
LM8640 Current
in Sense
I Omitted
3.3V
LMP92001
12v
uC
10k ouTL LM8262 14 analog
Input
N - e
SDA
_ INT2 [
INT1 4.99k
5V
+ 10k
GPIO3 ¢ T"Irﬁ)'ﬂ'lta'
GPIO7 From Digital
Output
GND
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Qty Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing @ @) @
LMP92001SQE/NOPB ACTIVE WQFN NJY 54 250 Green (RoHS CU SN Level-3-260C-168 HR  -45t0 125 LMP92001SQ m
& no Sh/Br)
LMP92001SQX/NOPB ACTIVE WQFN NJY 54 2000 Green (RoHS CU SN Level-3-260C-168 HR  -45t0 125 LMP92001SQ m
& no Sh/Br)

® The marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability

information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.
Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Only one of markings shown within the brackets will appear on the physical device.

Important Information and Disclaimer:The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO
i |
& go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O QfSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LMP92001SQE/NOPB WQFN NJY 54 250 178.0 16.4 5.8 10.3 1.0 12.0 | 16.0 Q1
LMP92001SQX/NOPB | WQFN NJY 54 2000 330.0 16.4 5.8 10.3 1.0 12.0 | 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 26-Jan-2013
TAPE AND REEL BOX DIMENSIONS
At
4
-
// S
/\g\ /)i\
. 7
\\ /
. P -
e e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMP92001SQE/NOPB WQFN NJY 54 250 203.0 190.0 41.0
LMP92001SQX/NOPB WQFN NJY 54 2000 358.0 343.0 63.0
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

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
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

Tl E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers
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