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16-Bit, 250kSPS, 4-Channel, Parallel Output
ANALOG-TO-DIGITAL CONVERTER

FEATURES DESCRIPTION

® .

° True Blpolar Input - The ADS8342 is a 4-channel, 16-bit analog-to-digital
Input Signal Range: —_2'5\/ converter (ADC). It contains a 16-bit succesive

® 4-Channel Input Multiplexer approximation register (SAR), a capacitor-based ADC with

® Up to 250kSPS Sampling Rate an inherent sample-and-hold circuit, an interface for

® Selectable 8-Bit or 16-Bit Parallel Interface microprocessor use, and parallel 3-state output drivers. The

® 16-Bit Ensured No Missing Codes ADS8342 is specified at a 250kHz sampling rate while

® Offset: 1mV max dissipating only 200mW of power using a £5V power supply.

® Low Power: 200mW The ADS8342 is available in a TQFP-48 package and is

® TQFP-48 Package ensured over the —40°C to +85°C temperature range.

® Operating Temperature Range: —40°C to +85°C

APPLICATIONS

® Data Acquisition

® Test and Measurement

® |ndustrial Process Control
® Medical Instruments

® | aboratory Equipment
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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.
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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated
£ & circuits be handled with appropriate precautions. Failure to observe proper handling and installation

procedures can cause damage.

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits
may be more susceptible to damage because very small parametric changes could cause the device not to meet

its published specifications.

ORDERING INFORMATION

MAXIMUM o
INTEGRAL | \issING | PACKAGE- | PACKAGE SPECIFIED ORDERING TRANSPORT
PRODUCT | LINEARITY | '2>TC Cenn | DESGNATOR() | TEMPERATURE NUMBER MEDIA,
ERROR . RANGE QUANTITY
(LSB) (Bits)
ADS8342IPFBT | 12P° 32% Reel,
ADS8342 +6 15 TQFP-48 _40°C to +85°C E—=—
ADS8342IPFBR 000
ADS8342IBPEBT | 2P° 32% Reel,
ADS8342 +4 16 TQFP-48 _40°C to +85°C —
ADS8342IBPFBR | 0o oS

(1) For the most current specification and package information, refer to our web site at www.ti.com.

ABSOLUTE MAXIMUM RATINGS

over operating free-air temperature range unless otherwise noted(1)

ADS8342I UNIT
Supply voltage, +AVpp to AGND and +DVpp to DGND -0.3t0 6 \%
Supply voltage, —AVpp to AGND and —DVpp to DGND —-61t00.3 \%
Supply voltage, BVpp to BGND -0.3t0 6 \%
Analog input voltage to AGND —AVpp - 0.3to +AVpp + 0.3 \%
Reference voltage, REF|\ to AGND -0.3to +AVpp + 0.3 \%
Common voltage to AGND -0.3t0 +0.3 \%
Digital input voltage to BGND BGND - 0.3to BVpp + 0.3 \%
Ground voltage differences, AGND to REFGND or BGND or DGND -0.3t00.3 \%
Voltage differences, BVDD or +DVDD to AGND -0.3t0 6 \%
Voltage differences, +DVpp to +AVpp and -DVpp to —AVpp -0.3t00.3 \%
Voltage differences, BVpp to DVpp —(+DVpp) t0 0.3 \%
Input current to any pin except supply —20to0 20 mA
Power dissipation see Package Dissipation Ratings table
Operating virtual junction temperature range, Tj —40 to +150 °C
Operating free-air temperature range, Ta —40 to +85 °C
Storage temperature range, TSTG —65 to +150 °C
Lead temperature 1.6mm (1/16 inch) from case for 10 seconds +300 °C

(1) stresses above these ratings may cause permanent damage. Exposure to absolute maximum conditions for extended periods may degrade
device reliability. These are stress ratings only, and functional operation of the device at these or any other conditions beyond those specified is

not implied.
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PACKAGE DISSIPATION RATINGS

R R DERATING FACTOR Tp < +25°C Tp < +70°C Tp = +85°C
BOARD  PACKAGE (DSJWC) (°8JVC) ABOVE Tp <+25°C  POWER RATING POWER RATING POWER RATING
(mW/°C) (mW) (mWw) (mW)
Low K PFB 19.6 97.5 10.256 1282 820 666
High K PFB 19.6 63.7 15.698 1962 1255 1020

(1) The JEDEC Low K(1s) board design used to derive this data was a 3 inch x 3 inch, 2-layer board with 2-ounce copper traces on top of the board.
(2) The JEDEC High K(2s2p) board design used to derive this data was a 3 inch x 3 inch, multilayer board with 1-ounce internal power and ground

planes and 2-ounce copper traces on the top and bottom of the board.

RECOMMENDED OPERATING CONDITIONS

MIN NOM MAX | UNIT
Supply voltage, +AVpp to AGND 4.75 5 5.25 \Y
Supply voltage, —AVpp to AGND -5.25 -5 -4.75 \%
Low-voltage levels 2.7 3.6 \%
Supply voltage, BVpp to BGND 5V logic levels a5 +DVDD v
Supply voltage, +DVpp to DGND 4.75 5 5.25 \Y
Supply voltage, -DVpp to DGND -5.25 -5 -4.75 \%
Reference input voltage 2.0 25 2.55 \%
Analog input voltage -REF|N +REF|N \%
Common voltage -0.3 0 +0.3 \%
Ground differences, AGND to REFGND or BGND or DGND -0.01 0 0.01 \%
Voltage differences, +DVpp to +AVpp and -DVpp to —AVpp -0.01 0 0.01 \%
EQUIVALENT INPUT CIRCUIT
+AVpp Diode Turn-on Voltage: 0.35V
Ron CisavpLe)
500Q 20pF Din
A >~
AV, BGND —
Equivalent Analog Input Circuit Equivalent Digital Input Circuit
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ELECTRICAL CHARACTERISTICS

Over recommended operating free-air temperature range at —40°C to +85°C, +AVpp =*DVpp =#5V, BVpp =45V, VREE = +2.5V, fc Lk = 5MHz, and
fSAMPLE = 250kSPS, unless otherwise noted.

ADS8342I ADS83421B

PARAMETER TEST CONDITIONS MIN v MAX MIN_ TP MAX UNIT
Analog Input
Full-scale range (FSR) AIN to Common -VREF +VREF * * \%
Input MUX on-resistance Common = AGND 500 * Q
Input capacitance Common = AGND 20 * pF
Input leakage current Common = AGND +0.3 * A
Full power bandwidth FS sinewave, —3dB 16 * MHz
Voltage Accuracy
Resolution 16 * Bits
(NNOM"g?S'ng code 15 16 Bits
Integral linearity error (INL) -6 +3 +6 -4 +2 +4 LSB
Differential nonlinearity (DNL) -2 +1 +2 -1 +0.6 +1.5 LSB
Bipolar zero (offset) error (Vps) AIN = Common =0V -2 +2 -1 +1 mV
Bipolar zero (offset) error drift (TCVps) | AIN = Common = 0V 1 * ppm/°C
Bipolar zero (offset) error match AIN = Common =0V 0.150 1 * * mV
Positive gain error (PGERR) AIN = VRgg Common = 0V -0.25 +0.25 * * % FSR
Positive gain error drift (TCPGERR) AIN = VRgg Common = 0V 15 * ppm/°C
Positive gain error match AIN = VRgg Common = 0V 0.003 0.01 * * % FSR
Negative gain error (NGERR) AIN = -VRgg, Common = 0V -0.25 +0.25 * * % FSR
Negative gain error drift (TCNGERR) AIN = -VRgg, Common = 0V 15 * ppm/°C
Negative gain error match AIN = -VRgg, Common = 0V 0.003 0.01 * * % FSR
Sampling Dynamics
Conversion time (tcoNV) 500kHz < fcLKk < 5MHz 3.4 34 * * us
Acquisition time (tacQ) fcLk = 5SMHz 0.6 * * us
Throughput rate 250 * kHz
Multiplexer settling time 150 * ns
Aperture delay 8 * ns
Aperture jitter 50 * ps
AC Accuracy
Total haromonic distortion (THD) V|N = £2.5Vp—p at 10kHz -89 * dB
Spurious-free dynamic range (SFDR) V|N = £2.5Vp—p at 10kHz 92 * dB
Signal-to-noise ratio (SNR) V|N = £2.5Vp—p at 10kHz 86 * dB
Signal-to-noise + distortion (SINAD) V|N = £2.5Vp—p at 10kHz 84.6 * dB
Channel-to-channel isolation(2) V|N = #£2.5Vp—p at 50kHz 95 K dB
Effective number of bits (ENOB) 14 * Bits

* Indicates the same specifications as the ADS8342I.

() Al typical values are at Tp = +25°C.
(2) Ensured by design.

(3) Applies for 5.0V nominal supply: BVpp (min) = 4.5V and BVpp (max) = 5.5V.
(4) Applies for 3.0V nominal supply: BVpp (min) = 2.7V and BVpp (Mmax) = 3.6V.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended operating free-air temperature range at —40°C to +85°C, tAVpp =*DVpp =#5V, BVpp =45V, VREE = +2.5V, fc Lk = 5MHz, and
fSAMPLE = 250kSPS, unless otherwise noted.

ADS8342I ADS8342I1B

PARAMETER TEST CONDITIONS MIN ) MAX MIN TYPD  MAX UNIT
Voltage Reference Input
Reference voltage 2.0 25 2.55 * * * \%
Reference input resistance 100 * MQ
Reference input capacitance 5 * pF
Reference input current 25 * nA
5V Digital Inputs(3)
Logic family CMOS
High-level input voltage (V|H) 0.7xBVpp BVpp +0.3 \%
Low-level input voltage (V) -0.3 0.3xBVpp \%
Input leakage current (1) V| =BVpp or GND +50 nA
Input capacitance (Cy) 5 pF
5V Digital Outputs(3)
Logic family CMOS
High-level output voltage (VoH) loH = -100pA 4.4 \%
Low-level output voltage (VoL) loL = +100pA 0.5 \%
High-impeadance-state output current cs= BVpp. Vo =BVpp or
(lo2) GND +50 nA
Output capacitance (Co) 5 pF
Load capacitance (C|) 20 pF
Data format Binary Two's Complement
3V Digital Inputs(4)
Logic family LVCMOS
High-level input voltage (V|H) BVpp = 3.6V 2 BVpp +0.3 v
Low-level input voltage (V) BVpp = 2.7V -0.3 0.8 \%
Input leakage current (Ijy) V| =BVpp or GND +50 nA
Input capacitance (Cy) 5 pF
3V Digital Outputs(4)
Logic family LVCMOS
High-level output voltage (VoH) BVpp = 2.7V, loH = -100pA | BVpp-0.3 \%
Low-level output voltage (VoL) BVpp = 2.7V, loL = +100pA 0.2 \%
High-impeadance-state output current cs= BVpp. Vo =BVpp or
(lo2) GND +50 nA
Output capacitance (Cp) 5 pF
Load capacitance (C|) 20 pF
Data format Binary Two's Complement

* Indicates the same specifications as the ADS8342I.

() Al typical values are at Tp = +25°C.
(2) Ensured by design.

(3) Applies for 5.0V nominal supply: BVpp (min) = 4.5V and BVpp (max) = 5.5V.
(4) Applies for 3.0V nominal supply: BVpp (min) = 2.7V and BVpp (Mmax) = 3.6V.
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ELECTRICAL CHARACTERISTICS (continued)

Over recommended operating free-air temperature range at —40°C to +85°C, +AVpp =*DVpp =#5V, BVpp =45V, VREE = +2.5V, fc Lk = 5MHz, and
fSAMPLE = 250kSPS, unless otherwise noted.

ADS8342I ADS83421B

PARAMETER TEST CONDITIONS MIN ) VIAX MIN_ TYPD  MAX UNIT
Power-Supply Requirements
Negative analog power supply (-AVpD) -5.25 -4.75 * * \Y
Positive analog power supply (+AVpp) 4.75 5.25 * * \%
Negative digital power supply (-DVpp) -5.25 -4.75 * * \Y
Positive digital power supply (+DVpp) 4.75 5.25 * * \

Low-voltage levels 2.7 3.6 * * \Y

VG buffer power supply (BVDD) 5V logic levels 4.5 +DVppD * * \
Elljar?::;/((e_ir:glg? operating supply 115 13.8 * * mA
ZoAslltDlvDe) analog operating supply current 14 168 " " mA
Elljar?::;/((e_(;?;e;)operatmg supply 8.3 9.9 * * mA
Zo;lllt;vDe)dlgltal operating supply current 71 8.5 " * mA
/O buffer operating supply current BVpp =3V 0.65 0.81 ok * mA
(BlpbD) BVpp =5V 1 1.25 % * mA
Power Dissipation BVpp =3V 208 250 * * mw

* Indicates the same specifications as the ADS8342I.

(1) Al typical values are at Tp = +25°C.

(2) Ensured by design.

(3) Applies for 5.0V nominal supply: BVpp (min) = 4.5V and BVpp (max) = 5.5V.
(4) Applies for 3.0V nominal supply: BVpp (min) = 2.7V and BVpp (max) = 3.6V.
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APPLICATION BLOCK DIAGRAM

+5V
@]
4.7uF 10Q 4.7uF
| |
| VWA |
+5V 0.1pF 0.1pF 33y
4.7yF
25kQ2 - — | tl
I
TkQ 0.1yF
_T_ _T_ REFIN +AVpp +DVpp Bv Iu I
DD
REF1004-2.5 IzzouF IO.'HLF V4

p— (E |l
—,_— REFGND A0
Al

BUSY —

CONV |¢———

ADS8342

RD j@———

CLK
16

D[0:15] |——F—

75Q CLKDIVO
W AINx CLKDIV1

BYTE

COMMON
~AVpp -DVyp BGND

Figure 1. ADS8342 Typical Connection Diagram
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TQFP PACKAGE
(TOP VIEW)
é (% 2 8 a [=]
[48][47 ][ 46 ][5 [ 44 ][ 43 ][ 42][ 41][40][ ][ se][=7]
NC I E AGND
ne[2] 5] no
CLKDIVO T : NC
CLKDIV1 Z E DB15
A0 ? ; DB14
Al T ; DB13
— ADS8342 —
BYTE L ﬂ DB12
conv| s | 29 | DBI1
RD E E DB10
cs 10 27 | pBo
CLK E E DB8
+DVyy E E BGND
|13 || 14|| 15 || 16” 17 || 1a|| 19 || 2o||21 || 22 ||£”ﬁ|
2 8% 2 5 8 8 3 8 8 B
8 EI 2 O 0o oo aoaoaag
PIN ASSIGNMENTS—NUMERICAL LISTING
PIN NO. PIN NAME PIN NO. PIN NAME
1 Nc(2) 25 BGND
2 NC(2) 26 DB8
3 CLKDIVO 27 DB9
4 CLKDIV1 28 DB10
5 A0 29 DB11
6 Al 30 DB12
7 BYTE 31 DB13
8 CONV 32 DB14
9 RD 33 DB15 (MSB)
10 cs 34 Nc()
11 CLK 35 NC(2)
12 +DVpp 36 AGND
13 DGND 37 —AVDD
14 -DVpp 38 AGND
15 BUSY 39 +AVDD
16 DBO (LSB) 40 Nc(2)
17 DB1 41 REFIN
18 DB2 42 REFGND
19 DB3 43 NC(2)
20 DB4 44 COMMON
21 DB5 45 AINO
22 DB6 46 AIN1
23 DB7 47 AIN2
24 BVpPD 48 AIN3

(1) NC = no connection. These pins should be left unconnected.

8
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Terminal Functions

TERMINAL TYPE(D)

NAME NO. DESCRIPTION

Analog Input Signals

AINO 45 Al Analog input 0

AIN1 46 Al Analog input 1

AIN2 a7 Al Analog input 2

AIN3 48 Al Analog input 3

COMMON 44 Al Analog input common signal

REFIN 41 Al Reference voltage input pin for external reference voltage. Decouple to reference ground with a 0.1puF
ceramic capacitor.

REFGND 42 Al Reference ground. Connected to the ground of the external reference voltage.

Digital Interface Signals

A(X) 56 DI Address decode input, select analog input.

DB(x) 16-23, DO Output 3-state data bus. DB15 (MSB) to DBO (LSB). Data lines are 3-state during conversion.

26-33 RD should be asserted only when the part is not converting.

cs 10 DI Active low chip select signal

RD 9 DI Active low read signal

CLK 11 DI System clock

CLKDIV(x) 3,4 DI Select clock divider ratio. Internally divides external clock (pin 11) by 1, 2, 4, or 8.

CONV 8 DI Convert start. When CONV switches from high to low, the device switches from sample mode to hold
mode, independent of the external clock status. The address for the next conversion will be latched on
low-to-high transition.

BUSY 15 DO BUSY goes high during a conversion and returns low at the end when data is available for reading.

BYTE 7 DI Active high bus width is 8 bits. When BYTE is low, the bus width is 16 bits.

Power Supply

+AVDD 39 P Positive analog power supply, +5Vpc. Decouple to analog ground with a 0.1pF ceramic capacitor and a
4.7uF tantalum capacitor. Referenced to the same power supply as +DVpp (pin 12).

—-AVDD 37 P Negative analog power supply —-5Vpc. Decouple to analog ground with a 0.1pF ceramic capacitor and
a 4.7uF tantalum capacitor. Referenced to the same power supply as —-DVpp (pin 14).

BVDD 24 P Digital I/O power supply in the range 2.7V to DVpp. Decouple to digital /O ground with a 0.1pF
ceramic capacitor and a 4.7pF tantalum capacitor.

+DVDD 12 P Positive digital power supply +5Vpc. Decouple to digital ground with a 0.1pF ceramic capacitor and a
4.7uF tantalum capacitor. Referenced to the same power supply as +AVpp (pin 39).

-DVvDD 14 P Negative digital power supply —-5Vpc. Decouple to digital ground with a 0.1pF ceramic capacitor and a
4.7uF tantalum capacitor. Referenced to the same power supply as —AVpp (pin 37).

AGND 36, 38 P Analog ground. Connected directly to digital ground (pin 13) and digital I/O ground (pin 25).

BGND 25 P Digital 1/0 ground. Connected directly to analog ground (pins 36 and 38) and digital ground (pin 13).

DGND 13 P Digital ground. Connected directly to analog ground (pins 36 and 38) and digital I/O ground (pin 25).

(1) Alis analog input, AO is analog output, Dl is digital input, DO is digital output, and P is power-supply connection.
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TIMING REQUIREMENTS(1)(2)

Over recommended operating free-air temperature range at —40°C to +85°C, and BVpp = +5V, unless otherwise noted.

ADS8342| ADS83421B
PARAMETER SYMBOL MIN  MAX MIN  MAX | UNIT
Conversion time tCONV 17 * tc1
Acquisition time taCQ 3 * tc1
CLK period tc1 0.2 2 * * us
CLK high time (for 5MHz clock frequency) twi 25 * ns
CLK low time (for 5MHz clock frequency) tw2 40 * ns
CONV low to CLK high tD1 40 * ns
CONV low time tw3 40 * ns
CS low to CONV low tp2 0 * ns
CONV low to BUSY high tp3 70 * ns
CONV and CS high to 2nd CLK high(3) tDa 80 * ns
18 CLK high to BUSY low tps 60 * ns
18 CLK low to CS low tDe 0 * ns
CS low to RD low tp7 0 * ns
CS high time twa 40 % | ns
RD low time tws 40 * ns
RD low to data valid tpg 25 * ns
RD high to CS high tpg 0 * ns
Data hold from RD high D10 5 * ns
RD high to CONV low D11 1.5 * tc1
RD high time W6 40 * ns
BYTE change to RD low(4) tp12 20 * ns
A0 and A1 to CONV low tD13 40 * ns
A0 and A1 hold to CONV high D14 10 * ns

* Indicates the same specifications as the ADS8342I.

(1) Allinput signals are specified with rise and fall times of 5ns, tg = tF = 5ns (10% to 90% of BVpp), and timed from a voltage level of (V| + V|H)/2.
(2) see timing diagram in Figure 2.
(3) CS can stay low during conversion. If it is not held low, then cs high to 2nd cs high must be > 80ns (tp4)

4 BYTE is asynchronous. When BYTE is 0, bits 15 through 0 appear at DB15-DB0. When BYTE is 1, bits 15 through 8 appear on DB7-DBO.
RD may remain low between changes in BYTE.

11
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TYPICAL CHARACTERISTICS

At Tp = +25°C, +AVpp = +DVpp = +5V, BVpp =5V, VREE = +2.5V, fcLk = 5SMHz, and fgapmpLE = 250kHz, unless otherwise noted.

INTEGRAL NONLINEARITY vs CODE
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TYPICAL CHARACTERISTICS (continued)

At Tp = +25°C, +AVpp = +DVpp = +5V, BVpp =5V, VREE = +2.5V, fcLk = 5SMHz, and fgapmpLE = 250kHz, unless otherwise noted.
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TYPICAL CHARACTERISTICS (continued)

At Tp = +25°C, +AVpp = +DVpp = +5V, BVpp =5V, VREE = +2.5V, fcLk = 5SMHz, and fgapmpLE = 250kHz, unless otherwise noted.

POSITIVE GAIN vs TEMPERATURE
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THEORY OF OPERATION

The ADS8342 is a classic successive approximation
register (SAR) analog—to—digital converter (ADC). The
architecture is based on capacitive charge redistribution
that inherently includes a sample—and-hold function. The
converter is fabricated on a 0.5um CMOS process. The
architecture and process allow the ADS8342 to acquire
and convert an analog signal at up to 250,000 conversions
per second, while consuming less than 200mW.

The ADS8342 requires an external reference, an external
clock, and a dual power source (£5V). When a digital
interface voltage (BVop) different from +5V is desired, a
triple power source is required (x5V and BVbp). The
external reference can be between 2V and 2.55V. The
value of the reference voltage directly sets the range of the
analog input.

The external clock can vary between 500kHz (25kHz
throughput) and 5MHz (250kHz throughput). The
minimum clock frequency is set by the leakage on the
internal capacitors to the ADS8342.

The analog inputs to the ADC consists of two input pins:
AINx and COMMON. The positive input to the ADC, AINX,
is one of four analog channels (AINO to AIN3) and is
selected by the front-end multiplexer. When a conversion
is initiated, the differential input on these pins is sampled
on to the internal capacitor array. While a conversion is in
progress, both inputs are disconnected from any internal
function.

MULTIPLEXER

The ADS8342 has an input multiplexer (MUX) that is used
to select the desired positive analog input, and connect the
sample-and-hold circuit and ADC to it. MUX address pins
A0 and Al are decoded to select the MUX channel; Table 1
shows information on selecting the input channel. Both the
AINx and COMMON input signal voltages are sampled
and held simultaneously to provide the best possible noise
rejection.

Figure 21 shows a block diagram of the input multiplexer
on the ADS8342. The differential input of the converter is
derived from one of the four inputs in reference to the
COMMON pin. Table 1 shows the relationship between
the Al and AO control bits and the selection of the analog
multiplexer. The control bits are provided via input pins;
see the Digital Interface section of this data sheet for more
details.

AIN2 O— ADC

AIN3 O—

AINO O——CQ

AIN1 0—O
e
—oO

COMMON ©

Figure 21. Simplified Diagram of the Analog Input

Table 1. Input Channel Selection

Al A0 AINO | AIN1 | AIN2 | AIN3 [ COMMON
0 0 +IN — — — —-IN
0 1 — +IN — — —-IN
1 0 — — +IN — —-IN
1 1 — — — +IN —-IN

When the converter enters the hold mode, the voltage
difference between the +IN and —IN inputs (Figure 21) is
captured on the internal capacitor array.

SAMPLE-AND-HOLD CIRCUIT

The sample-and-hold circuit on the ADS8342 allows the
ADC to accurately convert an input sine wave of full-scale
amplitude to 16-bit accuracy. The input bandwidth of the
sample-and-hold circuit is greater than the Nyquist rate
(Nyquist equals one-half of the sampling rate) of the ADC
even when the ADC is operated at its maximum
throughput rate of 250kHz.

Typical aperture delay time, or the time it takes for the
ADS8342 to switch from sample mode to hold mode
following the start of conversion, is 8ns. The average delta
of repeated aperture delay values (also known as aperture
jitter) is typically 50ps. These specifications reflect the
ability of the ADS8342 to capture AC input signals
accurately.

ANALOG INPUT

The analog input of ADS8342 is bipolar and
pseudo-differential, as shown in Figure 22. The AINO to
AIN3 and COMMON input pins allow for a differential input
signal. The amplitude of the input is the difference between
the AINx and COMMON inputs, or AINx — COMMON.
Unlike some converters of this type, the COMMON input
is not resampled later in the conversion cycle. When the
converter goes into hold mode, the voltage difference
between AINx and COMMON is captured on the internal
capacitor array.
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+Vper

Gommon-Mode Voltage + Vg

) VANANYANYA

Common-Mode Voltage — Ve

of the ADS8342 i * Vg

VAAVARVARVA

NOTE: The maximum differential voltage between AIN and COMMON (common-mode voltage)

Figure 22. Pseudo-Differential Input Mode of the ADS8342

The range of the COMMON input is limited to —0.1V to
+0.1V. Due to this, the differential input can be used to
reject signals that are common to both inputs in the
specified range. Thus, the COMMON input is best used to
sense a remote signal ground that may move slightly with
respect to the local ground potential.

The general method for driving the analog input of the
ADS8342 is shown in Figure 23 and Figure 24. The
COMMON input is held at the common-mode voltage. The
AINX input swings from COMMON — Vrerto COMMON +
VReF, and the peak-to-peak amplitude is 2 x VRer.

AIN
~Vrerto +Vper
Peak-to-Peak

ADS8342
GCOMMON

Common-Mode —=

Voltage T

Figure 23. Method for Driving the ADS8342

The input current required by the analog inputs depends
on a number of factors, such as sample rate, input voltage,
and source impedance. Essentially, the current into the
ADS8342 analog inputs charges the internal capacitor
array during the sample period. After this capacitance has
been fully charged, there is no further input current. The
source of the analog input voltage must be able to charge
the input capacitance (20pF) to a 16-bit settling level within
3 clock cycles (600ns). When the converter goes into hold
mode, the input impedance is greater than 1GQ.

Care must be taken regarding the absolute analog input
voltage. To maintain the linearity of the converter, the
COMMON input should not drop below AGND — 0.1V, or
exceed AGND + 0.1V. The AINx input must always remain
within the range of COMMON — VRrer to COMMON + VREF.

To minimize noise, low bandwidth input signals or
low-pass filters must be used. In each case, care must be
taken to ensure that the output impedance of the sources
driving the AINx and COMMON inputs are matched.

Often, a small capacitor (100pF) between the positive and
negative inputs helps to match their impedance. To obtain
good performance from the ADS8342, the input circuit
from Figure 24 is recommended.

ADS8342
- 75Q 500Q 20pF
OPAX725 —\/\/\/\T—o/'o—/\ A /\_| |_
o— + 330pF
L
S
500Q 20pF
T_O/'O_ AA /\_| l_

Figure 24. Single-Ended Method of Interfacing
the ADS8342

REFERENCE AND REFGND INPUTS

The reference input of the ADS8342, REFIN, is buffered
with an internal reference amplifier. The reference
amplifier buffers the reference input from the switching
currents needed to charge and discharge the internal
capacitor DAC (CDAC), and therefore, the need to provide
an external reference capable of supplying these
switching currents is eliminated.

The reference ground input, REFGND, is connected directly
to the CDAC. During the conversion, currents to charge and
discharge the CDAC flow through the REFGND pin. For that
reason, it is important that REFGND has a low-impedance
connection to ground.
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The external reference voltage sets the analog input
voltage range. The ADS8342 can operate with a reference
between 2.0V and 2.55V. There are several important
implications to this.

As the reference voltage is reduced, the analog voltage
weight of each digital output code is reduced. This is often
referred to as the least significant bit (LSB) size and is
equal to the reference voltage divided by 32,768. This
means that any offset or gain error inherent in the ADC
appears to increase (in terms of LSB size) as the reference
voltage is reduced. For a reference voltage of 2V, the value
of the LSB is 61.035uV. For a reference voltage of 2.5V, the
LSB is 76.294uV.

The noise inherent in the converter also appears to
increase with a lower LSB size. With a 2.5V reference, the
internal noise of the converter typically contributes only
1.5LSBs peak-to-peak of potential error to the output code.
When the external reference is 2.0V, the potential error
contribution from the internal noise is larger (2LSBs). The
errors due to the internal noise are Gaussian in nature and
can be reduced by averaging consecutive conversion
results.

To obtain optimum performance from the ADS8342, a
0.22uF ceramic capacitor must be connected as close as
possible to the REFIN pin, to reduce noise coupling into
this high impedance input. Because the reference voltage
is internally buffered, a high output impedance reference
source can be used without the need for an additional
operational amplifier to drive the REFIN pin.

NOISE

The transition noise of the ADS8342 is extremely low, as
shown in Figure 25 and Figure 26. These histograms were
generated by applying a low-noise dc input and initiating
8192 conversions. The digital output of the ADC varies in
output code due to the internal noise of the ADS8342. This
is true for all 16-bit, SAR-type ADCs. Using a histogram to
plot the output codes, the distribution should appear
bell-shaped with the peak of the bell curve representing
the nominal code for the input value. The 10, +20, and
+30 distributions will represent the 68.3%, 95.5%, and
99.7%, respectively, of all codes. The transition noise is
calculated by dividing the number of codes measured by
6, and yields the +3c distribution, or 99.7%, of all codes.
Statistically, up to three codes could fall outside the
distribution when executing 1000 conversions. The
ADS8342, with less than three output codes for the +30
distribution, will yield < +0.5LSBs of transition noise.
Remember, to achieve this low-noise performance, the
peak-to-peak noise of the input signal and reference must
be < 50uV.
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Figure 25. Histogram of 8192 Conversions of a
DC Input at Code Transition
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Figure 26. Histogram of 8192 Conversions of a
DC Input at Code Center

Note that the effective number of bits (ENOB) figure is
calculated based on the ADC signal-to-noise (SNR) ratio
with a 10kHz, —0.2dB input signal. SNR is related to ENOB
as follows:

SNR =6.02 x ENOB + 1.76

AVERAGING

The noise of the ADC can be compensated by averaging
the digital codes. By averaging conversion results,
transition noise is reduced by a factor of 1/ Vn, where n is
the number of averages. For example, averaging four
conversion results will reduce the transition noise from
+0.5LSB to +0.25LSB. Averaging should only be used for
input signals with frequencies near DC.

For AC signals, a digital filter can be used to low-pass filter
and decimate the output codes. This works in a similar
manner to averaging; for every decimation by 2, the
signal-to-noise ratio will improve by 3dB.
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DIGITAL INTERFACE
SIGNAL LEVELS

The ADS8342 digital interface accommodates different
logic levels. The digital interface circuit is designed to
operate using 2.7V to 5.5V logic levels. When the
ADS8342 interface power-supply voltage is in the range of
4.5V to 5.5V (5V logic level), the ADS8342 can be
connected directly to another 5V CMOS integrated circuit.
If the ADS8342 interface power-supply voltage is in the
range of 2.7V to 3.6V, the ADS8342 can be connected
directly to another 3.3V LVCMOS integrated circuit. Note
that digital inputs must not exceed BVDD by more than
+0.3V.

TIMING AND CONTROL

The ADS8342 uses a parallel control interface consisting
of the following digital input pins: CS, RD, CONV, CLK,
BYTE, A0, Al, CLKDIVO, and CLKDIV1. The following
pins are digital outputs: BUSY, and DB1 to DB15. See
Figure 2 (page 10) for a typical timing diagram.

The CS input enables the digital interface of the ADS8342.
CS and CONV start a conversion and CS and RD allow the
output data to be read.

BYTE controls the data output bus width. A0 and Al select
the input MUX channel and CLKDIVO and CLKDIV1 select
the internal clock divider ratio.

The ADS8342 needs an external clock, CLK ( pin 11), that
controls the conversion rate of the ADC. A typical conversion
cycle takes 20 clock cycles: 17 for conversion and 3 for signal
acquisition. A 250kHz sample rate can be achieved with a
5MHz external clock and a clock divider ratio of 1. This
corresponds to a 4us maximum throughput period.

The following list describes some of the pins used:

CLK—An external clock must be provided to the ADS8342 via
the digital input pin CLK. The frequency of the externally
provided clock can be divided down inside the ADS8342 to
provide a slower internal clock frequency for the ADS8342.
The maximum internal clock frequency is 5MHz. The
minimum internal clock period is 200ns (see Figure 2, tc1).
The clock duty cycle (HIGH/LOW) for an external clock of
5MHz can range up to 40/60 to 60/40.

CLKDIVx—The CLKDIVx digital input pins are decoded to
select the clock frequency divider ratio that divides the
external clock frequency for use internal to the ADS8342. This
feature is useful for systems where a clock rate higher than

5MHz is available. For example, if a digital signal processor
(DSP) uses a 20MHz clock, it is possible to set up the internal
clock divider of the ADS8342 to divide the input clock
frequency by four, to provide an internal clock speed of 5SMHz.
Table 2 shows the maximum applicable external clock
frequency as a function of the CLKDIVO and CLKDIV1 signals.

Table 2. Clock Divider Selection

CLOCK | MAXINPUT | INTERNAL
RATIO | FREQUENCY | FREQUENCY
CLKDIV1 | CLKDIVO | (1:n) (MHz) (MHz)
0 0 1 5 5
0 1 2 10 5
1 0 4 20 5
1 1 8 20 2.5

Note that all timing diagrams and specifications are
referenced to a clock divider ratio of 1:1 and an external
clock frequency of 5MHz. For higher clock input
frequencies, there will be a minor increase in power
consumption and a possible increase in noise.

BUSY—The digital output signal, BUSY, provides an external
indication that a conversion is taking place. BUSY goes high a
maximum of 70ns after a conversion is initiated (see Figure 2,
tp3) and remains high until the end of the conversion. When
BUSY goes low at the end of the conversion, the data from the
conversion in progress is latched into the ADC output registers
and is ready to be read. The BUSY signal remains low until
another conversion is started by bringing CS and CONV low.

AO AND A1—The digital inputs, A0 and A1, are MUX address
lines used to select the positive analog input MUX channel to
use for conversion. When a conversion is started with CS and
CONV, the Ax inputs are latched into registers on the rising
edge of CS or CONV. The latched MUX inputs control the state
of the MUX for the next conversion following the current
conversion. At the end of the conversion, the analog input
returns to the sampling mode and samples the MUX channel
that was latched during the previous conversion start.

BYTE—The BYTE signal can be used in conjunction with the
RD signal to control the output data bus width. If BYTE is
held low, the ADS8342 operates in 16-bit output mode and
the output data is read on pins DB15 to DBO. When an 8-bit
bus interface is required, the 16-bit output word can be
read using eight data lines by toggling the RD and BYTE
signals. The lower eight data output bits are read on output
pins D7 to DO when BYTE is low. The higher eight data
output bits are read on the same output pins, D7 to DO,
when BYTE is high (see Figure 2).
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START OF A CONVERSION (CS AND CONV)

CS and CONV are NORed together internally and must
both be low to start a conversion. Bringing both the CS and
CONV signals low for 40ns will start a conversion.
Immediately after a conversion is started, the analog
inputs, the selected MUX channel input, and the
COMMON input are held by the sample—and—hold circuit
(8ns).

The conversion starts on the next rising edge of the clock
signal following the conversion start signal, if the
conversion is started at least 40ns before the rising edge
of the next clock (see Figure 2, tpi). The CONV
signal—and CS if it is not always held low—needs to go
high 80ns before the rising edge of the second clock cycle
of the conversion in order to reduce noise caused by bus
activity on the control interface, which can disturb critical
comparator decisions made during the conversion. Once
CONV goes high, it has to stay high during the entire
conversion period (see Figure 2).

After a conversion has been started, the rising edge of
either CS or CONV, whichever is first, latches the MUX
address on pins AO and Al in a register. This address is
used to select the channel that will be converted upon the
next conversion start. After a conversion is finished (17
clock cycles), the sample-and-hold circuit switches from
hold mode to sample mode in order to sample the MUX
channel address that was latched during the previous
conversion start. The start of the next conversion can be
initiated after the input capacitor of the ADS8342 is fully
charged. This signal acquisition time depends on the
driving amplifier, but should be at least 600ns.

For best performance, none of the input control lines
should change state after 80ns prior to the rising edge of
the second clock in the conversion, as previously
described.

READING DATA (RD, CS)—CS and RD are NORed
together internally and both must be low to enable the data
outputs. During the conversion, the data outputs are tri-state
and cannot be read. After a conversion has completed, both
CS and RD must be low for at least 40ns (see Figure 2, tws)
to enable the outputs. The output data can be latched into
external registers using the rising edge of RD and another
conversion can be started 1.5 clocks following the rising edge
of RD. Before bringing RD back low for a subsequent read
command, it must remain high for at least 40ns (see Figure 2,
twe)

When BUSY rises after a conversion is initiated, the data
outputs will become tri-state regardless of the state of RD.
Noise will be generated when the enabled outputs
transition to tri—state, which can affect the results of the
conversion. To obtain best performance, it is
recommended to read the output data immediately after
the BUSY signal goes low at the end of conversion and to
bring RD high prior to starting the next conversion.

DATA FORMAT

The output data from the ADS8342 is in binary two’s
complement (BTC) format (see Figure 27). This figure
represents the ideal output code for a given input voltage and
does not include the effects of offset, gain error, or noise.
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Binary Two's Complement
(BTC)
0111 1111 1111 1111 F— 65535
0111 1111 1111 1110 65534
0111 1111 1111 1101 65533
§ 0000 0000 0000 0001 32769
(&)
2 o
£ 0000 0000 0000 0000 32768 3
e} »
=
2 111111 1111 11 32767
1000 0000 0000 0010 2
1000 0000 0000 0001 1
1000 0000 0000 0000 0
VNFS = — Vg = 2.5V J —O.OOOOSBVJ L 0.000038V L VPFS = + Vg = 2.5V
—2.499962V VBPZ = 0V VPFS — 1LSB = 2.499924V
—2.499924V 2.499847V
Bipolar Analog Input Voltage
—2.499847V 1LSB = 76uV
Vper = 2.5V
Figure 27. Ideal Conversion Characteristics (Vcpm = OV and VReg = 2.5V)
LAYOUT

For optimum performance, care should be taken with the
physical layout of the ADS8342 circuitry. This is
particularly true if the ADC is approaching the maximum
throughput rate.

During the ADC conversion, the basic SAR architecture is
sensitive to glitches or sudden changes in the power
supply, reference, ground connections, and digital inputs.
Such glitches might originate from switching power
supplies, nearby digital logic, or high power devices. The
degree of error in the digital output depends on the
reference voltage, layout, and the exact timing of the
external event. The digital output error can change if the
external event changes in time with respect to the CLK
input.

With this in mind, power to the ADS8342 must be quiet and
well bypassed. The 0.1uF ceramic bypass capacitors
should be placed as close to the device as possible.In

addition, a 1uF to 4.7uF capacitor is recommended. If
needed, an even larger capacitor and a 5Q or 10Q series
resistor can be used to low-pass filter a noisy supply.

The ADS8342 draws very little current from an external
reference because the reference voltage is internally
buffered. The Vrer pin should be bypassed with a 0.22uF
capacitor. An additional larger capacitor can also be used,
if desired. If the reference voltage originates from an op
amp, make sure that it can drive the bypass capacitor or
capacitors without oscillation.

The REFGND and GND pins should be connected to a
quiet ground. In many cases, this will be the analog
ground. Avoid connections that are too near to the
grounding point of a microcontroller or DSP. The ideal
layout should include an analog ground plane dedicated to
the converter and associated analog circuitry.
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APPLICATION INFORMATION

Figure 1 shows a typical connection diagram. Different connection diagrams to DSPs or microcontrollers are shown in
Figure 28 thru Figure 31.

3.3V
3.3V ADSB8342 C5402
ADS8342 MSP430x1xx BV, DVyo
BVyp DV cs OE s
CS |= P1.0 A2
A0 P1.1
A1 P1.2 AO = A3
Al A4
BUSY P1.3
I CONV WE
CONV P2.0 _ _
_ RD RE
RD P2.1
CLK BCLKx
CLK . MCLK (P1.5) BUSY EXT_INTX
DI8:15] PORT3 D0:15] |a— 18 D[0:15]
CLKDIVO P2.2
CLKDIV4 P2.3 Byt  CLKDIVO DXa
BYTE P2.4 CLKDIV1 FSXa
Figure 28. Figure 30.
3.3V 3.3V
ADS8342 ADS8342 C67xx
F2812 C5416/C5510
BVpp DVpp BVpp DVpp
CS |« CE~—1 18 CS |« CE~—1 18
A2 A2
A0 A3 AOD A3
Al A4 Al A4
CONV WE CONV WE
BYTE RD | RE BYTE RD |- RE
CLKDIVO  CLK PWMx CLKDIVO  CLK TOUTx
CLKDIV1  BUSY EXT_INTX CLKDIV1  BUSY EXT_INTX
16 16
D[0:15] D[0:15] D[0:15] D[0:15]
Figure 29. Figure 31.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
I Drawing Qty @ (6) (3) (4/5)

ADS8342IBPFBT ACTIVE TQFP PFB 48 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 ADS8342|

& no Sh/Br) B
ADS8342|PFBT ACTIVE TQFP PFB 48 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 ADS8342|

& no Sh/Br)

ADS8342|PFBTG4 ACTIVE TQFP PFB 48 250  Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 85 ADS8342|
& 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): TI'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.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl'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
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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 Tl 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)
ADS8342IBPFBT TQFP PFB 48 250 177.8 16.4 9.6 9.6 1.5 12.0 | 16.0 Q2
ADS8342IPFBT TQFP PFB 48 250 177.8 16.4 9.6 9.6 1.5 12.0 | 16.0 Q2
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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)
ADS8342IBPFBT TQFP PFB 48 250 210.0 185.0 35.0
ADS8342IPFBT TQFP PFB 48 250 210.0 185.0 35.0

Pack Materials-Page 2



MECHANICAL DATA

MTQFO019A — JANUARY 1995 — REVISED JANUARY 1998

PFB (S-PQFP-G48)

PLASTIC QUAD FLATPACK
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_ 105 4
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/
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4073176/B 10/96

NOTES: A.
B.
C.

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Falls within JEDEC MS-026
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LAND PATTERN

PFB (S—PQFP—-G48)

Example Board Layout

Example Stencil Design

(Note C) (Note D)
L NN
1,35 —f—a—=—|
[ [ — —
[ [ — —1
[ [ — —
[ [ — —
[ [ — —
[ [ — | —
[ [ 8.5 — — 8.5
[ [ — —
[ [ — —1
[ [ — —1
[ [ — —1
[ [ — — 1
| ' JB000Onua00——
/|
8,0 ————» — 8,5 -—
l
I
Non Solder Mask Defined Pad
/ - h \ Example
Pad Geometry
— | |- \ (Note C)
/ /
\ 1,4 —»‘«— /
0,05 Example
\ Al Around Solder Mask Opening
N Y (Note E)
~__ _—

4209366 /A 03/08

NOTES: All linear dimensions are in millimeters.
This drawing is subject to change without notice.

Publication IPC-7351 is recommended for alternate designs.

contact their board assembly site for stencil design recommendations.
E. Customers should contact their board fabrication site for solder mask

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.

Customers should
Refer to IPC-7525.
tolerances between and around signal pads.
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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.

TI 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.

TI 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 TI 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 TI 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, TI 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 Tl components are authorized for use in FDA Class Ill (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.

TI 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
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Wireless Connectivity
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