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5 Pin Configuration and Functions
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Ed 5-1. PW Package, 16-Pin TSSOP (Top View)

# 5-1. Pin Functions

PIN
TYPE DESCRIPTION
NO. NAME
~ Chip select. On the falling edge of CS, a conversion process begins. Conversions continue as long as
1 CS IN =
CS is held low.
Positive analog supply pin. This voltage is also used as the reference voltage. Connect this pin to a
2 Va Supply |quiet 2.7-V to 5.25-V source and bypass this pin to GND with 1-yF and 0.1-pyF monolithic ceramic
capacitors located within 1 cm of the power pin.
3 AGND Supply | The ground return for the analog supply and signals.
4 INO IN Analog input. This signal can range from 0 V to VRgr.
5 IN1 IN Analog input. This signal can range from 0 V to VRgr.
6 IN2 IN Analog input. This signal can range from 0 V to VRgr.
7 IN3 IN Analog input. This signal can range from 0 V to Vggr.
8 IN4 IN Analog input. This signal can range from 0 V to Vggr.
9 INS IN Analog input. This signal can range from 0 V to VRgg.
10 IN6 IN Analog input. This signal can range from 0 V to VRgg.
11 IN7 IN Analog input. This signals can range from 0 V to VRgr.
12 DGND Supply | The ground return for the digital supply and signals.
13 v, Suppl Positive digital supply pin. Connect this pin to a 2.7-V to Va supply, and bypass this pin to GND with a
b PRy 0.1-yF monolithic ceramic capacitor located within 1 cm of the power pin.
14 DIN IN Digital data input. The control register is loaded through this pin on rising edges of the SCLK pin.
15 DOUT ouT Eilngltal data output. The output samples are clocked out of this pin on the falling edges of the SCLK
16 SCLK IN Digital clock input. The specified performance range of frequencies for this input is 0.8 MHz to
16 MHz. This clock directly controls the conversion and readout processes.
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6 Specifications
6.1 Absolute Maximum Ratings

over operating ambient temperature range (unless otherwise noted)("

MIN MAX UNIT

Analog supply voltage (Va) -0.3 6.5 \%
Digital supply voltage (Vp)®@ -0.3 VAo +0.3 \%
Voltage on analog input pins to AGND(@) AGND - 0.3 Vao+0.3 \%
Voltage on digital input and digital output pins to DGND® DGND - 0.3 Vp+0.3 \%
DGND to AGND -0.3 0.3 \Y
Input current at any pin -10 10 mA
Package input current -20 20 mA
Power-dissipation at Ty = 25°C See®)

Junction temperature, T, 150 °C
Storage temperature, Tgg -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) The maximum voltage is not to exceed 6.5 V

(3) The absolute maximum junction temperature (T max) for this device is 150°C. The maximum allowable power dissipation is dictated by
TJmax, the junction-to-ambient thermal resistance (8,4), and the ambient temperature (T,), and can be calculated using the formula
PpMAX = (Tymax - Ta)/6,a. The values for maximum power dissipation listed above will be reached only when the device is operated
in a severe fault condition (e.g. when input or output pins are driven beyond the power supply voltages, or the power supply polarity is
reversed). Such conditions should always be avoided.

6.2 ESD Ratings

VALUE UNIT

Human body model (HBM), per ANSI/ESDA/

o JEDEC JS-001, all pins(") +2000
V(esp) Electrostatic discharge : v
Charged device model (CDM), per JEDEC +500

specification JESD22-C101, all pins(?

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions

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

PARAMETER TEST CONDITIONS MIN NOM MAX| UNIT
Va Analog power supply Va to AGND 2.7 5.25 \Y
Vp Digital power supply Vp to DGND 2.7 Va \
VN Digital input voltage 0 Va \
FSR Full-scale analog input range 0 Va \%
Clock frequency 0.8 16| MHz
Ta Ambient temperature -55 25 125| °C
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6.4 Thermal Information

ADC128S102-SEP

THERMAL METRIC(") PW (TSSOP) UNIT

16 PINS
Rgua Junction-to-ambient thermal resistance 110 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 42 °C/W
Rays Junction-to-board thermal resistance 56 °C/W
Wr Junction-to-top characterization parameter 5 °C/W
Y5 Junction-to-board characterization parameter 55 °C/W

M

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: ADC128S102-SEP

Submit Document Feedback

5


http://www.ti.com/lit/SPRA953
https://www.tij.co.jp
https://www.ti.com/product/ja-jp/adc128s102-sep?qgpn=adc128s102-sep
https://www.tij.co.jp/jp/lit/pdf/JAJSLJ3
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSLJ3A&partnum=ADC128S102-SEP
https://www.ti.com/product/ja-jp/adc128s102-sep?qgpn=adc128s102-sep

13 TEXAS
ADC128S102-SEP INSTRUMENTS
JAJSLJ3A — DECEMBER 2021 — REVISED APRIL 2022 www.tij.co.jp

6.5 Electrical Characteristics

at AGND = DGND =0V, fsck = 0.8 MHz to 16 MHz, fsampLe = 50 kSPS to 1 MSPS, and C, = 50 pF (unless otherwise
noted); minimum and maximum values at Tp = -55°C to +125°C; typical values at Tp = 25°C
PARAMETER \ TEST CONDITIONS MIN TYP MAX| UNIT

ANALOG INPUTS

IbcL Input leakage current -1 1 uA

c Input " ) Track mode 33 F
IN nput capacitance p
Hold mode 3

DC PERFORMANCE

Resolution No missing codes 12 Bits
VasVo =3V 0.5 1.8
ATTP ~0.99 03
DNL Differential nonlinearity LSB
VazVe =5V 0.9 1.7
ATTP ~0.99 05
Va=Vp=3V -1.6 +0.6 1.6
INL Integral nonlinearity LSB
Va=Vp=5V -15 +0.9 1.5
Va=Vp=3V -2.3 0.8 23
Vorr Input offset error LSB
Va=Vp=5V -2.3 1.1 23
Va=Vp=3V -1.5 +0.1 1.5
OEM Offset error match LSB
Va=Vp=5V -1.5 0.3 1.5
Va=Vp=3V -2.1 0.8 2.1
FSE Full-scale error LSB
Va=Vp=5V -2.1 0.3 21
Va=Vp=3V -1.6 0.1 1.6
FSEM Full-scale error match LSB
Va=Vp=5V -1.6 +0.3 1.6
AC PERFORMANCE
Va=Vp=3V 6.8
FPBW Full-power bandwidth MHz
Va=Vp=5V 10
VA = VD =3V,
fin = 40.2 kHz, —0.02 dBFS 68 2
SINAD Signal-to-noise + distortion ratio dB
Va=Vp=5V, 68 72
fin = 40.2 kHz, —0.02 dBFS
Va=Vp=3YV,
fin = 40.2 kHz, —0.02 dBFS 68.5 2
SNR Signal-to-noise ratio dB
Va=Vp=5V, 68 72
fiy = 40.2 kHz, —0.02 dBFS
VA = VD =3V,
fiy = 40.2 kHz, —0.02 dBFS 86 12
THD Total harmonic distortion dB
Va=Vp=5YV, -87 -72
fiy = 40.2 kHz, —0.02 dBFS
VA = VD =3V,
fiy = 40.2 kHz, —0.02 dBFS 75 91
SFDR Spurious-free dynamic range dB
Va=Vp=5V, 75 )
fiy = 40.2 kHz, —0.02 dBFS
VA = VD =3V,
fin = 40.2 kHz, —0.02 dBFS 1 1.6
ENOB Effective number of bits Bits
Va=Vp=5V, 7 16
fin = 40.2 kHz, —0.02 dBFS :
Va=Vp=3YV, 84
fin = 20 kHz, —0.02 dBFS
1ISO Channel-to-channel isolation dB
VA = VD =5V, 85

fin = 20 kHz, —0.02 dBFS
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6.5 Electrical Characteristics (continued)

at AGND = DGND =0V, fgc k = 0.8 MHz to 16 MHz, fsampLe = 50 kSPS to 1 MSPS, and C; = 50 pF (unless otherwise
noted); minimum and maximum values at Tp = -55°C to +125°C; typical values at T = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
VA = VD =3 V, 93 77
Intermodulation distortion, fin = 19.5 kHz, -0.02 dBFS
second order terms Va=Vp=5V,
fiy = 19.5 kHz, —0.02 dBFS 93 -
IMD dB
VA = VD =3V, -91 -70
Intermodulation distortion, fin = 19.5 kHz, -0.02 dBFS
third order terms Va=Vp=5V,
fiy = 19.5 kHz, —0.02 dBFS 91 =70
DIGITAL INPUTS
Va=Vp=27V1i036V 2.1
Vi Input high logic level \%
Va=Vp=4.75V 10525V 24
Vi Input low logic level Va=Vp=27Vto525V 0.8 \
Input current ViN=0VorVp +0.01 2 MA
Digital input capacitance(") 35 pF
DIGITAL OUTPUTS
Output format Straight binary
Vor Output high logic level '\7°ER\3E 3070\7/;\5 505V Vp-05 Vv
VoL Output low logic level '\foﬁR\SE féo;)\‘;?otg ;5’“\?" 0.4 v
Hiigh-impedance output leakage Va=Vp=27V105.25V +0.01 +1 uA
current
H||gh—!mpedgr)1ce output 35 oF
capacitance!
POWER SUPPLY
Va=Vp=27Vto36V 0.9 15
Total supply current, fsampLe = 1 MSPS, fiy = 40 kHz ) ) mA
normal mode (CS low) Va=Vp=475V10525V 95 32
| | fSAMPLE =1 MSPS, fIN =40 kHz ’ ’
-
AT Va=Vp=27Vi036V 55 5
Total supply current, fsawpLe = 0 kSPS ’ A
shutdown mode (CS high) Va=Vp=4.75V105.25V H
fsampLe = 0 kSPS 6 0
Va=Vp=3V 2.7 45
Power consumption, fsampLe = 1 MSPS, fiy = 40 kHz ' : W
normal mode (CS low) Vpo=Vp=5V
p fSAMPLE =1 MSPS, fIN =40 kHz " 155
c
VA‘VD_'3V 16.5 150
Power consumption, fsampLe = 0 kSPS oW
shutdown mode (CS high) Va=Vp=5V 30 350
fsampLe = 0 kSPS

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

atVa=Vp=2.7V1t05.25V, AGND =DGND =0V, fgg k = 0.8 MHz to 16 MHz, fsampLe = 50 kSPS to 1 MSPS, and C, = 50
pF (unless otherwise noted); minimum and maximum values at Ty = —55°C to +125°C; typical values at Tp = 25°C.

MIN TYP MAX| UNIT
CONVERSION CYCLE
fscLk Serial clock frequency Va=Vp=27V1t0525V 0.8 16 MHz

Serial clock duty cycle Va=Vp=27V1t0525V 40% 60%

fs Sample rate in continuous mode Va=Vp=27Vto525V 50 kSPS
tconvert | Conversion (hold) time Va=Vp=27Vto525V 13| SCLK
taca Acquisition (track) time Va=Vp=27Vto525V 3| SCLK
tevele Throughput time Si‘):"‘\\//; LAE%) 3tto 595V 16| SCLK
SPI INTERFACE TIMINGS
tcsH CS hold time after SCLK rising edge 10 2 ns
tcss CS setup time prior to SCLK rising edge 10 4.5 ns
tps DIN setup time prior to SCLK rising edge 10 ns
toH DIN hold time after SCLK rising edge 10 ns
teH SCLK high time 0.4 x tscLk ns
toL SCLK low time 0.4 x tscik ns

6.7 Switching Characteristics

atVa=Vp=2.7V105.25V, AGND =DGND =0V, fgg k = 0.8 MHz to 16 MHz, fsampLe = 50 kSPS to 1 MSPS, and C, = 50
pF (unless otherwise noted); minimum and maximum values at Ty = —55°C to +125°C; typical values at Tp = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SPI INTERFACE TIMINGS
ten CS falling edge to DOUT enabled 5 30 ns
tbacc DOUT access time after SCLK falling edge 17 27 ns
tpHLD DOUT hold time after SCLK falling edge 7 ns
— DOUT falling 24 20 ns
tois S rising edge to DOUT high-impedance
DOUT rising 0.9 20 ns
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6.8 Timing Diagrams

Power i«g—p»

Down

Power Up
Track P Hold

Power Up
Track - Hold

vy
A A

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

_\UWC/\SJ\NV\N\JVW\/WJ\J\FJVVV\

Control register N + 1

~<«————Control register N———————|
on —— A Mm00NONONONONONON000000000000MWMNNNWMWOWMN 0'

Data N

DataN -1

bouT —\ FOUR ZEROS
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6.9 Typical Characteristics
Ta = 25°C, fsampLe = 1 MSPS, fsc k = 16 MHz, and fjy = 40.2 kHz (unless otherwise noted)
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6.9 Typical Characteristics (continued)

Ta = 25°C, fsampLe = 1 MSPS, fsc k = 16 MHz, and fjy = 40.2 kHz (unless otherwise noted)
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6-14. INL vs SCLK Duty Cycle 6-15. SNR vs SCLK Duty Cycle
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6.9 Typical Characteristics (continued)
Ta = 25°C, fsampLe = 1 MSPS, fsc k = 16 MHz, and fjy = 40.2 kHz (unless otherwise noted)
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6.9 Typical Characteristics (continued)
Ta = 25°C, fsampLe = 1 MSPS, fsc k = 16 MHz, and fjy = 40.2 kHz (unless otherwise noted)
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6.9 Typical Characteristics (continued)

Ta = 25°C, fsampLe = 1 MSPS, fsc k = 16 MHz, and fjy = 40.2 kHz (unless otherwise noted)

6-32. THD vs Temperature
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6-33. Power Consumption vs SCLK
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7 Detailed Description
7.1 Overview

The ADC128S102-SEP is a small, eight-channel, multiplexed, 12-bit, successive-approximation register analog-
to-digital converter (SAR ADC) designed around a charge redistribution digital-to-analog converter (DAC). In
addition to having 8 input channels, the ADC128S102-SEP can operate at sampling rates up to 1 MSPS.

The device provides an SPI-compatible serial interface.

7.2 Functional Block Diagram

INO

MUX

IN7

ADC128S102

7.3 Feature Description

T/H

AGND

7.3.1 ADC128S102-SEP Transfer Function

The output format of the ADC128S102-SEP is straight binary. Code transitions occur midway between
successive integer LSB values. The LSB width for the ADC128S102-SEP is V5 / 4096. [X]| 7-1 illustrates the ideal

12-BIT ——— Va
SUCCESSIVE
APPROXIMATION
ADC —— AGND
— Vp
44— SCLK
CONTROL < cs
LOGIC 44— DIN
— DOUT
—— DGND

transfer characteristic. The transition from an output code of 0000 0000 0000 to a code of 0000 0000 0001 is at

1/2 LSB, or a voltage of V5 / 8192. Other code transitions occur at steps of one LSB.
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A

111...111 —

111..110 —
[ ]
[ ]
[ ]

111...000 —
(

g 1LSB = V/4096
011...111 —

ADC CODE

[ ] —

[ ]

° —
000...010 —
000...001 —

000...000 I W T >

ov 0.5LSB +Va - 1.5LSB
ANALOG INPUT

B 7-1. Ideal Transfer Characteristic

7.3.2 Analog Inputs

7-2 shows an equivalent circuit for one of the input channels of the ADC128S102-SEP. Diodes D1 and D2
provide ESD protection for the analog inputs. The operating range for the analog inputs is 0 V to V. Going
beyond this range causes the ESD diodes to conduct and results in erratic operation.

Capacitor C1in [X| 7-2 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-and-hold switch and is typically 500 Q. Capacitor C2 is the
ADC128S102-SEP sampling capacitor, and is typically 30 pF. The ADC128S102-SEP delivers best performance
when driven by a low-impedance source (less than 100 Q). This source is especially important when using the
ADC128S102-SEP to sample dynamic signals. Also important when sampling dynamic signals is a band-pass or
low-pass filter, which reduces harmonics and noise in the input. These filters are often referred to as antialiasing
filters.

Va

c2

o—WV—J—----

Vin

Conversion Phase - Switch Open
Track Phase - Switch Closed

E] 7-2. Equivalent Input Circuit

7.3.3 Digital Inputs and Outputs

The digital inputs of the ADC1285102-SEP (SCLK, CS, and DIN) have an operating range of 0 V to Va. The
inputs are not prone to latch-up and can be asserted before the digital supply (Vp) without any risk. The digital
output (DOUT) operating range is controlled by Vp. The output high voltage is Vp — 0.5 V (minimum) when the
output low voltage is 0.4 V (maximum).
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7.3.4 Radiation Environments

Careful consideration must be given to environmental conditions when using a product in a radiation
environment.

7.3.4.1 Total lonizing Dose

Testing and qualification of these products is done on a wafer level according to MIL-STD-883G, Test Method
1019.7. Testing is done according to condition A and the extended room temperature anneal test described in
section 3.11 for application environment dose rates less than 51.61 rad(Si)/s. Wafer level TID data are available
with lot shipments.

7.3.4.2 Single Event Latch-Up

One-time single event latch-up (SEL) was preformed according to EIA/JEDEC Standard, EIA/JJEDEC57. The
linear energy transfer threshold (LETy,) shown in the 77/ section is the maximum LET tested. A test report is
available upon request.

7.4 Device Functional Modes
7.4.1 ADC128S102-SEP Operation

Simplified schematics of the ADC128S102-SEP in both track and hold operation are provided in [X| 7-3 and [X|
7-4, respectively. In 7-3, the ADC128S102-SEP is in track mode: switch SW1 connects the sampling
capacitor to one of eight analog input channels through the multiplexer, and SW2 balances the comparator
inputs. The ADC1285102-SEP is in this state for the first three SCLK cycles after CS is brought low.

INO —
—_ CHARGE
— REDISTRIBUTION
—_— MUX DAC
- SAMPLING
- ] CAPACITOR
— | |
IN?7 —— Swi | I - CONTROL
SW2 - LOGIC
AGND o
VA/2
7-3. ADC128S102-SEP in Track Mode
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7-4 shows the ADC128S102-SEP 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 or subtract fixed amounts of charge to or from 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 ADC128S102-SEP is in this state for the last 13 SCLK cycles
after CS is brought low.

INO —
| CHARGE
—_ REDISTRIBUTION
| DAC
MUX
SAMPLING
— CAPACITOR
— |
IN7 ——— SWi I I ¢ + CONTROL
LOGIC
SW2 )
AGND o
Vp /2

B 7-4. ADC128S102-SEP in Hold Mode

7.5 Programming
7.5.1 Serial Interface

An operational timing diagram and a serial interface timing diagram for the ADC128S102-SEP are illustrated in
the Timing Diagrams section. CS, chip select, 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 to be written to the control register
are placed on DIN, the serial data input pin. New data are 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 DOUT pin is in a high-impedance state when CS is high
and is active when CS is low. CS is asynchronous and therefore functions as an output enable. Similarly, SCLK
is internally gated off when TS is brought high.

During the first three SCLK cycles, the ADC is in track mode, acquiring the input voltage. For the next 13 SCLK
cycles the conversion is accomplished and the data are clocked out. SCLK falling edges 1 through 4 clock out
leading zeros and falling edges 5 through 16 clock out the conversion result, MSB first. If there is more than one
conversion in a frame (continuous conversion mode), the ADC re-enters track mode on the SCLK falling edge
after the N x 16th SCLK rising edge and re-enters the hold/convert mode on the N x 16 + 4th SCLK falling edge.
N is an integer value.

The ADC128S102-SEP enters track mode under three different conditions. In 6-1, CS goes low with SCLK
high and the ADC enters track mode on the first SCLK falling edge. In the second condition, CS goes low with
SCLK low. Under this condition, the ADC automatically enters track mode and the CS falling edge is taken as the
first SCLK falling edge. In the third condition, CS and SCLK go low simultaneously and the ADC enters track
mode. Although there is no timing restriction with respect to the falling edges of CS and SCLK, see [% 6-3 for
setup and hold time requirements for the CS falling edge with respect to the SCLK rising edge.
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During each conversion, data are clocked into a control register through the DIN pin on the first eight SCLK
rising edges after the fall of CS. As given in % 7-1, & 7-2, and # 7-3, the control register is loaded with data
indicating the input channel to be converted on the subsequent conversion.

Although the ADC128S102-SEP can acquire the input signal to full resolution in the first conversion immediately
following power up, the first conversion result after power up is that of a randomly selected channel. Therefore,
incorporate a dummy conversion to set the required channel to be used on the subsequent conversion.

£+ 7-1. Control Register Bits

BIT 7 (MSB) BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
DONTC DONTC ADD2 ADD1 ADDO DONTC DONTC DONTC
# 7-2. Control Register Bit Descriptions

BIT SYMBOL DESCRIPTION

7,6,2,1,0 |[DONTC Don't care. The values of these bits do not affect the device.

5 ADD2 These three bits determine which input channel is sampled and converted at the next conversion cycle. The

4 ADDA1 mapping between codes and channels is given in % 7-3.

3 ADDO

£ 7-3. Input Channel Selection

ADD2 ADD1 ADDO INPUT CHANNEL
0 0 0 INO
0 0 1 IN1
0 1 0 IN2
0 1 1 IN3
1 0 0 IN4
1 0 1 INS
1 1 0 ING
1 1 1 IN7
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The ADC128S102-SEP is a low-power, eight-channel, 12-bit ADC with specified performance specifications from
50 kSPS to 1 MSPS. The ADC128S102-SEP can be used at sample rates below 50 kSPS by powering the
device down (deasserting CS) in between conversions. The Electrical Characteristics table highlights the clock
frequency where ADC performance is specified. There is no limitation on periods of time for shutdown between
conversions.

8.2 Typical Application

8-1 shows a typical application block diagram. The split analog and digital supply pins are both powered in
this example by the Texas Instruments' LP2950-N low-dropout voltage regulator. The analog supply is bypassed
with a capacitor network located close to the ADC128S102-SEP. The digital supply is separated from the analog
supply by an isolation resistor and bypassed with additional capacitors. The ADC1285102-SEP uses the analog
supply (V,) as its reference voltage; thus, V5 must be kept as clean as possible. Because of the low power
requirements of the ADC1285102-SEP, a precision reference can also be used as a power supply.

510

Tt L. — 1.1,
vV v v v o

0.1 uF

220 Vo Va .
INPUTO—'\/\/\;F INO SC% -
— - CS |«
1nF = - ADC1285102 M'CROPSSOF?ESSOR
— - DIN |«
g i DOUT >
AGND DGND

v v

B 8-1. Typical Application Circuit

8.2.1 Design Requirements

A positive-supply-only data acquisition (DAQ) system is capable of digitizing up to eight single-ended input
signals ranging from 0 V to 5 V with BW = 10 kHz and a throughput up to 500 kSPS. The ADC128S102-SEP
must interface to an MCU whose supply is set at 5 V. To interface with an MCU that operates at 3.3 V or lower,
V and Vp must be separated and care must be taken to ensure that V, is powered before Vp.
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8.2.2 Detailed Design Procedure

The signal range requirement forces the design to use a 5-V analog supply at V,, the analog supply. This
requirement stems from the fact that V, is also a reference potential for the ADC. If the requirement of
interfacing to the MCU changes to 3.3 V, the Vp supply voltage must also change to 3.3 V. The maximum
sampling rate of the ADC128S102-SEP when all channels (eight) are enabled is fg = fsg k / (16 x 8).

Faster sampling rates can be achieved when fewer channels are sampled. A single channel can be sampled at
the maximum rate of fg (single) = fsc x / 16.

The V4 and Vp pins are separated by a 51-Q resistor to minimize digital noise from corrupting the analog
reference input. If additional filtering is required, the resistor can be replaced by a ferrite bead, thus achieving a
second-order filter response. Further noise consideration can be provided to the SPI interface, especially when
the controller MCU is capable of producing fast rising edges on the digital bus signals. Inserting small
resistances in the digital signal path can help reduce ground bounce, and thus improve overall noise
performance of the system. Care must be taken when the signal source is capable of producing voltages beyond
Va. In such instances, the internal ESD diodes can start conducting. The ESD diodes are not intended as input
signal clamps. To provide the desired clamping action, use Schottky diodes.

8.2.3 Application Curve

12.0

V,=Vp=3.0

ENOB (BITS)

V,=Vp=5.0

11.0
50 25 0 25 50 75 100 125

TEMPERATURE (°C)
8-2. ENOB vs Temperature
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9 Power Supply Recommendations

There are three major power supply concerns with this product: power-supply sequencing, power management,
and the effect of digital supply noise on the analog supply.

9.1 Power-Supply Sequence

The ADC128S102-SEP is a dual-supply device. The two supply pins share ESD resources, so care must be
exercised to ensure that power is applied in the correct sequence. To avoid turning on the ESD diodes, the
digital supply (Vp) cannot exceed the analog supply (Va) by more than 300 mV. Therefore, V5 must ramp up
before or concurrently with Vp.

9.2 Power Management

The ADC1285102-SEP is fully powered up when CS is low and is fully powered down when CS is high, with one
exception. If operating in continuous conversion mode, the ADC128S102-SEP automatically enters power-down
mode between the 16th SCLK falling edge of a conversion and the 1st SCLK falling edge of the subsequent
conversion (see [X| 6-1).

In continuous conversion mode, the ADC128S102-SEP can perform multiple conversions back to back. Each
conversion requires 16 SCLK cycles and the ADC128S102-SEP performs conversions continuously as long as
CS is held low. Continuous mode offers maximum throughput.

In burst mode, throughput can be traded off for power consumption by performing fewer conversions per unit
time. In other words, more time is spent in power-down mode and less time is spent in normal mode. By using
this technique, very low sample rates can be achieved while still using an SCLK frequency within the electrical
specifications. To calculate the power consumption (Pc), simply multiply the fraction of time spent in normal
mode (ty) by the normal mode power consumption (Py), as shown in X 1, and add the fraction of time spent in
shutdown mode (tg) multiplied by the shutdown mode power consumption (Ps).

PC = tN X PN + tS X PS
ty +tg ty +1g (1)

9.3 Power-Supply Noise Considerations

The charging of any output load capacitance requires current from the digital supply, Vp. The current pulses
required from the supply to charge the output capacitance cause voltage variations on the digital supply. If these
variations are large enough, they can degrade SNR and SINAD performance of the ADC. Furthermore, if the
analog and digital supplies are tied directly together, the noise on the digital supply is coupled directly into the
analog supply, causing greater performance degradation than noise alone causes on the digital supply. Similarly,
discharging the output capacitance when the digital output goes from a logic high to a logic low dumps current
into the die substrate, which is resistive. Load discharge currents cause ground bounce noise in the substrate
that degrades noise performance if that current is large enough. The larger the output capacitance, the more
current flows through the die substrate and the greater the noise coupled into the analog channel.

The first solution to keeping digital noise out of the analog supply is to decouple the analog and digital supplies
from each other or use separate supplies for them. To keep noise out of the digital 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 resistor limits the charge and discharge
current of the output capacitance and improves noise performance. Because the series resistor and the load
capacitance form a low-frequency pole, verify signal integrity when the series resistor is added.
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10 Layout

10.1 Layout Guidelines

Capacitive coupling between the noisy digital circuitry and the sensitive analog circuitry can lead to poor
performance. The solution is to keep the analog circuitry separated from the digital circuitry and the clock line as
short as possible.

Digital circuits create substantial supply and ground current transients. The logic noise generated can have
significant impact upon system noise performance. To avoid performance degradation of the ADC128S102-SEP
resulting from supply noise, do not use the same supply for the ADC128S102-SEP that is used for digital logic.

Generally, analog and digital lines cross each other at 90° to avoid crosstalk. However, to maximize accuracy in
high-resolution systems, avoid crossing analog and digital lines altogether. Clock lines must be kept as short as
possible and isolated from all other lines, including other digital lines. In addition, the clock line must be treated
as a transmission line and be properly terminated.

Isolate the analog input from noisy signal traces to avoid coupling of spurious signals into the input. Any external
component (for example, a filter capacitor) connected between the converter input pins and ground or to the
reference input pin and ground must be connected to a very clean point in the ground plane.

Use a single, uniform ground plane and split power planes. The power planes must be located within the same
board layer. Place all analog circuitry (input amplifiers, filters, reference components, and so forth) over the
analog power plane. Place all digital circuitry and I/O lines over the digital power plane. Furthermore, all
components in the reference circuitry and the input signal chain that are connected to ground must be connected
together with short traces and enter the analog ground plane at a single, quiet point.

10.2 Layout Example

ANALOG
SUPPLY
RAIL

“DIGITAL” SUPPLY RAIL

to analog

signal sources

VIA to GROUND PLANE

GROUND PLANE

10-1. Layout Diagram
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11 Device and Documentation Support
11.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates 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.
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11.3 Trademarks

SPI™ and QSPI™ are trademarks of Motorola, Inc..

TI E2E™ is a trademark of Texas Instruments.

MICROWIRE® is a registered trademark of Texas Instruments.
TRCOBEEIL, FNENOEEICRBLET,

11.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
A 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.

11.5 Glossary

TI Glossary This glossary lists and explains terms, acronyms, and definitions.

12 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.

12.1 Engineering Samples

Engineering samples are available for order and are identified by MPR in the orderable device name (see
Packaging Information at the end of this document). Engineering (MPR) samples meet the performance
specifications of the data sheet at room temperature only and have not received the full space production flow or
testing. Engineering samples may be QCI rejects that failed tests that do not impact the performance at room
temperature, such as radiation or reliability testing.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
ADC128S102PWTSEP ACTIVE TSSOP PW 16 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -551t0 125 1285102

@ 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

® 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 a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

© Lead finish/Ball material - Orderable Devices 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.

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
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e 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 O OO 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
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)
ADC128S102PWTSEP | TSSOP PW 16 250 178.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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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)
ADC128S102PWTSEP TSSOP PW 16 250 208.0 191.0 35.0
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14X
1] e
— S e
— —
2X
51 —/ 1
4.9
—] —
—] —
o
Y — =
9 t
._J-i 45 16X 030

4.3 y
@ To10 [c[ATe]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/A 02/2017

NOTES:

1. 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-153.

(G20 w N
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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220204/A 02/2017

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

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

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

4220204/A 02/2017

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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