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ADC0845021 4-Channel, 50 Ksps to 200 Ksps, 8-Bit A/D Converter
1 Features 3 Description

Specified Over a Range of Sample Rates

Four Input Channels
Variable Power Management

Single Power Supply With 2.7 V to 5.25 V Range

DNL: £0.04 LSB (Typical)

INL: £0.04 LSB (Typical)

SNR: 49.6 dB (Typical)

Power Consumption:

— 3-V Supply: 1.6 mW (Typical)
— 5-V Supply: 5.8 mW (Typical)

Applications

Portable Systems
Remote Data Acquisition
Instrumentation and Control Systems

IN1—

MUX

IN4—

The ADC084S021 is a low-power, four-channel
CMOS 8-hit analog-to-digital converter with a high-
speed serial interface. Unlike the conventional
practice of specifying performance at a single sample
rate only, the ADC084S021 is fully specified over a
sample rate range of 50 ksps to 200 ksps. The
converter is based upon a successive-approximation
register architecture with an internal track-and-hold
circuit. It can be configured to accept up to four input
signals at inputs IN1 through IN4.

The output serial data is straight binary, and is
compatible with several standards, such as SPI™,
QSPI™, MICROWIRE, and many common DSP
serial interfaces.

The ADC084S021 operates with a single supply that
can range from 2.7 V to 5.25 V. Normal power
consumption using a 3-V or 5-V supply is 1.6 mW
and 5.8 mW (respectively). The power-down feature
reduces the power consumption to just 0.12 pW using
a 3-V supply or 0.35 yW using a 5-V supply.

The ADCO084S021 comes in a 10-pin VSSOP
package. Operation over the industrial temperature
range of —40°C to 85°C is ensured.

Device Information®
PACKAGE BODY SIZE (NOM)
VSSOP (10) 3.00 mm x 3.00 mm

PART NUMBER
ADC084S021

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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5 Device Comparison Table

SAMPLE RATE RANGE
RESOLUTION
50 TO 200 KSPS 200 TO 500 KSPS 500 KSPS TO 1 MSPS
12 Bit ADC124S021 ADC124S051 ADC124S101
10 Bit ADC104S021 ADC104S051 ADC104S101
8 Bit ADCO084S021 ADCO084S051 ADC084S101

6 Pin Configuration and Functions

DGK Package

10-Pin VSSOP
Top View
( O )
CS | 1 10 | SCLK
VA | 2 9 | DOUT
GND | 3 8 | DIN
IN4 | 4 7 | IN1
IN3 | 5 6 | IN2
\ J
Pin Functions
PIN
110 DESCRIPTION
NO. NAME
1 s | Chip select. A conversion begins at the falling edge of CS. Conversions continue as long as CS is
held low.
Positive supply pin. This pin must be connected to a quiet 2.7-V to 5.25-V source and be
2 Va — bypassed to GND with a 0.1-pyF monolithic capacitor located within 1 cm of the power pin and
with a 1-puF capacitor.
3 GND — Device ground return for all signals.
4,5,6,7 IN1 to IN4 | Analog inputs. These signals can range from 0 V to V.
Digital data input. The ADC084S021's control register is loaded through this pin on rising edges
8 DIN |
of SCLK.
9 DOUT o Digital data output. The output samples are clocked out at this pin on falling edges of the SCLK
pin.
10 SCLK | Digital clock input. This clock directly controls the conversion and readout processes.
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7 Specifications
7.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®®@®)
MIN MAX UNIT
Supply voltage, Va -0.3 6.5 \%
Voltage on any pin to GND -0.3 Va+0.3 \%
Input current at any pin £10 mA
Package input current® +20 mA
Power consumption at T = 25°C See ©®
Junction temperature, T, 150 °C
Storage temperature, Tgyg -65 150 °C

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

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

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

(4) When the input voltage at any pin exceeds the power supply (that is, V5 < GND or V| > V,), the current at that pin must be limited to
10 mA. The 20-mA maximum package input current rating limits the number of pins that can safely exceed the power supplies with an
input current of 10 mA to two. The Absolute Maximum Ratings does not apply to the V4 pin. The current into the V, pin is limited by the
analog supply voltage specification.

(5) The absolute maximum junction temperature (Tjmax) for this device is 150°C. The maximum allowable power dissipation is dictated by
Tjmax, the junction-to-ambient thermal resistance (Rgy;4), and the ambient temperature (T,), and can be calculated using the formula
PpMAX = (Tymax - Tp) / Rgza. The values for maximum power dissipation listed above is reached only when the device is operated in a
severe fault condition (that is, when input or output pins are driven beyond the power supply voltages, or the power supply polarity is
reversed). Such conditions must always be avoided.

7.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1®@ +2500
Vesp) Electrostatic discharge - 3 \%
Machine model (MM)©) +250

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) Human-body model is 100-pF capacitor discharged through a 1.5-kQ resistor.

(3) Machine model is 220-pF discharged through 0 Q.

7.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT
Va Supply voltage 2.7 5.25 \Y,
Digital input voltage -0.3 Va \Y,
Analog input voltage 0 Va \Y,
Clock frequency 0.8 3.2 MHz
Ta Operating temperature -40 85 °C

(1) Recommended Operating Ratings indicate conditions for which the device is functional, but do not ensure specific performance limits.
For ensured specifications and test conditions, see the Electrical Characteristics. The ensured specifications apply only for the test
conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test conditions.

(2) All voltages are measured with respect to GND = 0 V (unless otherwise specified).
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7.4 Thermal Information
ADC084S021
THERMAL METRIC®W®) DGK (VSSOP) UNIT
10 PINS
Rgia Junction-to-ambient thermal resistance 190 °C/W
Rojctop) Junction-to-case (top) thermal resistance 61.3 °C/W
Rgis Junction-to-board thermal resistance 90 °C/W
WIT Junction-to-top characterization parameter 7.6 °C/W
viB Junction-to-board characterization parameter 88.6 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
(2) Reflow temperature profiles are different for lead-free and non-lead-free packages.

7.5 Electrical Characteristics

Vo=27V 10525V, GND =0V, fgc k = 0.8 MHz to 3.2 MHz, fsayp e = 50 ksps to 200 ksps, C, = 50 pF, and T, = 25°C
(unless otherwise noted)®

PARAMETER TEST CONDITIONS MIN®) TYP  MAX® UNIT
STATIC CONVERTER CHARACTERISTICS
Resolution with no missing codes 8 Bits
INL Integral non-linearity +0.04 0.2 LSB
DNL Differential non-linearity +0.04 0.2 LSB
Voer Offset error 0.52 +0.7 LSB
OEM Channel-to-channel offset error +0.01 +0.3 LSB
match
FSE Full-scale error 0.51 0.7 LSB
Channel-to-channel full-scale error
FSEM match 0.01 0.3 LSB
DYNAMIC CONVERTER CHARACTERISTICS
. . . . . |Vpa=27Vt0525V
SINAD  Signal-to-noise plus distortion ratio firy = 39.9 kHz, —0.02 dBFS 49.1 49.6 dB
. ’ : Vpa=27V1t0525V
SNR Signal-to-noise ratio fig = 39.9 kHz, —0.02 dBFS 49.2 49.6 dB
- . Vpo=27Vt0525V _ _
THD Total harmonic distortion iy = 39.9 kHz, —0.02 dBFS 76 62 dB
) : Vpa=27V1t0525V
SFDR  Spurious-free dynamic range fig = 39.9 kHz, ~0.02 dBFS 63 68 dB
. . Vpo=27Vt0525V .
ENOB  Effective number of bits firy = 39.9 kHz, —0.02 dBFS 7.9 Bits
Vp=5.25V _
Channel-to-channel crosstalk iy = 39.9 kHz 73 dB
Intermodulation distortion, second |V =5.25V —78
order terms fa = 40.161 kHz, f, = 41.015 kHz
IMD - - - - dB
Intermodulation distortion, third Vp=5.25V -73
order terms fa = 40.161 kHz, f, = 41.015 kHz
. Vpa=5V 11
FPBW  Full power bandwidth, -3 dB MHz
Vpa=3V 8
ANALOG INPUT CHARACTERISTICS
VN Input range 0toVa \
IpcL DC leakage current +1 HA
c Input it Track mode 33 .
nput capacitance
INA P P Hold mode 3 P

(1) Tested limits are specified to Tl's AOQL (Average Outgoing Quality Level).
(2) Minimum and maximum specification limits are specified by design, test, or statistical analysis.
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Electrical Characteristics (continued)

Vo=2.7V1t0525V,GND =0V, fgc x = 0.8 MHz to 3.2 MHz, fsayp e = 50 ksps to 200 ksps, C, = 50 pF, and T, = 25°C

(unless otherwise noted)®

PARAMETER | TEST CONDITIONS MIN®@ TYP  MAX®@|  UNIT
DIGITAL INPUT CHARACTERISTICS
. Vpo=525V 2.4
Viy Input high voltage \%
VA=3.6V 2.1
Vi Input low voltage 0.8 \%
N Input current Vin=0VorVy +10 HA
CinD Digital input capacitance 2 4 pF
DIGITAL OUTPUT CHARACTERISTICS
| =200 pA Va—05 V,-0.03
Vou Output high voltage SOURCE H A A \%
Isource = 1 MA Va-01
| =200 pA 0.03 0.4
VoL Output low voltage SINK H \%
ISINK =1mA 0.1
:gZH’ TRI-STATE® leakage current *1 pA
ZL
Cout TRI-STATE® output capacitance 2 4 pF
Output coding Straight (natural) binary
POWER SUPPLY CHARACTERISTICS (C_ =10 pF)
Va Supply voltage 2.7 5.25 \Y,
Vao=5.25V, 11 17
Supply current, normal mode fsampLe = 200 ksps, fiy = 40 kHz ) ) mA
(operational, CS low) VA=36V, 0 08
| foavpLe = 200 ksps, fiy = 40 kHz 45 :
A Va=5.25V,
— 200
Supply current, shutdown fsampLe = 0 ksps
? nA
(CS high) Va=36V, 200
fsampLe = O ksps
Power consumption, normal mode | Va=5.25V 5.8 8.9
) mw
(operational, CS low) VA=36V 1.6 29
Pp
Power consumption, shutdown Va=525V 1.05
_OWeET [
(CS high) VA=3.6V 0.72
AC ELECTRICAL CHARACTERISTICS
fscik  Clock frequency @) 0.8 3.2 MHz
fs Sample rate @) 50 200 ksps
L SCLK
tconv Conversion time 13 cycles
DC SCLK duty cycle fscik = 3.2 MHz 30% 50% 70%
t, Track or hold acquisition time Full-scale step input 3 SCLK
ACQ cycles
Throughput time Acquisition time + conversion time 16 csyik:;

(3) This is the frequency range over which the electrical performance is ensured. The device is functional over a wider range which is
specified in Recommended Operating Conditions.
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7.6 Timing Requirements

Vo=27V105.25V,GND =0V, fgc x = 0.8 MHz to 3.2 MHz, fsampe = 50 ksps to 200 ksps, C, = 50 pF, and T, = 25°C
(unless otherwise noted)®

PARAMETER TEST CONDITIONS MIN NOM MAX | UNIT
t Setup time SCLK high to CS falling edge @ Va=3V 10
etup time igh to alling edge ns
CcsuU p g g edg VA=5V 10 05
. —_ 2 Va=3V 10 4.5
to,y  Hold time SCLK low to CS falling edge® ns
Va=5V 10 15
— . . Vpo=3V 4 30
ten Delay from CS until DOUT active ns
Va=5V 2 30
) ) Va=3V 16.5 30
tacc Data access time after SCLK falling edge ns
Va=5V 15 30
tsu Data setup time prior to SCLK rising edge 10 3 ns
th Data valid SCLK hold time 10 3 ns
tch SCLK high pulse width 0.3 x tscLk 0.5 x tgcLk ns
tcL SCLK low pulse width 0.3 x tscLk 0.5 x tgc1k ns
) Va=3V 1.7 20
Output falling
— . o Vpo=5V 12 20
tois CS rising edge to DOUT high-impedance ns
- Va=3V 1 20
Output rising
Va=5V 1 20

(1) Tested limits are specified to TI's AOQL (Average Outgoing Quality Level).
(2) Clock may be either high or low when CS is asserted as long as setup and hold times tcgy and tc  are strictly observed.

Power Down
—» —
Power Up Power Up

-t > et

Track iy Hold o Track Hold

-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2 3 4 5 6 7 8 9 10

S AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAY

|-————————— Control register ——————>| |«——— Control register ——————|

o =====~ o J oo fvs {oe Y vo fue Jon Yo X KHXCOVERCRCANXNCACRAXCOURRRNRNN = X o0 Koo K es Ko Koz K e § o RRAE
o=y e e e e oo o)

Figure 1. Operational Timing Diagram
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TO OUTPUT

BIN 1.6V

Figure 2. Timing Test Circuit

it /

e tACQ e {CONVERT

—~—
SCLK \_ # \y 2 3 4 6 7 8 5 11

tEN—» ’-7 —F‘tCLL’ —{ ’_, tacc ’r
{ Tri-State
poutT—— z3 X z2 X z1 X zo X pB7 X pB6 X DB5 X DB4 \3,5__)( DB1 X DBO )\ Zero , Zero ,Zero = Zero f———

- | tH

Figure 3. Serial Timing Diagram

cs \

tcsu [—
SCLK
—> tcLH
SCLK

Figure 4. SCLK and CS Timing Parameters
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7.7 Typical Characteristics
Ta = 25°C, fsampLe = 50 ksps to 200 ksps, fscik = 0.8 MHz to 3.2 MHz, and fjy = 39.9 kHz (unless otherwise noted)

0.10 T 0.10 T
V, =3.0V V, =3.0V
Fg = 200 ksps Fg =200 KSPS
0.05 0.05
) @
) 9
— 0.00 = 0.00
Z z
-0.05 -0.05
-0.10 -0.10
0 64 128 192 256 64 128 192 256
CODE CODE
Figure 5. DNL —Vp =3V Figure 6. INL -V, =3V
0.10 T 0.10 T
V, =5.0V V,=5.0V
Fs = 200 ksps Fs = 200 KSPS
0.05 0.05
) @
q 9
— 0.00 = 0.00
S z
-0.05 -0.05
-0.10 -0.10
0 64 128 192 256 64 128 192 256
CODE CODE
Figure 7.DNL =V, =5V Figure 8. INL =V, =5V
0.2 0.10
0.1 0.05
N
o +DNL =
@ —— B e, @ ~——
:L -
0.0 ~ 0.00
z — 2
-DNL - —
ANLTNY
-0.1 -0.05
-0.2 -0.10
25 30 35 40 45 50 655 25 30 35 40 45 50 55
SUPPLY VOLTAGE, V, (V) SUPPLY VOLTAGE, V, (V)
Figure 9. DNL vs Supply Figure 10. INL vs Supply
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Typical Characteristics (continued)

Ta = 25°C, fsampLe = 50 ksps to 200 ksps, fsc x = 0.8 MHz to 3.2 MHz, and fjy = 39.9 kHz (unless otherwise noted)

0.10 0.10
0.05 =50V 0.05 = —
A - +INL A=30V
~ — —— —~
@ +DNLTy, =3.0v" o ~ ~
=4 — =
= 0.00 | < 000 |—VA=50V
z Va=50V P4 VA = 3.0V
DONL T~ INL 1
AT - VA =5.0V
-0.05 A= 3.0V 005 |— VA=50 o~
-0.10 -0.10
0 1 2 3 4 0 1 2 3 4
CLOCK FREQUENCY (MHz) CLOCK FREQUENCY (MHz)
Figure 11. DNL vs Clock Frequency Figure 12. INL vs Clock Frequency
0.10 | 0.10 |
200 KSPS 200 KSPS
0.05 0.05
+DNL +INL
o o
2 «
— 0.00 < 0.00
P z
-DNL -INL
-0.05 -0.05
-0.10 -0.10
30 40 50 60 70 30 40 50 60 70
CLOCK DUTY CYCLE (%) CLOCK DUTY CYCLE (%)
Figure 13. DNL vs Clock Duty Cycle Figure 14. INL vs Clock Duty Cycle
0.2 0.2
0.1 0.1
. |™PNE Y, =s0v Ny = sov
) | N o A
(2] #— %)
S5 ! A ]
S 00 Vp=5.0V—V,=3.0vV<L < 00 V= 5.0V ~<——
z
V, = 3.0V K
-DNL A JINL V=50V | Va=30V
-0.1 -0.1
-0.2 -0.2
-50 0 50 100 -50 0 50 100
TEMPERATURE (°C) TEMPERATURE (°C)
Figure 15. DNL vs Temperature Figure 16. INL vs Temperature

10

Submit Documentation Feedback

Copyright © 2005-2016, Texas Instruments Incorporated

Product Folder Links: ADC084S021


http://www.ti.com/product/adc084s021?qgpn=adc084s021
http://www.ti.com
http://www.ti.com/product/adc084s021?qgpn=adc084s021
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNAS279F&partnum=ADC084S021

13 TEXAS
INSTRUMENTS

www.ti.com

ADC084S021
SNAS279F —APRIL 2005-REVISED JULY 2016

Typical Characteristics (continued)
Ta = 25°C, fsampLe = 50 ksps to 200 ksps, fsc x = 0.8 MHz to 3.2 MHz, and fjy = 39.9 kHz (unless otherwise noted)

60 -60
50
-70
o )
T e
© Folk =3.2 MH
z 40 g CLK il -
» =
ST |
-80 Fok = 0.8 MHz—|
30
20 -90
25 30 35 40 45 50 55 25 30 35 40 45 50 55
SUPPLY VOLTAGE, V, (V) SUPPLY VOLTAGE, V, (V)
Figure 17. SNR vs Supply Figure 18. THD vs Supply
60 I -60
V,=3.0Vto 5.0V
50
-70
o )
) ) V,=3.0
g 40 . \
»n ~ ——— =
e —————
-80 A
30 V, = 5.0V
20 -90
0 1 2 3 4 0 1 2 3 4
CLOCK FREQUENCY (MHz) CLOCK FREQUENCY (MHz)
Figure 19. SNR vs Clock Frequency Figure 20. THD vs Clock Frequency
60 | -60 I
V,=3.0Vto 5.0V FCLK = 3.2 MHz
50
-70
o )
) z
x 40 o
z T
» =
-80
30
20 -90
30 40 50 60 70 30 40 50 60 70

CLOCK DUTY CYCLE (%)

Figure 21. SNR vs Clock Duty Cycle

CLOCK DUTY CYCLE (%)

Figure 22. THD vs Clock Duty Cycle
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Typical Characteristics (continued)

Ta = 25°C, fsampLe = 50 ksps to 200 ksps, fsc x = 0.8 MHz to 3.2 MHz, and fjy = 39.9 kHz (unless otherwise noted)
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Figure 27. SFDR vs Supply
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Figure 23. SNR vs Input Frequency Figure 24. THD vs Input Frequency
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Figure 25. SNR vs Temperature Figure 26. THD vs Temperature
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Figure 28. SINAD vs Supply
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Typical Characteristics (continued)
Ta = 25°C, fsampLe = 50 ksps to 200 ksps, fsc x = 0.8 MHz to 3.2 MHz, and fjy = 39.9 kHz (unless otherwise noted)
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Figure 29. SFDR vs Clock Frequency
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Figure 30. SINAD vs Clock Frequency
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Figure 31. SFDR vs Clock Duty Cycle
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Figure 32. SINAD vs Clock Duty Cycle
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Figure 33. SFDR vs Input Frequency
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Figure 34. SINAD vs Input Frequency
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Typical Characteristics (continued)
Ta = 25°C, fsampLe = 50 ksps to 200 ksps, fsc x = 0.8 MHz to 3.2 MHz, and fjy = 39.9 kHz (unless otherwise noted)
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Figure 35. SFDR vs Temperature Figure 36. SINAD vs Temperature
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Figure 37. ENOB vs Supply Figure 38. ENOB vs Clock Frequency
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Figure 39. ENOB vs Clock Duty Cycle Figure 40. ENOB vs Input Frequency
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Typical Characteristics (continued)

Ta = 25°C, fsampLe = 50 ksps to 200 ksps, fsc x = 0.8 MHz to 3.2 MHz, and fjy = 39.9 kHz (unless otherwise noted)
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Figure 41. ENOB vs Temperature Figure 42. Spectral Response: 3V, 200 ksps
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Figure 43. Spectral Response: 5V, 200 ksps Figure 44. Power Consumption vs Throughput
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8 Detailed Description

8.1 Overview

The ADCO084S021 is a successive-approximation analog-to-digital converter designed around a charge-
redistribution digital-to-analog converter.

8.2 Functional Block Diagram

IN1—]
— 8-Bit — VA
—1 MUX APPROXIVATION
ADC L GnD
INA— GND
[4— SCLK

CONTROL [+—CS
LOGIC «—DIN

—»DOUT

Copyright © 2016, Texas Instruments Incorporated

8.3 Feature Description

Figure 1 and Figure 3 for the ADC084S021 are shown in Timing Requirements. CS is chip select, which initiates
conversions and frames the serial data transfers. SCLK (serial clock) controls both the conversion process and
the timing of serial data. DOUT is the serial data output pin, where a conversion result is sent as a serial data
stream, MSB first. Data at DIN, the serial data input pin, is written to the control register of the ADC084S021.
New data is written to DIN with each conversion.

A serial frame is initiated on the falling edge of CS and ends on the rising edge of CS. Each frame must contain
an integer multiple of 16 rising SCLK edges. The ADC output data (DOUT) is in a high impedance state when
CS is high and is active when CS is low. CS thus acts as an output enable, in addition to being a start
conversion input. Additionally, the device goes into a power-down state when CS is high and between continuous
conversion cycles.

During the first 3 cycles of SCLK, the ADC is in the track mode, acquiring the input voltage. For the next 13
SCLK cycles the conversion is accomplished and the data is clocked out, MSB first, starting with the 5th clock. If
there is more than one conversion in a frame, the ADC re-enters the track mode on the falling edge of SCLK
after the N*16th rising edge of SCLK, and re-enter the hold/convert mode at the N*16+4th falling edge of SCLK,
where N is an integer.

SCLK is internally_gated off when CS is high. If SCLK is stopped in the low state while CS is high, the
subsequent fall of CS generates a falling edge of the internal version of SCLK, putting the ADC into the track
mode. This is seen by the ADC as the first falling edge of SCLK. If SCLK is stopped with SCLK high, the ADC
enters the track mode at the first falling edge of SCLK after the falling edge of CS.

During each conversion, data is clocked into the device at the DIN pin on the first 8 rising edges of SCLK after
the fall of CS. For each conversion, it is necessary to clock in the data indicating the input that is selected for the
conversion after the current one. That is, the conversion that is started at the fall of CS is of the voltage at the
channel that was selected when the last conversion was started. The first conversion after power up is of the first
channel. See Table 1 and Table 3.

If CS and SCLK go low within the times defined by tcgy and te . the rising edge of SCLK that begins clocking
data in at DIN may be one clock cycle later than expected. It is, therefore, best to strictly observe the minimum
tcsy and te y times given in Timing Requirements.
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Feature Description (continued)

There are no power-up delays or dummy conversions required with the ADC084S021. The ADC is able to
sample and convert an input to full conversion immediately following power up. The first conversion result after
power up is that of IN1.

8.3.1 Transfer Function

The output format of the ADC084S021 is straight binary. Code transitions occur midway between successive
integer LSB values. The LSB width for the ADC084S021 is V, / 256, and Figure 45 shows the ideal transfer
characteristic. The transition from an output code of 0000 0000 to a code of 0000 0001 is at 1/2 LSB, or a
voltage of V, / 512. Other code transitions occur at steps of one LSB.

A

111...111 —
111...110 —

111...000 —
[ ]
[ ]
011...111 —

C

~
~

ADC CODE

1LSB = Va/256

000...010 —

000...001 —

000...000 | 1l T >
ov ¥2LSB ANALOG INPUT TVA-1LSB

Figure 45. Ideal Transfer Characteristic

8.3.2 Analog Inputs

Figure 46 shows an equivalent circuit for one of the ADC084S021's input channels. Diodes D1 and D2 provide
ESD protection for the analog inputs. At no time must any input go beyond (Vo + 300 mV) or
(GND - 300 mV), as these ESD diodes begin conducting, which could result in erratic operation. For this reason,
these ESD diodes must not be used to clamp the input signal.

The capacitor C1 in Figure 46 has a typical value of 3 pF, and is mainly the package pin capacitance. Resistor
R1 is the on resistance of the multiplexer and track or hold switch, which is typically 500 Q. Capacitor C2 is the
ADCO084S021 sampling capacitor, which is typically 30 pF. The ADC084S021 delivers the best performance
when driven by a low-impedance source to eliminate distortion caused by the charging of the sampling
capacitance. This is especially important when using the ADC084S021 to sample AC signals. Also important
when sampling dynamic signals is a band-pass or low-pass filter to reduce harmonics and noise, improving
dynamic performance.
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Feature Description (continued)

<

A
m

P ~ /\_/\N\/_| % S
C1
3pF D2
Conversion Phase - Switch Open
Track Phase - Switch Closed

Figure 46. Equivalent Input Circuit

VIN A

8.3.3 Digital Inputs and Outputs

The digital output of the ADC084S021, DOUT, is limited by and cannot exceed the supply voltage, V4. The digital
input pins are not prone to latch-up and, and although not recommended, SCLK, CS, and DIN may be asserted
before V, without any latch-up risk.

8.4 Device Functional Modes

The ADC084S021 has two primary modes of operation necessary for capturing an analog signal: track mode and
hold mode. Simplified schematics of the ADC084S021 in both track and hold modes are shown in Figure 47 and
Figure 48, respectively.

8.4.1 Track Mode

Figure 47 shows the ADC084S021 in track mode: switch SW1 connects the sampling capacitor to one of four
analog input channels through the multiplexer, and SW2 balances the comparator inputs. The ADC084S021 is in
this state for the first three SCLK cycles after CS is brought low.

CHARGE
IN1 — REDISTRIBUTION
MUX DAC

e SAMPLING

IN4 — CAPAC,ITOR
|
Swi I\ CONTROL
sw2 LOGIC
AGND Va
2

Figure 47. ADC084S021 in Track Mode

8.4.2 Hold Mode

Figure 48 shows the ADC084S021 in hold mode: switch SW1 connects the sampling capacitor to ground,
maintaining the sampled voltage, and switch SW2 unbalances the comparator. The control logic then instructs
the charge-redistribution DAC to add fixed amounts of charge to the sampling capacitor until the comparator is
balanced. When the comparator is balanced, the digital word supplied to the DAC is the digital representation of
the analog input voltage. The ADC084S021 is in this state for the fourth through sixteenth SCLK cycles after CS
is brought low.

The time when CS is low is considered a serial frame. Each of these frames must contain an integer multiple of
16 SCLK cycles, during which time a conversion is performed and clocked out at the DOUT pin and data is
clocked into the DIN pin to indicate the multiplexer address for the next conversion.
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Device Functional Modes (continued)

IN1

IN4 ——

8.5 Register Maps
Table 1 shows the control register bits for the ADC084S021.

MUX

AGND

SAMPLING
CAPACITOR

E

s

CHARGE

DAC

REDISTRIBUTION

CONTROL
LOGIC

Figure 48. ADC084S021 in Hold Mode

Table 1. Control Register Bits

BIT 7 (MSB) BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT O
DONTC DONTC ADD2 ADD1 ADDO DONTC DONTC DONTC
8.5.1 Register Description
Table 2 shows the register descriptions for bit 7 through bit 0.
Table 2. Control Register Bit Descriptions
BIT NO. SYMBOL DESCRIPTION
7t06,2t00 DONTC Don't care. The value of these bits do not affect device operation.

5 ADD2 These three bits determine which input channel will be sampled and converted

4 ADD1 in the next track/hold cycle. The mapping between codes and channels is

3 ADDO shown in Table 3.

Table 3 shows the input channel selection for register bits ADD2, ADD1, and ADDO.

Table 3. Input Channel Selection

INPUT CHANNEL ADD2 ADD1 ADDO
IN1 (Default) X 0 0
IN2 X 0 1
IN3 X 1 0
IN4 X 1 1
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9 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

9.1 Application Information

Figure 49 shows a typical application of the ADC084S021. Power is provided, in this example, by the Texas
Instruments LP2950 low-dropout voltage regulator, available in a variety of fixed and adjustable output voltages.
The power supply pin is bypassed with a capacitor network located close to the ADC084S021.

Because the reference for the ADC084S021 is the supply voltage, any noise on the supply degrades device
noise performance. Use a dedicated linear regulator for this device, or provide sufficient decoupling from other
circuitry to keep noise off the ADC084S021 supply pin. Because of the low power requirements of the
ADCO084S021, it is also possible to use a precision reference as a power supply to maximize performance. The
four-wire interface is also shown connected to a microprocessor or DSP.

9.2 Typical Application

@1 uF $ 0.1 yF

%1 WF %O.l uFJ7

Va
—IN1 SCLK|<
] CSle
IN2  ADc084S021 MICROPDRSFE:ESSOR
—1{in3 DIN |«
—1IN4 DOUT >

GND

Copyright © 2016, Texas Instruments Incorporated

Figure 49. Typical Application Circuit

9.2.1 Design Requirements

In this application, the power consumption of the ADC084S021 must not exceed 1 mW and the throughput may
range from 50 ksps to 200 ksps.

9.2.2 Detailed Design Procedure

The two largest factors that impact the power consumption of the ADC084S021 are the supply voltage and the
throughput. According to Figure 50, a supply voltage of 3 V allows a throughput of up to 200 ksps at less than
1-mW power consumption. If a supply voltage of 5 V is chosen then the maximum throughput achievable is
about 40 ksps, which does not meet the design requirements. Select a supply voltage of 3 V with a F¢  of
3.2 MHz to meet all of the design requirements.
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Typical Application (continued)
9.2.3 Application Curve

[
Foik = 3.2 MHz

4 /|

V, = 50\7/
e

POWER CONSUMPTION (mW)
w

2 /
1 // Vo=3.0V__|
|
. //
0 50 100 150 200

THROUGHPUT (KSPS)

Figure 50. Power Consumption vs Throughput

10 Power Supply Recommendations

The ADC084S021 is fully powered up whenever CS is low, and fully powered down when CS is high, with one
exception: the ADC084S021 automatically enters power-down mode between the 16th falling edge of a
conversion and the 1st falling edge of the subsequent conversion (see Timing Requirements).

The ADC084S021 can perform multiple conversions back to back; each conversion requires 16 SCLK cycles.
The ADC084S021 performs conversions continuously as long as CS is held low.

10.1 Power Management

When the ADC084S021 is operated continuously in normal mode, the maximum throughput is fgg k/16.
Performance remains as stated in Electrical Characteristics as long as the SCLK frequency remains within the
range stated at the heading of those tables. Throughput may be traded for power consumption by running fsc «
at its maximum 3.2 MHz and performing fewer conversions per unit time, putting the ADC084S021 into shutdown
mode between conversions. See Figure 44 in Typical Characteristics. To calculate the power consumption for a
given throughput, multiply the fraction of time spent in the normal mode by the normal mode power consumption
and add the fraction of time spent in shutdown mode multiplied by the shutdown mode power consumption.
Generally, the user places the part into normal mode and then put the part back into shutdown mode. Note that
the curve of Figure 44 is nearly linear. This is because the power consumption in the shutdown mode is so small
that it can be ignored for all practical purposes.

10.2 Noise Considerations

The charging of any output load capacitance requires current from the power supply, Va. The current pulses
required from the supply to charge the output capacitance causes voltage variations of the supply voltage. If
these variations are large enough, they could degrade SNR and SINAD performance of the ADC. Furthermore,
discharging the output capacitance when the digital output goes from a logic high to a logic low dumps current
into the die substrate. Load discharge currents causes ground bounce noise in the substrate that degrades noise
performance if that current is large enough. The larger is the output capacitance, the more current flows through
the die supply line and substrate, causing more noise to be coupled into the analog channel and degrading noise
performance.

To keep noise out of the power supply, keep the output load capacitance as small as practical. If the load
capacitance is greater than 50 pF, use a 100-Q series resistor at the ADC output, located as close to the ADC
output pin as practical. This limits the charge and discharge current of the output capacitance and improve noise
performance.
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11 Layout

11.1 Layout Guidelines

For optimum performance, take care with the physical layout of the ADC084S021 circuitry. The basic SAR
architecture is sensitive to glitches or sudden changes on the power supply and ground connections that occur
just prior to latching the output of the analog comparator. Therefore, during any single conversion for an n-bit
SAR converter, there are n windows in which large external transient voltages can easily affect the conversion
result. Such glitches might originate from switching power supplies, nearby digital logic, and high-power devices.

With this in mind, power to the ADC084S021 must be clean and well-bypassed. A 0.1-uF ceramic bypass
capacitor must be placed as close to the device as possible. A 1-uF to 10-uF capacitor may also be needed if
the impedance of the connection between VA and the power supply is high. Routing of the analog inputs must be
kept short and separate from the digital lines. To keep unwanted coupling to a minimum, input traces must also
be routed away from noisy components or planes that could crosstalk or interfere with the signal.

11.2 Layout Example

10 : SCLK

9: DOUT

8 : DIN

7 :IN1

6:IN2

Figure 51. ADC Layout
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12 Device and Documentation Support

12.1 Device Support

12.1.1 Device Nomenclature

ACQUISITION TIME is the time required to acquire the input voltage. That is, it is time required for the hold
capacitor to charge up to the input voltage.

APERTURE DELAY is the time between the fourth falling SCLK edge of a conversion and the time when the
input signal is acquired or held for conversion.

CONVERSION TIME is the time required, after the input voltage is acquired, for the ADC to convert the input
voltage to a digital word.

CROSSTALK is the coupling of energy from one channel into the other channel, or the amount of signal energy
from one analog input that appears at the measured analog input.

DIFFERENTIAL NON-LINEARITY (DNL) is the measure of the maximum deviation from the ideal step size of 1
LSB.

DUTY CYCLE is the ratio of the time that a repetitive digital waveform is high to the total time of one period. The
specification here refers to the SCLK.

EFFECTIVE NUMBER OF BITS (ENOB, or EFFECTIVE BITS) is another method of specifying Signal-to-Noise
and Distortion or SINAD. ENOB is defined as (SINAD - 1.76) / 6.02 and says that the converter is
equivalent to a perfect ADC of this (ENOB) number of bits.

FULL POWER BANDWIDTH is a measure of the frequency at which the reconstructed output fundamental
drops 3 dB below its low frequency value for a full scale input.

FULL SCALE ERROR (FSE) is a measure of how far the last code transition is from the ideal 1% LSB below
Vgert and is defined with Equation 1.

Vesg = Vinax + 1.5 LSB — Vggp*

where
Vax IS the voltage at which the transition to the maximum code occurs
* FSE can be expressed in Volts, LSB or percent of full scale range 1)

GAIN ERROR is the deviation of the last code transition (111...110) to (111...111) from the ideal (Vggr — 1.5
LSB), after adjusting for offset error.

INTEGRAL NON-LINEARITY (INL) is a measure of the deviation of each individual code from a line drawn from
negative full scale (*2 LSB below the first code transition) through positive full scale (*2 LSB above
the last code transition). The deviation of any given code from this straight line is measured from
the center of that code value.

INTERMODULATION DISTORTION (IMD) is the creation of additional spectral components as a result of two
sinusoidal frequencies being applied to the ADC input at the same time. It is defined as the ratio of
the power in the second and third order intermodulation products to the sum of the power in both of
the original frequencies. IMD is usually expressed in dB.

MISSING CODES are those output codes that never appears at the ADC outputs. These codes cannot be
reached with any input value. The ADC084S021 is ensured not to have any missing codes.

OFFSET ERROR is the deviation of the first code transition (000...000) to (000...001) from the ideal (that is,
GND + 0.5 LSB).

SIGNAL TO NOISE RATIO (SNR) is the ratio, expressed in dB, of the rms value of the input signal at the
converter output to the rms value of the sum of all other spectral components below one-half the
sampling frequency, not including DC or harmonics included in the THD specification.
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Device Support (continued)

SIGNAL TO NOISE PLUS DISTORTION (S/N+D or SINAD) is the ratio, expressed in dB, of the rms value of
the input signal to the rms value of all of the other spectral components below half the clock
frequency, including harmonics but excluding dc

SPURIOUS FREE DYNAMIC RANGE (SFDR) is the difference, expressed in dB, between the rms values of the
input signal and the peak spurious signal where a spurious signal is any signal present in the output
spectrum that is not present at the input, excluding dc

TOTAL HARMONIC DISTORTION (THD) is the ratio, expressed in dB or dBc, of the rms total of the first five
harmonic components at the output to the rms level of the input signal frequency as seen at the
output. THD is calculated with Equation 2.

A2 Leeet Afg?

THD = ED-Ing\/

Aft”
where
« Af; is the RMS power of the input frequency at the output
* Af, through Afg are the RMS power in the first 5 harmonic frequencies 2

THROUGHPUT TIME is the minimum time required between the start of two successive conversion. It is the
acquisition time plus the conversion and read out times. In the case of the ADC084S021, this is 16
SCLK periods.

12.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

12.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support Tl's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘ﬁl\ during storage or handling to prevent electrostatic damage to the MOS gates.

12.6 Glossary

SLYZ022 — Tl Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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13 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)

ADCO084S021CIMM/NO.A Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40to 85 X19C
ADC084S021CIMM/NO.B Active Production VSSOP (DGS) | 10 1000 | SMALL T&R - Call TI Call Tl -40to 85

ADC084S021CIMM/NOPB Active Production VSSOP (DGS) | 10 1000 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 85 X19C
ADC084S021CIMMX/NO.A Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 85 X19C
ADC084S021CIMMX/NOPB Active Production VSSOP (DGS) | 10 3500 | LARGE T&R Yes SN Level-1-260C-UNLIM -40to 85 X19C

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

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

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that 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 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 [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
IADC084S021CIMM/NOPB| VSSOP | DGS 10 1000 177.8 12.4 5.3 3.4 14 8.0 12.0 Q1
ADC084S021CIMMX/ | VSSOP | DGS 10 3500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
NOPB
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADCO084S021CIMM/NOPB VSSOP DGS 10 1000 210.0 185.0 35.0
ADC084S021CIMMX/ VSSOP DGS 10 3500 367.0 367.0 35.0
NOPB
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DGS0010A I

PACKAGE OUTLINE
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

AT SEATING PLANE—— "
PIN 1 1D .
) — 8X|0.5 — :
10 [05] 1)
= T ]
— 2X
[
1 | m
===
T il
29 T T (4 [0.1® [c]A® [BO | 41.1 MAX
NOTE 4
T
v/ \
\ J ‘ E 1
h ,l 0.23
e TYP
&SEE DETAIL A 0.13

)

0.4 0.05

DETAIL A
TYPICAL

4221984/A 05/2015

NOTES:

-

s W N

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-187, variation BA.
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EXAMPLE BOARD LAYOUT

DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

10X (1.45)
10X (0.3) j r SYMM (R0.05)
TYP
| ::/
= i

-—— = ——

|

|

|

i 1O SYMM
T == %
8X (0.5) 5 :; :i:]

Li (4.4) !

6

LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ ) METAL SOLDER MASK\x i OPENING

4 r=— 0.05 MAX

ALL AROUND

NON SOLDER MASK
DEFINED

{ }
=
J 0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4221984/A 05/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

YMM (R0.05) TYP

T1OX(1.45)T S

10x<0.3)L ¢

1 ‘ |
== | v
b | ——]

|
)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221984/A 05/2015

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
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