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ADS9110 18-Bit, 2-MSPS, 15-mW, SAR ADC with multiSPI™ Interface

1 Features

e Sample Rate: 2 MSPS
* No Latency Output
» Excellent DC and AC Performance:
— INL: £0.5 LSB (Typ), +1.5 LSB (Max)
— DNL: £0.75 LSB (Max), 18-Bit NMC
— SNR: 100 dB
— THD: -118 dB
e Wide Input Range:
— Unipolar Differential Input Range: +Vger

— Vgee Input Range: 25Vto 5V,
Independent of AVDD

* Low-Power Dissipation:
— 9 mW at 2 MSPS (AVDD Only)
— 15 mW at 2 MSPS (Total)

— Flexible Low-Power Modes Enable Power
Scaling with Throughput

multiSPIl: Enhanced Serial Interface
* JESD8-7A-Compliant Digital 1/0 at 1.8-V DVDD

» Fully-Specified Over Industrial Temperature
Range: —40°C to +85°C
e Small Footprint: 4-mm x 4-mm VQFN

2 Applications

* Test and Measurement

e Medical Imaging

» High-Precision, High-Speed Industrial

3 Description

The ADS9110 is an 18-bit, 2-MSPS, successive
approximation register (SAR) analog-to-digital
converter (ADC) with £0.5-LSB INL and 100-dB SNR
specifications under typical operating conditions. The
high throughput enables developers to oversample
the input signal to improve dynamic range and
accuracy of the measurement.

The device supports unipolar, fully-differential analog
input signals and operates with a 2.5-V to 5-V
external reference, offering a wide selection of input
ranges without additional input scaling.

The device consumes only 15 mW of power when
operating at the full 2-MSPS throughput. Power
consumption at lower throughputs can be reduced by
using the flexible low-power modes (NAP and PD).

The integrated multiSPI serial interface is backward-
compatible to the traditional SPI™ protocol.
Additionally, configurable features simplify board
layout, timing, and firmware and achieve high
throughput at lower clock speeds, thus allowing easy
interface with a variety of microcontrollers, digital
signal processors (DSPs), and field-programmable
gate arrays (FPGASs).

The device supports JESD8-7A compliant 1/Os, the
standard industrial temperature range, and is offered
in a space-saving, 4-mm x 4-mm, VQFN package.

Device Information
PACKAGE BODY SIZE (NOM)
VQFN (24) 4.00 mm x 4.00 mm

PART NUMBER
ADS9110

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

and Functions

RGE Package
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Pin Functions
PIN
NAME NO. FUNCTION DESCRIPTION
AINM 10 Analog input Negative analog input
AINP 9 Analog input Positive analog input
AVDD 13,14 Power supply Analog power supply for the device
L Conversion start input pin for the device.
CONVST 1 Digital input A CONVST rising edge brings the device from ACQ state to CNV state.
o Chip-select input pin for the device; active low
Cs 24 Digital input The device takes control of the data bus when CS is low.
The SDO-x pins go to tri-state when CS is high.
DVDD 16 Power supply Interface supply
GND 11, 15 Power supply Ground
NC 3,6, 12 No connection These pins must be left floating with no external connection
REFM 4,8 Analog input Reference ground potential
REFP 57 Analog input Reference voltage input
5= P Asynchronous reset input pin for the device.
RST 2 Digital input A low pulse on the RST pin resets the device and all register bits return to their default state.
Multi-function output pin for the device.
RVS 21 Digital output With CS held high, RVS reflects the status of the internal ADCST signal.
With CS low, the status of RVS depends on the output protocol selection.
L Clock input pin for the serial interface.
SCLK 23 Digital input All system-synchronous data transfer protocols are timed with respect to the SCLK signal.
P Serial data input pin for the device.
Sbi 22 Digital input This pin is used to feed the data or command into the device.
SDO-0 20 Digital output Serial communication: data output O
SDO-1 19 Digital output Serial communication: data output 1
SDO-2 18 Digital output Serial communication: data output 2
SDO-3 17 Digital output Serial communication: data output 3
Thermal pad Supply Exposed thermal pad; connecting this pin to GND is recommended
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6 Specifications

6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
AVDD to GND -0.3 2.1 \%
DVDD to GND -0.3 21 \%
REFP to REFM -0.3 5.5 \Y
REFM to GND -0.1 0.1 \%
Analog (AINP, AINM) to GND -0.3 REFP + 0.3 v
Digital input (RST, CONVST, CS, SCLK, SDI) to GND -0.3 DVDD + 0.3 \%
Digital output (RVS, SDO-0, SDO-1, SDO-2, SDO-3) to GND -0.3 DVDD + 0.3 \%
Operating temperature, Tp —40 85 °C
Storage temperature, Tgyq -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.

6.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000

Vieso) Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 @ +500 v
(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)

MIN NOM MAX UNIT
AVDD Analog supply voltage 1.8 \%
DVDD Digital supply voltage 1.8 \%
REFP Positive reference 5 \%
6.4 Thermal Information

ADS9110
THERMAL METRIC® RGE (VQFN) UNITS
24 PINS

Rgja Junction-to-ambient thermal resistance 31.9 °C/IW
Rauc(top) Junction-to-case (top) thermal resistance 29.9 °C/IW
Raig Junction-to-board thermal resistance 8.9 °C/IW
Wit Junction-to-top characterization parameter 0.3 °C/IW
Wig Junction-to-board characterization parameter 8.9 °C/IW
Raic(bot) Junction-to-case (bottom) thermal resistance 2.0 °C/IW

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

All specifications are for AVDD = 1.8 V, DVDD = 1.8 V, Vger = 5V, and foara = 2 MSPS, unless otherwise noted.
All minimum and maximum specifications are for T, = —40°C to +85°C. All typical values are at T, = 25°C.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
ANALOG INPUT
FSR ?AUIILISDCEIE;:RI?/IIJ;({?nge —VRer VREF Y,
Vi el g onD) Veer+01) v
Veu &m*g%‘m;’ oltage range (Veer /2) =01 Vegr/2 (Veer/2)+0.1|  V
. In sample mode 60
Cin Input capacitance pF
In hold mode 4
m Input leakage current +1 HA
VOLTAGE REFERENCE INPUT
VRer Reference input voltage range 25 5 \%
Average current, VRegg =5V,
IRer Reference input current 2-kHz, full-scale input, 1.25 mA
throughput = 2 MSPS
DC ACCURACY
Resolution 18 Bits
NMC No missing codes 18 Bits
o In LSBs -15 050 15| LSB®
INL Integral nonlinearity
In ppm 5.7 +2 5.7 ppm
DNL Differential nonlinearity -0.75  +0.4@ 0.75| LsSB®
Eqo) Input offset error -1 +0.05@ 1| mv
dVos/dT  Input offset thermal drift 1 pv/eC
Ge Gain error -0.01 +0.005@ 0.01| %FS
Gg/dT Gain error thermal drift 0.25 ppm/°C
Transition noise 0.9 LsB®
CMRR Common-mode rejection ratio At dc to 20 kHz 80 dB
AC ACCURACY®
fin = 2 kHz 98 99.9
SINAD Signal-to-noise + distortion fin = 100 kHz 95.4 dB
fin = 500 kHz 89
fin = 2 kHz 98.1 100
SNR Signal-to-noise ratio fin = 100 kHz 95.5 dB
fin = 500 kHz 89.3
fin = 2 kHz -118
THD Total harmonic distortion® fiy = 100 kHz -111 dB
fin = 500 kHz -101
fin = 2 kHz 123
SFDR Spurious-free dynamic range fin = 100 kHz 116 dB
fin = 500 kHz 106

(1) Ideal input span, does not include gain or offset errors.
(2) See Figure 9, Figure 10, Figure 25, and Figure 26 for statistical distribution data for INL, DNL, offset, and gain error parameters.
(3) LSB = least-significant bit. 1 LSB at 18 bits is approximately 3.8 ppm.
(4) All specifications expressed in decibels (dB) refer to the full-scale input (FSR) and are tested with an input signal 0.1 dB below full-scale,

unless

otherwise specified.

(5) Calculated on the first nine harmonics of the input frequency.
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Electrical Characteristics (continued)

All specifications are for AVDD = 1.8 V, DVDD = 1.8V, Vgee =5V, and fpara = 2 MSPS, unless otherwise noted.
All minimum and maximum specifications are for T, = —40°C to +85°C. All typical values are at T, = 25°C.

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX | UNIT

DIGITAL INPUTS®

Viy High-level input voltage 0.65 DVDD DvDD + 0.3 \%

Vi Low-level input voltage -0.3 0.35 DVDD \%

DIGITAL OUTPUTS®

Vou High-level output voltage lon = 2-mA source DVDD - 0.45 \%

VoL Low-level output voltage lon = 2-mA sink 0.45 \%

POWER SUPPLY

AVDD Analog supply voltage 1.65 1.8 1.95 \%

DVDD Digital supply voltage 1.65 1.8 1.95 \%
Active, fastest throughput 5 6.25 A

DD AVDD supply current Static, ACQ state 3.7

(AVDD =1.8 V) Low-power, NAP mode 500 A

Power-down, PD state 1
Active, fastest throughput 9 11.25 W

Py AVDD power dissipation Static, ACQ state 6.6

(AVDD =1.8 V) Low-power, NAP mode 900 W

Power-down, PD state 1.8

TEMPERATURE RANGE

Ta Operating free-air temperature -40 85 °C

(6) As per the JESD8-7A standard. Specified by design; not production tested.
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6.6 Timing Requirements: Conversion Cycle

All specifications are for AVDD = 1.8 V, DVDD = 1.8 V, Vger = 5V, and foara = 2 MSPS, unless otherwise noted.
All minimum and maximum specifications are for T, = —40°C to +85°C. All typical values are at T, = 25°C. See Figure 1.

| MIN TYP MAX UNIT
TIMING REQUIREMENTS
feycle Sampling frequency 2 MHz
teycle ADC cycle time period 500 ns
twh_convsT Pulse duration: CONVST high 30 ns
twi_convsT Pulse duration: CONVST low 30 ns
tacq Acquisition time 150 ns
tqt_acq Quiet acquisition time ® 25 ns
t4_cnveap Quiet aperture time® 10 ns
TIMING SPECIFICATIONS
teonv Conversion time | 300 340 ns

(1) See Figure 48.

6.7 Timing Requirements: Asynchronous Reset, NAP, and PD

All specifications are for AVDD = 1.8 V, DVDD = 1.8 V, Vgege =5V, and fpara = 2 MSPS, unless otherwise noted.
All minimum and maximum specifications are for T, = —40°C to +85°C. All typical values are at T, = 25°C. See Figure 2 and
Figure 3.

| MIN TYP MAX|  UNIT
TIMING REQUIREMENTS
twi RST Pulse duration: RST low | 100 | ns
TIMING SPECIFICATIONS
ty_rst Delay time: RST rising to RVS rising 1250 us
thap_wkup Wake-up time: NAP mode 300 ns
tpwRUP Power-up time: PD mode 250 us

6.8 Timing Requirements: SPI-Compatible Serial Interface

All specifications are for AVDD = 1.8 V, DVDD = 1.8 V, Vgegr = 5V, and fpara = 2 MSPS, unless otherwise noted.
All minimum and maximum specifications are for T, = —40°C to +85°C. All typical values are at T, = 25°C. See Figure 4.

| MIN TYP MAX UNIT
TIMING REQUIREMENTS
fok Serial clock frequency 75 MHz
toik Serial clock time period 13.33 ns
toh ck SCLK high time 0.45 0.55 tolk
tol ck SCLK low time 0.45 0.55 tolk
tsu_csck Setup time: CS falling to the first SCLK capture edge 5 ns
tsu_ckol Setup time: SDI data valid to the SCLK capture edge 1.2 ns
the_ckoi Hold time: SCLK capture edge to (previous) data valid on SDI 0.65 ns
the ckes Delay time: last SCLK falling to CS rising 5 ns
TIMING SPECIFICATIONS
tgen csDO Delay time: CS falling to data enable 4.5 ns
t4z_cspo Delay time: CS rising to SDO going to 3-state 10 ns
ty_ckoo Delay time: SCLK launch edge to (next) data valid on SDO 6.5 ns
ty_csroy f Delay time: CS falling to RVS falling 5 ns

Delay time: After NOP operation 10

fa_csRDY.r CS rising to RVS rising After WR or RD operation 70 ns
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6.9 Timing Requirements: Source-Synchronous Serial Interface (External Clock)

All specifications are for AVDD = 1.8 V, DVDD = 1.8 V, Vger = 5V, and foara = 2 MSPS, unless otherwise noted.
All minimum and maximum specifications are for T, = —40°C to +85°C. All typical values are at T, = 25°C. See Figure 5.

| MIN TYP MAX|  UNIT
TIMING REQUIREMENTS
fok Serial clock frequency 100 MHz
tok Serial clock time period 10 ns
TIMING SPECIFICATIONS®
t4_CKSTR r Delay time: SCLK launch edge to RVS rising 8.5 ns
t4_CKSTR f Delay time: SCLK launch edge to RVS falling 8.5 ns
toff STRDO,_ Time offset: RVS rising to (next) data valid on SDO -0.5 0.5 ns
toff STRDO r Time offset: RVS falling to (next) data valid on SDO -0.5 0.5 ns

(1) Other parameters are the same as the Timing Requirements: SPI-Compatible Serial Interface table.

6.10 Timing Requirements: Source-Synchronous Serial Interface (Internal Clock)

All specifications are for AVDD = 1.8 V, DVDD = 1.8 V, Vgege = 5V, and fpara = 2 MSPS, unless otherwise noted.
All minimum and maximum specifications are for T, = —40°C to +85°C. All typical values are at T, = 25°C. See Figure 6.

| MIN TYP MAX|  UNIT
TIMING SPECIFICATIONS®
t4_cssTr Delay time: CS falling to RVS rising 12 40 ns
toff STRDO_f Time offset: RVS rising to (next) data valid on SDO -0.5 0.5 ns
toff STRDO 1 Time offset: RVS falling to (next) data valid on SDO -0.5 0.5 ns
INTCLK option 9.9 111
tsTR Strobe output time period INTCLK / 2 option 19.8 22.2 ns
INTCLK / 4 option 39.6 44.4
toh_sTR Strobe output high time 0.45 0.55 tsTrR
to STR Strobe output low time 0.45 0.55 tsTrR

(1) Other parameters are the same as the Timing Requirements: SPI-Compatible Serial Interface table.
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Sample Sample
S S+1
ﬁ—twh_CONVST—F: l<—twl CONVST_’:
| ! |
/ I L\ VI .
CONVST : :\- NN NS \—\i\ :
:: | tc cle :
) ) N |
;: Lconv_max By 'i ) ;
;‘ Lconv’ < | lacq 'i
F—tconv_min—’: I : :
| |
' '/' 7 7 \
ADCST (Internal) 1 /_/ _/ :
| |
le——CNV (C):—N<—|—ACQ (C+1)———>!
|
: | ! |
__ ] T T |
CS | | ! |
| | ! |
| | ! |
| | ! |
— ST T \
|
RVS : /l / a, :
| |
| |
Figure 1. Conversion Cycle Timing Diagram
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Figure 2. Asynchronous Reset Timing Diagram
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Sample Sample
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Figure 3. NAP Mode Timing Diagram
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(1) The SCLK polarity, launch edge, and capture edge depend on the SPI protocol selected.
Figure 4. SPI-Compatible Serial Interface Timing Diagram
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Figure 5. Source-Synchronous Serial Interface Timing Diagram (External Clock)
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Figure 6. Source-Synchronous Serial Interface Timing Diagram (Internal Clock)
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6.11 Typical Characteristics

At T, = 25°C, AVDD = 1.8V, DVDD = 1.8V, Vger =5V, and fgaypLe = 2 MSPS, unless otherwise noted.
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Figure 11. INL vs Temperature Figure 12. DNL vs Temperature
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Typical Characteristics (continued)
At T, = 25°C, AVDD = 1.8V, DVDD =1.8V, Vggr =5V, and fgaype = 2 MSPS, unless otherwise noted.
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Figure 13. INL vs Reference Voltage Figure 14. DNL vs Reference Voltage
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Typical Characteristics (continued)

At T, = 25°C, AVDD = 1.8V, DVDD =1.8V, Vggr =5V, and fgaype = 2 MSPS, unless otherwise noted.
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Figure 21. Noise Performance vs Reference Voltage
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Figure 22. Distortion Performance vs Reference Voltage
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Figure 23. Noise Performance vs Input Frequency Figure 24. Distortion Performance vs Input Frequency
14 Submit Documentation Feedback Copyright © 2015, Texas Instruments Incorporated

Product Folder Links: ADS9110


http://www.ti.com/product/ads9110?qgpn=ads9110
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS629A&partnum=ADS9110
http://www.ti.com/product/ads9110?qgpn=ads9110

13 TEXAS
INSTRUMENTS

www.ti.com

ADS9110
SBAS629A —OCTOBER 2015-REVISED OCTOBER 2015

Typical Characteristics (continued)

At TA = 250C, AVDD =1.8 V, DVDD =1.8 V, VREF =5 V, and fSAMPLE

= 2 MSPS, unless otherwise noted.
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Typical Characteristics (continued)
At T, = 25°C, AVDD = 1.8V, DVDD =1.8V, Vggr =5V, and fgaype = 2 MSPS, unless otherwise noted.
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7 Detailed Description

7.1 Overview

The ADS9110 is a high-speed, successive approximation register (SAR), analog-to-digital converter (ADC) based
on the charge redistribution architecture. This compact device features high performance at a high throughput
rate and at low power consumption.

The ADS9110 supports unipolar, fully-differential analog input signals and operates with a 2.5-V to 5-V external
reference, offering a wide selection of input ranges without additional input scaling.

When a conversion is initiated, the differential input between the AINP and AINM pins is sampled on the internal
capacitor array. The ADS9110 uses an internal clock to perform conversions. During the conversion process,
both analog inputs are disconnected from the internal circuit. At the end of conversion process, the device
reconnects the sampling capacitors to the AINP and AINM pins and enters acquisition phase.

The device consumes only 15 mW of power when operating at the full 2-MSPS throughput. Power consumption
at lower throughputs can be reduced by using the flexible low-power modes (NAP and PD).

The new multiSPI interface simplifies board layout, timing, and firmware, and achieves high throughput at lower
clock speeds, thus allowing easy interface to a variety of microprocessors, digital signal processors (DSPs), and
field-programmable gate arrays (FPGAS).

7.2 Functional Block Diagram

From a functional perspective, the device comprises of two modules: the converter module and the interface
module, as shown in Figure 36.

The converter module samples and converts the analog input into an equivalent digital output code whereas the
interface module facilitates communication and data transfer with the host controller.

REFP AVDD DVDD

()

0

RST
CONVST
cs
SCLK
SDI
SDO-0
SDO-1
SDO-2
SDO-3
RVS

AINP
Interface Module

Converter Module

AINM

N /

REFM GND

Figure 36. Functional Block Diagram
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7.3 Feature Description

7.3.1 Converter Module

As shown in Figure 37, the converter module samples the analog input signal (provided between the AINP and
AINM pins), compares this signal with the reference voltage (provided between the pair of REFP and REFM
pins), and generates an equivalent digital output code.

The converter module receives RST and CONVST inputs from the interface module and outputs the ADCST
signal and the conversion result back to the interface module.

REFP AVDD DVDD
) )
) )
F-——-- RST
osc S CONVST
1!
RST L (S:(S:LK
-
AINP Sample- CONvST | | SDI
and-Hold ADCST Interface SDO-0
AINM Circuit N Modul
ADC W odule SDO-1
Conversion SDO-2
Result SDO-3
AGND RVS
Converter Module
V/ DGND
e e
REFM GND

Figure 37. Converter Module

7.3.1.1 Sample-and-Hold Circuit

The device supports unipolar, fully-differential analog input signals. Figure 38 shows a small-signal equivalent
circuit of the sample-and-hold circuit. Each sampling switch is represented by a resistance (Rg; and R, typically
30 Q) in series with an ideal switch (sw; and sws). The sampling capacitors, Cy; and Cg,, are typically 60 pF.

Device in Hold Mode Rs1 SW1

AINP O , ’ ¢ AVAVAY,
4 pILL L
REFP Ca1
4 pF Cor GND
KD ]
AINN © T + GND | AVAVAY
Rs2

SW»

S.

Figure 38. Input Sampling Stage Equivalent Circuit

During the acquisition process (in ACQ state), both positive and negative inputs are individually sampled on Cq;
and Cg,, respectively. During the conversion process (in CNV state), the device converts for the voltage
difference between the two sampled values: Vanp — Vainw-

Each analog input pin has electrostatic discharge (ESD) protection diodes to REFP and GND. Keep the analog
inputs within the specified range to avoid turning the diodes on.
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Feature Description (continued)

Equation 1 and Equation 2 show the full-scale voltage range (FSR) and common-mode voltage range (Vcw)
supported at the analog inputs for any external reference voltage (Vggr).

FSR = i_VREF (1)

Vewm =[VR2EF jio.l Y%

@

7.3.1.2 External Reference Source

The input range for the device is set by the external voltage applied at the two REFP pins. The REFM pins
function as the reference ground and must be connected to each reference capacitor.

The device takes very little static current from the reference pins in the RST and ACQ states. During the
conversion process (in CNV state), binary-weighted capacitors are switched onto the reference pins. The
switching frequency is proportional to the conversion clock frequency, but the dynamic charge requirements are
a function of the absolute values of the input voltage and the reference voltage. Reference capacitors decouple
the dynamic reference loads and a low-impedance reference driver is required to keep the voltage regulated to
within 1 LSB.

Most reference sources have very high broadband noise. Tl recommends filtering the voltage reference source
with a 160-Hz filter before being connected to the reference driver, as shown in Figure 39. See the ADC
Reference Driver section for reference capacitor and driver selection. Also, the reference inputs are sensitive to
board layout; thus, the layout guidelines described in the Layout section must be followed.

I
I
I

QTE REFM | Device
CREF I
I
I

RRrer FLT —
Voltage 1ko N
AV B
Reference Buffer 5) REFP
Crer pir —L .
1uF =7 N =
[ 6 I m
~ = =
7 N R P
CREF
10 uF
|-+
Crer N
10 pF

Figure 39. Reference Driver Schematic

7.3.1.3 Internal Oscillator

The device features an internal oscillator (OSC) that provides the conversion clock; see Figure 37. Conversion
duration can vary but is bounded by the minimum and maximum value of t.,, as specified in the Timing
Requirements: Conversion Cycle table.

The interface module can use this internal clock (OSC) or an external clock (provided by the host controller on
the SCLK pin) or a combination of the internal and external clocks for executing the data transfer operations
between the device and host controller; see the Interface Module section for more details.
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Feature Description (continued)

7.3.1.4 ADC Transfer Function

The ADS9110 supports unipolar, fully-differential analog inputs. The device output is in twos compliment format.
Figure 40 and Table 1 show the ideal transfer characteristics for the device.

The LSB for the ADC is given by Equation 3:

FSR V,
1 LSB = T = 2>< %
2 2
©)
1FFFF
<
[}
=
3
8 00000
O
Q  3FFFF
<
20001
20000 Vin
—Vrer -1LSB 0 Vrer
+1LSB —-1LSB
Differential Analog Input
(AINP — AINN)
Figure 40. Differential Transfer Characteristics
Table 1. Transfer Characteristics
DIFFERENTIAL ANALOG INPUT VOLTAGE OUTPUT CODE
(AINP — AINM) (Hex)
< —VRer 20000
—~Vger + 1LSB 20001
-1LSB 3FFFF
0 00000
1LSB 00001
> Vger — 1 LSB 1FFFF
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7.3.2 Interface Module

The interface module facilitates the communication and data transfer between the device and the host controller.
As shown in Figure 41, the module comprises of shift registers (both input and output), configuration registers,
and a protocol unit.

Interface Module

Shift Registers o
RST
Output Shift Register (OSR)
CONVST
D19 | D18 | ————— | D1 | DO o
CS
N 20 Bits >
SCLK
le 20 Bits >l _
S SDI
Converter Module B19 | B18 | ————— | B1 | BO £
& SDO-0
Input Shift Register (ISR)
{} SDO-1

SDO-2
| Command Processor |

SCLK SDO-3
% ; Counter RVS

| Configuration Registers |

Figure 41. Interface Module

The Pin Configuration and Functions section provides descriptions of the interface pins; the Data Transfer Frame
section details the functions of shift registers, the SCLK counter, and the command processor; the Data Transfer
Protocols section details supported protocols; and the Register Maps section explains the configuration registers
and bit settings.
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7.4 Device Functional Modes

As shown in Figure 42, the device supports three functional states: RST, ACQ, and CNV. The device state is
determined by the status of the CONVST and RST control signals provided by the host controller.

Power Up

CONVST Rising Edge RST Rising Edge

End of Conversion

RST Falling Edge

Figure 42. Device Functional States

7.4.1 RST State

In the ADS9110, the RST pin is an asynchronous digital input. To enter RST state, the host controller must pull
the RST pin low and keep it low for the t,; rst duration (as specified in the Timing Requirements: Asynchronous
Reset, NAP, and PD table).

In RST state, all configuration registers (see the Register Maps section) are reset to their default values, the RVS
pins remain low, and the SDO-x pins are tri-stated.

To exit RST state, the host controller must pull the RST pin high with CONVST and SCLK held low and CS held
high, as shown in Figure 43. After a delay of ty s, the device enters ACQ state and the RVS pin goes high.

___________ \ | | /___
Convst } ______ \} }/___
1 | i
- A - -
S - v S
| | |
| | |
ok VTV TV |
LN I\ YN I\ I\ N |
| | |
| | |
_____ [ | /—
Rvs i—\ i , //};
| | |
| |
. TV TV N 1
SPOX NN T\
|
|

Figure 43. Asynchronous Reset

To operate the device in any of the other two states (ACQ or CNV), RST must be held high. With RST held high,
transitions on the CONVST pin determine the functional state of the device.
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Device Functional Modes (continued)

Figure 44 shows a typical conversion process. An internal signal, ADCST, goes low during conversion and goes
high at the end of conversion. With CS held high, RVS reflects the status of ADCST.

Sample Sample

S S+1

\ \ \

ﬁ—twh_CONVST—Fl H—tw\_CONVST—N‘

| ! | |

/ TN Y Y Y e
CONVST | }\_ AN AN N WAV }\ |

\

< >
< + >
< Leonv_max »
< >
< >

1
lacq

|
ADCST (Internal) \: Y \

ACQ (C+1)——

v\ ST h

Figure 44. Typical Conversion Process

7.4.2 ACQ State

In ACQ state, the device acquires the analog input signal. The device enters ACQ state on power-up, after any
asynchronous reset, or after end of every conversion.

An RST falling edge takes the device from an ACQ state to a RST state. A CONVST rising edge takes the
device from an ACQ state to a CNV state.

The device offers a low-power NAP mode to reduce power consumption in the ACQ state; see the NAP Mode
section for more details on NAP mode.

7.4.3 CNV State

The device moves from ACQ state to CNV state on a rising edge of the CONVST pin. The conversion process
uses an internal clock and the device ignores any further transitions on the CONVST signal until the ongoing
conversion is complete (that is, during the time interval of t,,,)-

At the end of conversion, the device enters ACQ state. The cycle time for the device is given by Equation 4:

tcycle-min = tconv + tacq-min

(4)

NOTE
The conversion time, t.,,, can vary within the specified limits of t.ony min @Nd teony max (@S
specified in the Timing Requirements: Conversion Cycle table). After initiating a
conversion, the host controller must monitor for a low-to-high transition on the RVS pin or
wait for the t..n, max duration to elapse before initiating a new operation (data transfer or
conversion). If RVS is not monitored, substitute t.q,, in Equation 4 with t.ony max-

Copyright © 2015, Texas Instruments Incorporated Submit Documentation Feedback 23
Product Folder Links: ADS9110


http://www.ti.com/product/ads9110?qgpn=ads9110
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SBAS629A&partnum=ADS9110
http://www.ti.com/product/ads9110?qgpn=ads9110

13 TEXAS
INSTRUMENTS
ADS9110

SBAS629A —OCTOBER 2015—REVISED OCTOBER 2015 www.ti.com

7.5 Programming

The device features four configuration registers (as described in the Register Maps section) and supports two
types of data transfer operations: data write (the host configures the device), and data read (the host reads data
from the device).

To access the internal configuration registers, the device supports the commands listed in Table 2.

Table 2. Supported Commands

OPCODE B[19:0] COMMAND ACRONYM COMMAND DESCRIPTION
0000_0000_0000_0000_0000 NOP No operation
1001_<8-bit address>_0000_0000 RD_REG Read contents from the <8-bit address>
1010_<8-bit address>_<8-bit data> WR_REG Write <8-bit data> to the <8-bit address>
1111 1111 1111 1111 1111 NOP No operation
Remaining combinations Reserved -(Ij—g\?i?:?e (;c;n:g%r;(lsraa:irgnreserved and treated by the

In the ADS9110, any data write to the device is always synchronous to the external clock provided on the SCLK
pin. The data read from the device can be synchronized to the same external clock or to an internal clock of the
device by programming the configuration registers (see the Data Transfer Protocols section for details).

In any data transfer frame, the contents of an internal, 20-bit, output data word are shifted out on the SDO pins.
The D[19:2] bits of the 20-bit output data word for any frame (F+1), are determined by the:

» Settings of the DATA_ PATNJ[2:0] bits applicable to frame F+1 (see the DATA CNTL register) and
 Command issued in frame F

If a valid RD_REG command is executed in frame F, then the D[19:12] bits in frame F+1 reflect the contents of
the selected register and the D[11:0] bits are Os.

If the DATA_PATN[2:0] bits for frame F+1 are set to 1xxb, then the D[19:2] bits in frame F+1 are the fixed data
pattern shown in Figure 45.

For all other combinations, the D[19:2] bits for frame F+1 are the latest conversion result.

A valid RG_READ command is Output
received in the previous frame. Data Word
D[19:0]
D19
000 Register Data S D18
RRO0Oh
001 ;
Conversion D[19:2]
Result 010
011
00000h 100
3FFFFh 101
15555h 110 D3
03333h 111 D2
D1
Parity Computation Unit
DATA_PATN [2:0] DO
Figure 45. Output Data Word (D[19:0])
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Figure 46 shows further details of the parity computation unit illustrated in Figure 45.

Output Data Word
D[19:0]

Parity Computation Unit

D19

D18

XOR 2
D17
D16
XOR
D15
D14
D13

D12
XOR
D11

D10

D9

> ) o

D7

D6

XOR

D5

D4

D3

D2

FLPAR D1 |« ( @ é
FTPAR DO .
A
11
e 16 MSBs
10
L# MUX 12 MSBs
01
8 MSBs
00
4 MSBs
PAR_EN FPAR_LOC[1:0]

Figure 46. Parity Bits Computation

With the PAR_EN bit set to 0, the D[1] and D[0] bits of the output data word are set to 0 (default configuration).

When the PAR_EN bit is set to 1, the device calculates the parity bits (FLPAR and FTPAR) and appends them
as bits D[1] and D[0].

* FLPAR is the even parity calculated on bits D[19:2].

* FTPAR is the even parity calculated on the bits defined by FPAR_LOC[1:0].

See the DATA_CNTL register for more details on the FPAR_LOCJ1:0] bit settings.
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7.5.1 Data Transfer Frame

A data transfer frame between the device and the host controller is bounded between a CS falling edge and the
subsequent CS rising edge. The host controller can initiate a data transfer frame (as shown in Figure 47) at any
time irrespective of the status of the CONVST signal; however, the data read during such a data transfer frame is
a function of relative timing between the CONVST and CS signals.

Frame F

CONVST

_\\

—

|
l
RVS !
|
|

| \

| I\
| [
| |

|
As per output protocol @f

e - 14 Rvs

SCLK i/\/\ /\/\:

N SCLKs

Valid Command

SDI

X

SDO-x

X

OSR Contents>t_;_/_

SCLK Counter SCLK Counter
0 N
Output Data Word Input Shift Register (ISR)
D19 _—- DO B19 _—- BO
D19 _—- DO D19 _—- DO

Output Shift Register (OSR)

Command Processor

Figure 47. Data Transfer Frame

For this discussion, assume that the CONVST signal remains low.

For a typical data transfer frame F:

1. The host controller pulls CS low to initiate a data transfer frame. On the CS falling edge:
— RVS goes low, indicating the beginning of the data transfer frame.
— The SCLK counter is reset to 0.
— The device takes control of the data bus. As shown in Figure 47, the 20-bit contents of the output data
word (see Figure 45) are loaded in to the 20-bit OSR (see Figure 41).
— The 20-bit ISR (see Figure 41) is reset to 00000h, corresponding to a NOP command.
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2. During the frame, the host controller provides clocks on the SCLK pin:

— On each SCLK capture edge, the SCLK counter is incremented and the data bit received on the SDI pin
is shifted in to the ISR.

— On each launch edge of the output clock (SCLK in this case), OSR data are shifted out on the selected
SDO-x pins.

— The status of the RVS pin depends on the output protocol selection (see the Protocols for Reading From
the Device section).

3. The host controller pulls CS high to end the data transfer frame. On the CS rising edge:
— The SDO-x pins go to tri-state.
— RVS goes high (after a delay of ty rys).

— As illustrated in Figure 47, the 20-bit contents of the ISR are transferred to the command processor (see
Figure 41) for decoding and further action.

After pulling CS high, the host controller must monitor for a low-to-high transition on the RVS pin or wait for the
ty rys time (see the Timing Requirements: SPI-Compatible Serial Interface table) to elapse before initiating a new
operation (data transfer or conversion). The delay, ty rys, for any data transfer frame F varies based on the data
transfer operation executed in the frame F. N

At the end of the data transfer frame F:

» If the SCLK counter is < 20, then the device treats the frame F as a short data transfer frame. The output
data bits transferred during such a short data transfer frame are still valid data; however, the device ignores
the data received over the SDI pin (similar to a no operation command). The host controller can use these
short data transfer frames to read only the required number of MSB bits from the 20-bit output data word.

» If the SCLK counter = 20, then the device treats the frame F as a optimal data transfer frame. At the end of
an optimal data transfer frame, the command processor treats the 20-bit contents of the ISR as a valid
command word.

» If the SCLK counter > 20, then the device treats the frame F as a long data transfer frame. At the end of a
long data transfer frame, the command processor treats the 20-bit contents of the ISR as a valid command
word. There is no restriction on the maximum number of clocks that can be provided within any data transfer
frame F. However, when the host controller provides a long data transfer frame, the last 20 bits shifted into
the device prior to the CS rising edge must constitute the desired command.

NOTE
This example shows a data transfer synchronous to the external clock provided on the
SCLK pin. The device also supports data transfer operations that are synchronous to the
internal clock; see the Protocols for Reading From the Device section for more details.
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7.5.2 Interleaving Conversion Cycles and Data Transfer Frames

The host controller can operate the ADS9110 at the desired throughput by interleaving the conversion cycles and
the data transfer frames.

The cycle time of the device, ty. e, is the time difference between two consecutive CONVST rising edges
provided by the host controller. The response time of the device, t.sp, is the time difference between the host
controller initiating a conversion C and the host controller receiving the complete result for conversion C.

Figure 48 shows three conversion cycles, C, C+1, and C+2. Conversion C is initiated by a CONVST rising edge
at the t = O time and the conversion result becomes available for data transfer at the t,,, time. However, this
result is loaded into the OSR only on the subsequent CS falling edge. This CS falling edge must be provided
before the completion of the conversion C+1 (that is, before the teyce + teony time).

To achieve the rated performance specifications, the host controller must ensure that no digital signals toggle
during the quiet acquisition time (ty acq) and quiet aperture time (g cnycap). ANy noise during ty cnycap Can
negatively affect the result of the ongoing conversion whereas any noise during ty ,cq Can negatively affect the
result of the subsequent conversion.

Sample Sample Sample
S S+1 S+2

[

[
tdJ:nvcap 4’: :‘7

[

|
tgtacg —>1 €

CONVST /_\ [ h /I[ 4\ i h

B

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
Zone2 :
|
|
|
|
|

ADCST ! 1\
(Internal) _\\— S /-\?\- J\—/i
|
|
|
|
|
|
|

|
T |
| |
| |
| |
| |
: : Conversion
| |

C+2

Conversion
«— —>
C+1

Conversion

Figure 48. Data Transfer Zones

This architecture allows for two distinct time zones (zonel and zone2) to transfer data for each conversion.
Zonel and zone2 for conversion C are defined in Table 3.

Table 3. Data Transfer Zones Timing

ZONE STARTING TIME ENDING TIME
Zonel for conversion C tconv tcycle _tqt_acq
Zone?2 for conversion C tcycle + td_cnvcap t(:ycle + tcycle _tqt_acq

The response time includes the conversion time and the data transfer time, and is thus a function of the data
transfer zone selected.
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Figure 49 and Figure 50 illustrate interleaving of three conversion cycles (C, C+1, and C+2) with three data

transfer frames (F, F+1, and F+2) in zonel and in zone2, respectively.

Sample Sample Sample
S S+1 S+2
o

o

Leycle tdJ:nvt:ap —> :‘7

|

CONVST /;/_\ h /_\ r—\

ADCST
(Internal) | | |
| ! | | | |
! | Zonel | | Zonel ! I Zonel
I } Cc | | C+1 | | C+2
! Conversion ! Conversion ! ! Conversion !
I Cc ! I C+1 I I C+2 I
| | |
| , Frame 1, Frame 1, Frame
| F L P2
— t | | | | A\ I/
cs } \\ /\ } \\ /\ } ) |
} | | } | | } | |
| } } TN‘ :‘7 tread-z1 | } }
» ; N 1 1
SDo | e ! ! !
i (e ) { C+1 ) c+2
| n_~ / "/
|
1
: AWA N AWAE
; 1 ! !
|
t=0
Figure 49. Zonel Data Transfer
Sample Sample Sample
S S+1 S+2
| | | [ |
| | | [ |
r toycle ! } td_cnveap ‘”‘ "‘* }
| ! | | o |
S A L tatacg - !
|
l ; N | N A | N
CONVST | | |
| - | t | t
| ! | | | |
| ! | | | |
e TN N N T
(Internal) ‘ | ) } ) } )
| T | T | T
! Zone2, ! Zone2| ! Zone2!
| C } | C+1 | C+2
| | | | |
} Conversion } } Conversion } } Conversion }
oc ‘ oo oo
|
} Frame Frame Frame
Lo F | | F+1 | | F+2 |
|
_ - — — —
cs U { ) {
[ | | | | |
| L T |
; M
h I

Figure 50. Zone2 Data Transfer
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To achieve cycle time, teyqe, the read time in zonel is given by Equation 5:
tread-Zl < tcycle - tconv - tqt_acq (5)
For an optimal data transfer frame, Equation 5 results in an SCLK frequency given by Equation 6:
20
fsck =
tread—Zl (6)
Then, the zonel data transfer achieves a response time defined by Equation 7:
tresp—Zl—min = tconv + tread—ZJ 7

As an example, while operating the ADS9110 at its full throughput of 2 MSPS, the host controller can achieve a
response time of 1 us provided that the data transfer in zonel is completed within 135 ns. However, to achieve
this response time, the SCLK frequency must be greater than 148 MHz.

Note that the device does not support such high SCLK speeds. At lower SCLK speeds, taq.71 iNncreases,
resulting in slower response times and higher cycle times.

To achieve the same cycle time, t.yqe, the read time in zone2 is given by Equation 8:

tread—ZZ < tcycle - td_cnvcap - tqt_acq (8)
For an optimal data transfer frame, Equation 8 results in an SCLK frequency given by Equation 9:
20
fsck 2 n
read_Z2 9)

Then, the zone2 data transfer achieves a response time defined by Equation 10:
tresp-ZZ-min = tcycle + td_cnvcap + tread-ZZ (10)

As an example, the host controller can operate the ADS9110 at its full throughput of 2 MSPS using zone2 data
transfer with a 43 MHz SCLK (and a read time of 465 ns). However, zone2 data transfer will result in response
time of nearly 2 ps.

Any increase in t.,q4.7> iNCreases response time and can increase cycle time.

For a given cycle time, the zonel data transfer clearly achieves faster response time but also requires a higher
SCLK speed (as evident from Equation 5, Equation 6, and Equation 7), whereas the zone2 data transfer clearly
requires a lower SCLK speed but supports slower response time (as evident from Equation 8, Equation 9, and
Equation 10).

NOTE
In zone2, the data transfer is active when the device is converting for the next analog
sample. This digital activity can interfere with the ongoing conversion and cause some
degradation in SNR performance.

Additionally, a data transfer frame can begin in zonel and then extend into zone2;
however, the host controller must ensure that no digital transitions occur during the ty acq
and ty_cnveap time intervals.
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7.5.3 Data Transfer Protocols

The device features a multiSPI interface that allows the host controller to operate at slower SCLK speeds and
still achieve the required cycle time with a faster response time. The multiSPI interface module offers two options
to reduce the SCLK speed required for data transfer:

1. An option to increase the width of the output data bus

2. An option to enable double data rate (DDR) transfer

These two options can be combined to achieve further reduction in SCLK speed.

Figure 51 shows the delays between the host controller and the device in a typical serial communication.

Digital Isolator

Device Host Controller

(Optional)
tpcb7CK
SCLK | |_ '; SCLK
(O f N O
t | )
td_ckdo :<—td_|so—| tsun
! | SN
I
N SDI
SDO-0 l_td |so_’|
o
toch_spo

Figure 51. Delays in Serial Communication

The total delay in the path is given by Equation 11:
td_total_serial = tpcb_CK + td_iso + td_ckdo + td_iso + tpcb_SDO + tsu_h (11)
In a standard SPI protocol, the host controller and the device launch and capture data bits on alternate SCLK

edges. Therefore, the ty ol serial delay must be kept less than half of the SCLK duration. Equation 12 shows the
fastest clock allowed by the SPI protocol.

1
fospr <o ———
X1ty total-serial (12)

Larger values of the ty (al serial delay restrict the maximum SCLK speed for the SPI protocol, resulting in higher
read and response times, and can increase cycle times. To remove this restriction on the SCLK speed, the
multiSPI interface module supports an ADC-master or source-synchronous mode of operation.

Digital Isolator

Device (Optional) Host Controller
toch_ck
SCLK - _|_| SCLK
A O ' ol O
t ! |
ty_ckdo SDO-0 |<—td7|so—|
N ) — N
ta_ckstr | | SDI
|_td7|30_>|
tuff strdo I | tSLLh
I tpctLSDL) v
Lol \ gl /
RVS I—td |so—>I
|
tpch?V::

Figure 52. Delays in Source-Synchronous Communication
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As illustrated in Figure 52, in ADC-master or source-synchronous mode, the device provides a synchronous
output clock (on the RVS pin) along with the output data (on the SDO-x pins).

For a source-synchronous data transfer, the total delay in the path is given by Equation 13:
td_total_srcsync = tpcb_RVS - tpcb_SDO + tsu_h (13)

As illustrated in Equation 11 and Equation 13, the ADC-master or source-synchronous mode completely
eliminates the affect of isolator delays and the clock-to-data delays, which are typically the largest contributors in
the overall delay computation.

Furthermore,' t_he actual valugs of tyep rvs and toch_spo do not matter. In most cases, the ty otal_srcsync delay can be
kept at a minimum by routing the RVS and SDO lines together on the PCB. Therefore, the ADC-master or
source-synchronous mode allows the host controller and device to operate at much higher SCLK speeds.

7.5.3.1 Protocols for Configuring the Device

As shown in Table 4, the host controller can use any of the four legacy, SPIl-compatible protocols (SPI-00-S,
SPI-01-S, SPI-10-S, or SPI-11-S) to write data in to the device.

Table 4. SPI Protocols for Configuring the Device

PROTOCOL ( A?CCLSKF';O“';S?&) (ggg;t'ﬁ FZHQEE) SDI_CNTL SDO_CNTL DIAGRAM
SPI-00-S Low Rising 00h 00h Figure 53
SPI-01-S Low Falling 01lh 00h Figure 54
SPI-10-S High Falling 02h 00h Figure 55
SPI-11-S High Rising 03h 00h Figure 56

On power-up or after coming out of any asynchronous reset, the device supports the SPI-00-S protocol for data
read and data write operations.

To select a different SPI-compatible protocol, program the SDI_MODE[1:0] bits in the SDI_CNTL register. This
first write operation must adhere to the SPI-00-S protocol. Any subsequent data transfer frames must adhere to
the newly selected protocol.

Figure 53, Figure 54, Figure 55, and Figure 56 detail the four protocols using an optimal, 20-SCLK frame; see
the Timing Requirements: SPI-Compatible Serial Interface section for associated timing parameters.

NOTE
As explained in the Data Transfer Frame section, a valid write operation to the device
requires a minimum of 20 SCLKs to be provided within a data transfer frame.
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cs cs
SCLK 4N\ A\ A W SCLK W VRN

SDI B1o X B18 X B17 B1 X BO SDI B19 ¥ B8 B1 X BO

RVS RVS

Figure 53. SPI-00-S Protocol, 20 SCLKs Figure 54. SPI-01-S Protocol, 20 SCLKs

CS CS

s UL U AVANFAVAY S
SDI B19 B18 B17 Bl BO SDI B19 B18 B2 Bl BO

RVS RVS

Figure 55. SPI-10-S Protocol, 20 SCLKs Figure 56. SPI-11-S Protocol, 20 SCLKs

7.5.3.2 Protocols for Reading From the Device

The protocols for the data read operation can be broadly classified into three categories:
1. Legacy, SPI-compatible (SPI-xy-S) protocols,

2. SPI-compatible protocols with bus width options (SPI-xy-D and SPI-xy-Q), and

3. Source-synchronous (SRC) protocols

7.5.3.2.1 Legacy, SPI-Compatible (SYS-xy-S) Protocols

As shown in Table 5, the host controller can use any of the four legacy, SPI-compatible protocols (SPI-00-S, SPI-
01-S, SPI-10-S, or SPI-11-S) to read data from the device.

Table 5. SPI Protocols for Reading From the Device

SCLK POLARITY
P : SCLK PHASE MSB BIT
PROTOCOL (At (I:E?j;a)llmg (Capture Edge) | LAUNCH EDGE SDI_CNTL SDO_CNTL DIAGRAM
SPI-00-S Low Rising CS falling 00h 00h Figure 57
SPI-01-S Low Falling 15 SCLK rising 01lh 00h Figure 58
SPI-10-S High Falling CS falling 02h 00h Figure 59
SPI-11-S High Rising 15! SCLK falling 03h 00h Figure 60

On power-up or after coming out of any asynchronous reset, the device supports the SPI-00-S protocol for data

read and data write operations. To select a different SPI-compatible protocol for both the data transfer

operations:

1. Program the SDI_MODE[1:0] bits in the SDI_CNTL register. This first write operation must adhere to the SPI-
00-S protocol. Any subsequent data transfer frames must adhere to the newly selected protocol.

2. Set the SDO_MODE[1:0] bits = 00b in the SDO_CNTL register.

When using any of the SPI-compatible protocols, the RVS output remains low throughout the data transfer frame;
see the Timing Requirements: SPI-Compatible Serial Interface table for associated timing parameters.
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Figure 57, Figure 58, Figure 59, and Figure 60 explain the details of the four protocols using an optimal, 20-
SCLK frame. As explained in the Data Transfer Frame section, the host controller can use a short data transfer
frame to read only the required number of MSB bits from the 20-bit output data word.

With SDO_CNTL[7:0] = 00h, if the host controller uses a long data transfer frame, the device exhibits daisy-chain
operation (see the Multiple Devices: Daisy-Chain Topology section).

g \ D19 / g \ /
D19 D18 D1 DO
SCLK 4\ A\ £ _\_/_\_/_\_ SCLK /N /N / N/ \
D19 D18 D17 DO
SDO-0 D19 D18 m SDO-0 —\M D19 X D18 X X D1

RVS  \ /ol rRis T\ Yo

Figure 57. SPI-00-S Protocol, 20 SCLKs Figure 58. SPI-01-S Protocol, 20 SCLKs
~= D19 ==
cs _\ /_ Cs _\ /—
D19 D18 D17 D1 DO D19 D18 D17 D1 DO
SCLK \ /\ /\ _/_\_/_\_/— SCLK \ 7\ /\ LN\ AN\ A
D18 D17 D1 DO D19 D18 D2 D1 DO

SDO-0 D19 D18 m SDO-0 —\_o/< D19 X D18 X X D2 X D1
RVS \ /_ RVS \ /

Figure 59. SPI-10-S Protocol, 20 SCLKs Figure 60. SPI-11-S Protocol, 20 SCLKs

7.5.3.2.2 SPI-Compatible Protocols with Bus Width Options

The device provides an option to increase the SDO bus width from one bit (default, single SDO) to two bits (dual
SDO) or to four bits (quad SDO) when operating with any of the four legacy, SPI-compatible protocols.

Set the SDO_WIDTH]J1:0] bits in the SDO_CNTL register to select the SDO bus width.

In dual SDO mode (SDO_WIDTH[1:0] = 10b), two bits of data are launched on the two SDO pins (SDO-0 and
SDO-1) on every SCLK launch edge.

In quad SDO mode (SDO_WIDTH[1:0] = 11b), four bits of data are launched on the four SDO pins (SDO-0,
SDO-1, SDO-2, and SDO-3) on every SCLK launch edge.

The SCLK launch edge depends upon the SPI protocol selection (as shown in Table 6).

Table 6. SPI-Compatible Protocols with Bus Width Options

PROTOCOL S?&%%‘:%ﬁi‘? SOLKPHASE || MSBBIT | spicNtL | SDOCNTL |  DIAGRAM
SPI-00-D Low Rising CS falling 00h 08h Figure 61
SPI-01-D Low Falling First SCLK rising 01lh 08h Figure 62
SPI-10-D High Falling CS falling 02h 08h Figure 63
SPI-11-D High Rising First SCLK falling 03h 08h Figure 64
SPI-00-Q Low Rising CS falling 00h 0Ch Figure 65
SPI-01-Q Low Falling First SCLK rising 01h 0Ch Figure 66
SPI-10-Q High Falling CS falling 02h 0Ch Figure 67
SPI-11-Q High Rising First SCLK falling 03h 0Ch Figure 68
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When using any of the SPI-compatible protocols, the RVS output remains low throughout the data transfer frame.

Figure 61 to Figure 68 illustrate how the wider data bus allows the host controller to read all 20 bits of the output
data word using short data transfer frames; see the Timing Requirements: SPI-Compatible Serial Interface table
for associated timing parameters.

NOTE
With SDO_CNTL[7:0] # 00h, a long data transfer frame does not result in daisy-chain
operation.

5\ =\ —
AN s AN NN

>

RVS

V=
Figure 61. SPI-00-D Protocol
=\ [~ = S
001 T s001 ——— o (0w
5000 o Yo (5} 2 — so00 —— o
/| rys

RVS

SCLK 4\ A \ 7/ \ SCLK /N / 0\ /\
SDO-3 D19 D15 SDO-3 o /b1 X p15 D7 m
SDO-2 D18 D14 SDO-2 o / pis X D14 D6 ﬂ
SDO-1 D17 D13 SDO-1 o { p17 X p13 D5 a
SDO-0 D16 D12 SDO-0 o /b6 X D12 D4 ﬂ
RVS \ / RVS — \ vy

Figure 65. SPI-00-Q Protocol Figure 66. SPI-01-Q Protocol
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Figure 67. SPI-10-Q Protocol

SCLK

SDO-3

SDO-2

SDO-1

SDO-0

RVS

— —

0 D16 D12 D4 m

Figure 68. SPI-11-Q Protocol

7.5.3.2.3 Source-Synchronous (SRC) Protocols

As described in the Data Transfer Protocols section, the multiSPI interface supports an ADC-master or source-
synchronous mode of data transfer between the device and host controller. In this mode, the device provides an
output clock that is synchronous with the output data. Furthermore, the host controller can also select the output
clock source, data bus width, and data transfer rate.

7.5.3.2.3.1 Output Clock Source Options with SRC Protocols

In all SRC protocols, the RVS pin provides the output clock. The device allows this output clock to be
synchronous to either the external clock provided on the SCLK pin or to the internal clock of the device.
Furthermore, this internal clock can be divided by a factor of two or four to lower the data rates.

As shown in Figure 69, set the SSYNC_CLK_SELJ[1:0] bits in the SDO_CNTL register to select the output clock

source.
-
() scik
osc
00
INTCLK o1
Output Clock
INTCLK / 2 <> RVS
5 | 10
L=
1 INTCLK / 4 11 (
L4 ] =%
SSYNC_CLK_SEL [1:0]
Figure 69. Output Clock Source options with SRC Protocols
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7.5.3.2.3.2 Bus Width Options with SRC Protocols

The device provides an option to increase the SDO bus width from one bit (default, single SDO) to two bits (dual
SDO) or to four bits (quad SDO) when operating with any of the SRC protocols. Set the SDO_WIDTHJ[1:0] bits in
the SDO_CNTL register to select the SDO bus width.

In dual SDO mode (SDO_WIDTH[1:0] = 10b), two bits of data are launched on the two SDO pins (SDO-0 and
SDO-1) on every SCLK rising edge.

In quad SDO mode (SDO_WIDTH[1:0] = 11b), four bits of data are launched on the four SDO pins (SDO-0,
SDO-1, SDO-2, and SDO-3) on every SCLK rising edge.

7.5.3.2.3.3 Output Data Rate Options with SRC Protocols

The device provides an option to transfer the data to the host controller at single data rate (default, SDR) or at
double data rate (DDR). Set the DATA_RATE bit in the SDO_CNTL register to select the data transfer rate.

In SDR mode (DATA_RATE = 0b), the RVS pin toggles from low to high and the output data bits are launched
on the SDO pins on the output clock rising edge.

In DDR mode (DTA_RATE = 1b), the RVS pin toggles and the output data bits are launched on the SDO pins on
every output clock edge, starting with the first rising edge.

The device supports all 24 combinations of output clock source, bus width, and output data rate, as shown in
Table 7.

Table 7. SRC Protocol Combinations

PROTOCOL OUTSP(;JJRCCLEOCK BUS WIDTH OUTPR%TI.EDATA SDI_CNTL SDO_CNTL DIAGRAM
SRC-EXT-SS SCLK Single SDR 03h Figure 70
SRC-INT-SS INTCLK Single SDR 43h
SRC-IB2-SS INTCLK / 2 Single SDR 83h Figure 71
SRC-IB4-SS INTCLK / 4 Single SDR C3h
SRC-EXT-DS SCLK Dual SDR 0Bh Figure 74
SRC-INT-DS INTCLK Dual SDR 4Bh
SRC-IB2-DS INTCLK / 2 Dual SDR 8Bh Figure 75
SRC-IB4-DS INTCLK / 4 Dual SDR CBh
SRC-EXT-QS SCLK Quad SDR OFh Figure 78
SRC-INT-QS INTCLK Quad SDR 4Fh
SRC-IB2-QS INTCLK / 2 Quad SDR 8Fh Figure 79
SRC-IB4-QS INTCLK / 4 Quad SDR 00h, O1h, CFh
SRC-EXT-SD SCLK Single DDR 02h, or 03h 13h Figure 72
SRC-INT-SD INTCLK Single DDR 53h
SRC-IB2-SD INTCLK / 2 Single DDR 93h Figure 73
SRC-IB4-SD INTCLK / 4 Single DDR D3h
SRC-EXT-DD SCLK Dual DDR 1Bh Figure 76
SRC-INT-DD INTCLK Dual DDR 5Bh
SRC-1B2-DD INTCLK / 2 Dual DDR 9Bh Figure 77
SRC-1B4-DD INTCLK / 4 Dual DDR DBh
SRC-EXT-QD SCLK Quad DDR 1Fh Figure 80
SRC-INT-QD INTCLK Quad DDR 5Fh
SRC-1B2-QD INTCLK / 2 Quad DDR 9Fh Figure 81
SRC-1B4-QD INTCLK / 4 Quad DDR DFh
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cs \ / cs \ /
SCLK AN A\ /A 0\ A\ A\ SCLK
D19 D18 D17 D1 DO

Figure 70. SRC-EXT-SS: SRC, SCLK, Single SDO, SDR Figure 71. SRC-INT-SS: SRC, INTCLK, Single SDO, SDR

< N\ /s N\ /S
D18 D2 Do
SCLK £ \ A \ A X SCLK
D19 D17 D1
s00-0 (o3 X2 ) (o)X (o0 )— | spo0 (oa (o2 ) (o)X 20 )

Figure 72. SRC-EXT-SD: SRC, SCLK, Single SDO, DDR Figure 73. SRC-INT-SD: SRC, INTCLK, Single SDO, DDR
=\ S s\ /a
SCLK f\f\;‘\ A\ A\ SCLK

Figure 74. SRC-EXT-DS: SRC, SCLK, Dual SDO, SDR Figure 75. SRC-INT-DS: SRC, INTCLK, Dual SDO, SDR
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Figure 76. SRC-EXT-DD: SRC, SCLK, Dual SDO, DDR Figure 77. SRC-INT-DD: SRC, INTCLK, Dual SDO, DDR
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Figure 78. SRC-EXT-QS: SRC, SCLK, Quad SDO, SDR Figure 79. SRC-INT-QS: SRC, INTCLK, Quad SDO, SDR

SCLK SCLK

I A A W
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Figure 80. SRC-EXT-QD: SRC, SCLK, Quad SDO, DDR Figure 81. SRC-INT-QD: SRC, INTCLK, Quad SDO, DDR
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7.5.4 Device Setup

The multiSPI interface and the device configuration registers offer multiple operation modes. This section
describes how to select the hardware connection topology to meet different system requirements.

7.5.4.1 Single Device: All multiSPI Options

Figure 82 shows the connections between a host controller and a stand-alone device to exercise all options
provided by the multiSPI interface.

DVDD
Isolation
(Optional)

RST
CONVST

cs
SCLK

1
T
|
T
|
|
SDI I
Device I
I
|
|
1
T
|
T

SDO-0 Controller

SDO-1
SDO-2

SDO-3

RVS

|
1
I
|
T
|
|
I Host
I
I
|
|
1
I

Figure 82. MultiSPI Interface, All Pins

7.5.4.2 Single Device: Minimum Pins for a Standard SPI Interface
Figure 83 shows the minimum-pin interface for applications using a standard SPI protocol.

DVDD

Isolation
(Optional)
RT—L ————— —_—_—, _(Optiona)) |

CONVST —T —————

cs|
SCLK
SDI
SDO-0

Host

Device
Controller

SDO-1
SDO-2
SDO-3

RVS|F-=—=—=—-—-

- — —|— |-+ +

Figure 83. SPI Interface, Minimum Pins

The CS, SCLK, SDI, and SDO-0 pins constitute a standard SPI port of the host controller. The CONVST pin can
be tied to CS, or can be controlled independently for additional timing flexibility. The RST pin can be tied to
DVDD. The RVS pin can be monitored for timing benefits. The SDO-1, SDO-2, and SDO-3 pins have no external
connections.
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7.5.4.3 Multiple Devices: Daisy-Chain Topology
A typical connection diagram showing multiple devices in a daisy-chain topology is shown in Figure 84.

CONVST CS SCLK SDO

Host Controller

SDI

Isolation

——————n

(Optional)

S

by
I

by

CONVST

C
SCLK
SDI

Device-1

SDO-0 |—

RVS —
CONVST

SCLK

SDI —

SDO-0

Device-2

Rvs | |

Y

CONVST

sDI —
SDO-0
RVS |—

%) 4

)

© °

a
Device-N

Figure 84. Daisy-Chain Connection Schematic

The CONVST, CS, and SCLK inputs of all devices are connected together and controlled by a single CONVST,
CS, and SCLK pin of the host controller, respectively. The SDI input pin of the first device in the chain (Device-1)
is connected to the SDO pin of the host controller, the SDO-0 output pin of Device-1 is connected to the SDI
input pin of Device-2, and so forth. The SDO-0 output pin of the last device in the chain (Device-N) is connected
to the SDI pin of the host controller.

To operate multiple devices in a daisy-chain topology, the host controller must program the configuration
registers in each device with identical values and must operate with any of the legacy, SPI-compatible protocols
for data read and data write operations (SDO_CNT[7:0] = 00h). With these configurations settings, the 20-bit
OSR and 20-bit ISR registers collapse to form a single, 20-bit unified shift register (USR), as shown in Figure 85.

w

-~

DB19

DB18 |[— — — — —-

DB1

DBO

SDI

Unified Shift Register

SCLK

Interface Module

SDO-0

N

Figure 85. Unified Shift Register Schematic

Host Controller
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All devices in the daisy-chain topology sample their analog input signals on the CONVST rising edge. The data
transfer frame starts with a CS falling edge. On each SCLK launch edge, every device in the chain shifts out the
MSB of its USR on to its SDO-0 pin. On every SCLK capture edge, each device in the chain shifts in data
received on its SDI pin as the LSB bit of its USR. Therefore, in a daisy-chain configuration, the host controller
receives the data of Device-N, followed by the data of Device-N-1, and so forth (in MSB-first fashion). On the CS
rising edge, each device decodes the contents in its USR and takes appropriate action.

A typical timing diagram for three devices connected in daisy-chain topology and using the SPI-00-S protocol is
shown in Figure 86.

cs \ /
SCLK 41\ A _\WWM

Configuration Data Device -1

{SD%HDOIS}I Bs9 X B58 :X Ba1 X 40 X B39 X B38 :X s21 X 820 X B19 X B18 :X BL X B0 i

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

{SD{gDO&i 18)1 {D1}, X {DO0}, X B59 XESS :X B41 X B40 X B39 XEas :X B21 X B20 i

{SD{gI-JOIt 18)2 D1 X (DO, X{Dlgh)@h:x 01} X (DO}, X B59 XE :X B41 X B4 |

,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figure 86. Three Devices in Daisy-Chain Mode Timing Diagram

For N devices connected in daisy-chain topology, an optimal data transfer frame must contain 20 x N SCLK
capture edges. For a longer data transfer frame, the host controller must appropriately align the configuration
data for each device before bringing CS high. A shorter data transfer frame can result in an erroneous device
configuration, and must be avoided.

Note that the overall throughput of the system is proportionally reduced with the number of devices connected in
a daisy-chain topology.
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7.5.4.4 Multiple Devices: Star Topology

A typical connection diagram showing multiple devices in the star topology is shown in Figure 87. The CONVST,
SDI, and SCLK inputs of all devices are connected together and are controlled by a single CONVST, SDO, and
SCLK pin of the host controller, respectively. Similarly, the SDO output pin of all devices are tied together and
connected to the a single SDI input pin of the host controller. The CS input pin of each device is individually
controlled by separate CS control lines from the host controller.

Host Controller

| | |
| | |
| | |
| | |
| | |
[ tT—-FF+ -1 ————=|—-——— — —— — — — — — -t —_———— — —+ 1 =
_5:—2[ I I ||g
5 &l | | 18
28 | | 1o
Q/I________'I_____‘_ ______ b i bl -—
| | |
| | |
o) M Iq) |
q o N by p |
h n h & Py |
| [ 1 | | |
E x5 O O E o X = 0O W = X = 0
21638 5 g 21828 5 ¢ 216 3 8 § &
Z » z %} z a n
o) o o)
@) o @)
Device 1 Device2 | .......... DeviceN

Figure 87. Star Topology Connection Schematic

The timing diagram for N devices connected in the star topology is shown in Figure 88. In order to avoid any
conflict related to multiple devices driving the SDO line at the same time, ensure that the host controller pulls

down the CS signal for only one device at any particular time.

@ T\ /
@ \ /
= \ S

________Configuration Data Device -1 ______Configuration Data Device -2 __ ___ Configuration Data Device -3 _ __ _ _
SDO !
{ {SD}I;C):; | @on e X e X o X{Blg}z X X eu X o X @19 X B1gx X 1 X 80k |

T T SR Deue? T Cupdbaa_bewied
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Figure 88. Three Devices Connected in Star Connection Timing Diagram
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7.6 Register Maps

7.6.1 Device Configuration and Register Maps
The device features four configuration registers, mapped as described in Table 8.

Table 8. Configuration Registers Mapping

ADDRESS REGISTER REGISTER FUNCTION SECTION
NAME
010h PD_CNTL Low-power modes control register PD Control
014h SDI_CNTL SDI input protocol selection register SDI Control
018h SDO_CNTL SDO output protocol selection register SDO Control
01Ch DATA_CNTL Output data word configuration register DATA Control

7.6.1.1 PD_CNTL Register (address = 010h)
This register controls the low-power modes offered by the device and is protected using a key.

Any writes to the PD_CNTL register must be preceded by a write operation with the register address set to 011h
and the register data set to 69h.

Figure 89. PD_CNTL Register

7 6 5 4 3 2 1 0
0 0 0 | 0 \ 0 | 0 NAP_EN PDWN
R-0b R-0b R-0b R-0b R-0b R-0b R/W-0b R/W-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 9. PD_CNTL Register Field Descriptions

Bit Field Type Reset Description

7-2 0 R 000000b Reserved bits. Reads return 000000b.

1 NAP_EN R/W Ob This bit enables NAP mode for the device.
Ob = NAP mode is disabled
1b = NAP mode is enabled

0 PDWN R/W Ob This bit outputs the device in power-down mode.
Ob = Device is powered up
1b = Device is powered down

7.6.1.2 SDI_CNTL Register (address = 014h)

This register configures the protocol used for writing data into the device.

Figure 90. SDI_CNTL Register

7 6 5 4 3 2 1 0
0 0 0 | 0 0 | 0 SDI_MODE[1:0]
R-0b R-0b R-0b R-0b R-0b R-0b R/W-0b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 10. SDI_CNTL Register Field Descriptions

Bit Field Type Reset Description

7-2 0 R 000000b | Reserved bits. Reads return 000000b.

1-0 SDI_MODE[1:0] R/W 00b These bits select the protocol for writing data into the device.
00b = Standard SPI with CPOL =0 and CPHASE =0
01b = Standard SPI with CPOL = 0 and CPHASE =1
10b = Standard SPI with CPOL = 1 and CPHASE =0
11b = Standard SPI with CPOL = 1 and CPHASE =1
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7.6.1.3 SDO_CNTL Register (address = 018h)
This register configures the protocol for reading data from the device.
Figure 91. SDO_CNTL Register
7 6 5 4 3 2 1 0
SSYNC_CLK_SEL[1:0] | 0 | DATA RATE | SDO_WIDTH[1:0] \ SDO_MODE[L:0]
R/W-00b R-0b R/W-0b R/W-00b R/W-00b
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 11. SDO_CNTL Register Field Descriptions
Bit Field Type Reset Description
7-6 SSYNC_CLK_SELJ[1:0] R/W 00b These bits select the source and frequency of the clock for the source-
synchronous data transmission and are valid only if SDO_MODE[1:0] =
11b.
00b = External SCLK echo
01b = Internal clock (INTCLK)
10b = Internal clock / 2 (INTCLK / 2)
11b = Internal clock / 4 (INTCLK / 4)
5 0 R Ob This bit must be always set to 0.
DATA_RATE RIW 0Ob This bit is ignored if SDO_MODE[1:0] = 00b. When SDO_MODE[1:0] =
11b:

Ob = SDOs are updated at single data rate (SDR) with respect to the
output clock

1b = SDOs are updated at double data rate (DDR) with respect to the
output clock

3-2 SDO_WIDTH[1:0] R/W 00b These bits set the width of the output bus.

Oxb = Data are output only on SDO-0

10b = Data are output only on SDO-0 and SDO-1

11b = Data are output on SDO-0, SDO-1, SDO-2, and SDO-3

1-0 SDO_MODE[1:0] R/W 00b These bits select the protocol for reading data from the device.

00b = SDO follows the same SPI protocol as SDI; see the SDI_CNTL
register

01b = Invalid configuration, not supported by the device

10b = Invalid configuration, not supported by the device

11b = SDO follows the source-synchronous protocol
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7.6.1.4 DATA_CNTL Register (address = 01Ch)

This register configures the contents of the 20-bit output data word (D[19:0]).

Figure 92. DATA_CNTL Register

7 6 5 4 3 2 1 0
0 0 FPAR_LOC 0 | PAREN | DATA_PATN[2:0]
R-Ob R-0b R/W-00b R/W-Ob R/W-000b

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 12. DATA_CNTL Register Field Descriptions

Bit

Field

Type

Reset

Description

7-6

0

R

00b

Reserved bits. Reads return 00b.

FPAR_LOCI[1:0]

R/W

00b

These bits control the data span for calculating the FTPAR bit (bit D[0] in
the output data word).

00b = D[0] reflects even parity calculated for 4 MSB bits

01b = DIO] reflects even parity calculated for 8 MSB bits

10b = D[0] reflects even parity calculated for 12 MSB bits

11b = D[0] reflects even parity calculated for 16 MSB bits

PAR_EN

R/W

Ob

Ob = Output data does not contain any parity information
D[1]=0
D[0O]=0
1b = Parity information is appended to the LSB of the output data
D[1] = Even parity calculated on bits D[19:2]
D[0] = Even parity computed on the selected number of MSB bits of
D[19:2] as per the FPAR_LOCJ[1:0] setting
See Figure 46 for further details of parity computation.

2-0

DATA_PATN[2:0]

R/W

000b

These bits control bits D[19:2] of the output data word.
Oxxb = 18-bit conversion output

100b = All Os

101b = All 1s

110b = Alternating Os and 1s (that is, 15555h)

111b = Alternating 00s and 11s (that is, 03333h)

See Figure 47 for more details.
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8 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.

8.1 Application Information

The two primary circuits required to maximize the performance of a high-precision, successive approximation
register (SAR), analog-to-digital converter (ADC) are the input driver and the reference driver circuits. This
section details some general principles for designing these circuits, followed by an application circuit designed
using the ADS9110.

8.1.1 ADC Input Driver

The input driver circuit for a high-precision ADC mainly consists of two parts: a driving amplifier and a fly-wheel
RC filter. The amplifier is used for signal conditioning of the input signal and its low output impedance provides a
buffer between the signal source and the switched capacitor inputs of the ADC. The RC filter helps attenuate the
sampling charge injection from the switched-capacitor input stage of the ADC and functions as an antialiasing
filter to band-limit the wideband noise contributed by the front-end circuit. Careful design of the front-end circuit is
critical to meet the linearity and noise performance of the ADS9110.

8.1.2 Input Amplifier Selection

Selection criteria for the input amplifiers is highly dependent on the input signal type as well as the performance
goals of the data acquisition system. Some key amplifier specifications to consider when selecting an appropriate
amplifier to drive the inputs of the ADC are:

e Small-signal bandwidth. Select the small-signal bandwidth of the input amplifiers to be as high as possible
after meeting the power budget of the system. Higher bandwidth reduces the closed-loop output impedance
of the amplifier, thus allowing the amplifier to more easily drive the low cutoff frequency RC filter (see the
Antialiasing Filter section) at the inputs of the ADC. Higher bandwidth also minimizes the harmonic distortion
at higher input frequencies. In order to maintain the overall stability of the input driver circuit, select the
amplifier with Unity Gain Bandwidth (UGB) as described in Equation 14:

UGBZ4><( 1 }

27t X Reyr xCpy1 14)

* Noise. Noise contribution of the front-end amplifiers must be as low as possible to prevent any degradation in
SNR performance of the system. Generally, to ensure that the noise performance of the data acquisition
system is not limited by the front-end circuit, the total noise contribution from the front-end circuit must be
kept below 20% of the input-referred noise of the ADC. Noise from the input driver circuit is band-limited by
designing a low cutoff frequency RC filter, as explained in Equation 15.

2 SNR(dB)J

\%
AMP_PP -
NGX\/EX }{_—_ +er2'I_RMSXg><f—3dB < EXEX]_O[ 20

6.6 - 5 2

where:
* Vit awp_pp i the peak-to-peak flicker noise in Vv,
* e, rms is the amplifier broadband noise density in nV/iHz,
* f_34g is the 3-dB bandwidth of the RC filter, and
* Ng is the noise gain of the front-end circuit that is equal to 1 in a buffer configuration. (15)

« Distortion. Both the ADC and the input driver introduce distortion in a data acquisition block. To ensure that
the distortion performance of the data acquisition system is not limited by the front-end circuit, the distortion of
the input driver must be at least 10 dB lower than the distortion of the ADC, as shown in Equation 16.

THDpyp < THDppe — 10(dB) (16)
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Application Information (continued)

» Settling Time. For dc signals with fast transients that are common in a multiplexed application, the input signal
must settle within an 18-bit accuracy at the device inputs during the acquisition time window. This condition is
critical to maintain the overall linearity performance of the ADC. Typically, the amplifier data sheets specify
the output settling performance only up to 0.1% to 0.001%, which may not be sufficient for the desired 18-bit
accuracy. Therefore, always verify the settling behavior of the input driver by TINA™-SPICE simulations
before selecting the amplifier.

8.1.3 Antialiasing Filter

Converting analog-to-digital signals requires sampling an input signal at a constant rate. Any higher-frequency
content in the input signal beyond half the sampling frequency is digitized and folded back into the low-frequency
spectrum. This process is called aliasing. Therefore, an analog, antialiasing filter must be used to remove the
harmonic content from the input signal before being sampled by the ADC. An antialiasing filter is designed as a
low-pass, RC filter, where the 3-dB bandwidth is optimized based on specific application requirements. For dc
signals with fast transients (including multiplexed input signals), a high-bandwidth filter is designed to allow
accurately settling the signal at the inputs of the ADC during the small acquisition time window. For ac signals,
keep the filter bandwidth low to band-limit the noise fed into the input of the ADC, thereby increasing the signal-
to-noise ratio (SNR) of the system.

Besides filtering the noise from the front-end drive circuitry, the RC filter also helps attenuate the sampling
charge injection from the switched-capacitor input stage of the ADC. A filter capacitor, Cg, 1, is connected from
each input pin of the ADC to the ground (as shown in Figure 93). This capacitor helps reduce the sampling
charge injection and provides a charge bucket to quickly charge the internal sample-and-hold capacitors during
the acquisition process. Generally, the value of this capacitor must be at least 15 times the specified value of the
ADC sampling capacitance. For the ADS9110, the input sampling capacitance is equal to 60 pF, thus it is
recommeded to keep Cg 1 greater than 900 pF. The capacitor must be a COG- or NPO-type because these
capacitor types have a high-Q, low-temperature coefficient, and stable electrical characteristics under varying
voltages, frequency, and time.

Rrp1<100Q

W

Crr 2 900 pF

f 1 o
B = evice
o8 27[ X RFLT X CFLT

Crur = 900 pF

Rpr<10Q

Figure 93. Antialiasing Filter Configuration

Note that driving capacitive loads can degrade the phase margin of the input amplifiers, thus making the amplifier
marginally unstable. To avoid amplifier stability issues, series isolation resistors (Rg 1) are used at the output of
the amplifiers. A higher value of Rg 1 is helpful from the amplifier stability perspective, but adds distortion as a
result of interactions with the nonlinear input impedance of the ADC. Distortion increases with source impedance,
input signal frequency, and input signal amplitude. Therefore, the selection of R 1 requires balancing the stability
and distortion of the design. For the ADS9110, limiting the value of Rg 1 to a maximum of 10-Q is recommended
in order to avoid any significant degradation in linearity performance. The tolerance of the selected resistors must
be kept less than 1% to keep the inputs balanced.

The driver amplifier must be selected such that its closed-loop output impedance is at least 5X lesser than the
ReLt
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Application Information (continued)

8.1.4 ADC Reference Driver

The external reference source to the ADS9110 must provide low-drift and very accurate voltage for the ADC
reference input and support the dynamic charge requirements without affecting the noise and linearity
performance of the device. The output broadband noise of most references can be in the order of a few hundred
MVrus. Therefore, to prevent any degradation in the noise performance of the ADC, the output of the voltage
reference must be appropriately filtered by using a low-pass filter with a cutoff frequency of a few hundred hertz.

After band-limiting the noise of the reference circuit, the next important step is to design a reference buffer that
can drive the dynamic load posed by the reference input of the ADC. The reference buffer must regulate the
voltage at the reference pin such that the value of Vgge stays within the 1-LSB error at the start of each
conversion. This condition necessitates the use of a large capacitor, CBUF_FLT (see Figure 39), between each
pair of REFP and REFM pins for regulating the voltage at the reference input of the ADC. The effective
capacitance of any large capacitor reduces with the applied voltage based on the voltage rating and type. Using
X7R-type capacitors is strongly recommended.

The amplifier selected as the reference driver must have an extremely low offset and temperature drift with a low
output impedance to drive the capacitor at the ADC reference pins without any stability issues.
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8.2 Typical Application

Reference Drive Circuit

OPA+

T

REF5045

(See Reference Datasheet
for Detailed Pin Configuration)

'VDIFF/Z
REFM REFP REFP REFM

Vinem=0V CONVST

Device CONVST

GND  AVDD DVDD

I

GND  AVDD DVDD

+Voirr2

Figure 94. Differential Input DAQ Circuit for Lowest Distortion and Noise at 2 MSPS

8.2.1 Design Requirements

Design an application circuit optimized for using the ADS9110 to achieve:
e >08.5-dB SNR, <-118-dB THD,

e +1-LSB linearity, and

» Maximum-specified throughput of 2 MSPS
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Typical Application (continued)
8.2.2 Detailed Design Procedure

The application circuits are illustrated in Figure 94. For simplicity, power-supply decoupling capacitors are not
shown in these circuit diagrams; see the Power-Supply Recommendations section for suggested guidelines.

The input signal is processed through the OPA625 (a high-bandwidth, low-distortion, high-precision amplifier in
an inverting gain configuration) and a low-pass RC filter before being fed into the ADC. Generally, the distortion
from the input driver must be at least 10 dB less than the ADC distortion. The distortion resulting from variation in
the common-mode signal is eliminated by using the OPA625 in an inverting gain configuration. The low-power
OPAG625 as an input driver provides exceptional ac performance because of its extremely low-distortion and high-
bandwidth specifications. To exercise the complete dynamic range of the ADS9110, the common-mode voltage
at the ADS9110 inputs is established at a value of 2.25 V (4.5 V / 2) by using the noninverting pins of the
OPAG625 amplifiers.

In addition, the components of the antialiasing filter are such that the noise from the front-end circuit is kept low
without adding distortion to the input signal.

The reference driver circuit, illustrated in Figure 94, generates a voltage of 4.5 Vpc using a single 5-V supply.
This circuit is suitable to drive the reference of the ADS9110 at higher sampling rates up to 2 MSPS. The
reference voltage of 4.5 V in this design is generated by the high-precision, low-noise REF5045 circuit. The
output broadband noise of the reference is heavily filtered by a low-pass filter with a 3-dB cutoff frequency of 160
Hz.

The reference buffer is designed with the OPA625 and OPA378 in a composite architecture to achieve superior
dc and ac performance at a reduced power consumption, compared to using a single high-performance amplifier.
The OPA625 is a high-bandwidth amplifier with a very low open-loop output impedance of 1 Q up to a frequency
of 1 MHz. The low open-loop output impedance makes the OPA625 a good choice for driving a high capacitive
load to regulate the voltage at the reference input of the ADC. The relatively higher offset and drift specifications
of the OPA625 are corrected by using a dc-correcting amplifier (the OPA378) inside the feedback loop. The
composite scheme inherits the extremely low offset and temperature drift specifications of the OPA378.

8.2.3 Application Curves

0 1

0.75
-40 o
n
=
~ 2
% -80 g
g =
; c

S -120 %’ .

[
j=2
I
-160 £

-0.75

-200 -1

0 200 400 600 800 1000 -131072 cost
i INput Frequency (kHz) €030 ADC Output Code
fin = 2 kHz, SNR =99 dB, THD =-120 dB Typical INL of +0.5 LSB
Figure 95. FFT with a 2-kHz Input Signal Figure 96. Typical INL
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9 Power-Supply Recommendations

The device has two separate power supplies: AVDD and DVDD. The internal circuits of the device operate on
AVDD; DVDD is used for the digital interface. AVDD and DVDD can be independently set to any value within the
permissible range.

9.1 Power-Supply Decoupling

The AVDD and DVDD supply pins cannot share the same decoupling capacitor. As shown in Figure 97, separate
1-uF ceramic capacitors are recommended. These capacitors avoid digital and analog supply crosstalk resulting
from dynamic currents during conversion and data transfer.

|
| Dignal
| Supply
| DVDD (16| ' O
| 1
: GND (5] 1pF
|
_________ | AVDD (4]
T 1pF
AVDD (3] : 'e)
Analog
Suppl
pply

AINM
GND
N

Figure 97. Supply Decoupling

9.2 Power Saving

In normal mode of operation, the device does not power down between conversions, and therefore achieves a
high throughput of 2 MSPS. However, the device offers two programmable low-power modes (NAP and PD) to
reduce power consumption when the device is operated at lower throughput rates. Figure 98 shows comparative
power consumption between the different modes of the device.

Device Phase

IAVDD

)

Irer =

Figure 98. Power Consumption in Different Operating Modes
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Power Saving (continued)
9.2.1 NAP Mode

In NAP mode, some of the internal blocks of the device power down to reduce power consumption in the ACQ
state.

To enable NAP mode, set the NAP_EN bit in the PD_CNTL register. To exercise NAP mode, keep the CONVST
pin high at the end of conversion process. The device then enters NAP mode at the end of conversion and
continues in NAP mode until the CONVST pin is held high.

A CONVST falling edge brings the device out of NAP mode; however, the host controller can initiate a new
conversion (CONVST rising edge) only after the t,a, wiup time has elapsed.

Figure 99 shows a typical conversion cycle with NAP mode enabled (NAP_EN = 1b).
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S
I
1‘ }_\ |
I \ V4
CONVST K‘\ \_k \ I
\

1
ln:ycle |
|
I

€ , € »e ,\
tconv tnap tnap wkup |

) 4

| \
| l \ lva
| |

¢ tCDI’W max l

|
< / tconv min > }

|
ADCST \\:’ \/' 77
(Internal) | /{_/_/
\

\

|
|
e —CNV Cg—m‘—%NAP +ACQ C+1—————»«—ACQ C+14

I
T
I
I
I
I
I
T
I
I
" ! I
I
I

| \
! \
| |
| |
| |

1
‘ I

I I
l L
! ]
I I
| |
I
RVS \:(’ \/_ 7 _/\
I
I

hN

Figure 99. NAP Enabled Conversion Cycle
The cycle time is given by Equation 17.
tcycle = tconv +tnap +tnap_wkup a7

At lower throughputs, cycle time (tye) increases but the conversion time (t.,,,) remains constant, and therefore
the device spends more time in NAP mode, thus giving power scaling with throughput as shown in Figure 100.
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Figure 100. Power Scaling with Throughput with NAP Mode
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Power Saving (continued)
9.2.2 PD Mode

The device also features a deep power-down mode (PD) to reduce the power consumption at very low
throughput rates.

To enter PD mode:

1. Write 069h to address 011h to unlock the PD_CNTL register.

2. Set the PDWN bit in the PD_CNTL register. The device enters PD mode on the CS rising edge.

In PD mode, all analog blocks within the device are powered down; however, the interface remains active and
the register contents are also retained. The RVS pin is high, indicating that the device is ready to receive the
next command.

To exit PD mode:

1. Reset the PDWN bit in the PD_CNTL register.

2. The RVS pin goes high, indicating that the device has started coming out of PD mode. However, the host
controller must wait for the tpyryp time to elapse before initiating a new conversion.

10 Layout

10.1 Layout Guidelines

This section provides some recommended layout guidelines for achieving optimum performance with the
ADS9110 device.

10.1.1 Signal Path

As illustrated in Figure 101, the analog input and reference signals are routed in opposite directions to the digital
connections. This arrangement prevents noise generated by digital switching activity from coupling to sensitive
analog signals.

10.1.2 Grounding and PCB Stack-Up

Low inductance grounding is critical for achieving optimum performance. Grounding inductance is kept below 1
nH with 15-mil grounding vias and a printed circuit board (PCB) layout design that has at least four layers. Place
all critical components of the signal chain on the top layer with a solid analog ground from subsequent inner
layers to minimize via length to ground.

Pins 11 and 15 of the ADS9110 can be easily grounded with very low inductance by placing at least four 8-mil
grounding vias at the ADS9110 thermal pad. Afterwards, pins 11 and 15 can be connected directly to the
grounded thermal path.

10.1.3 Decoupling of Power Supplies

Place the AVDD and DVDD supply decoupling capacitors within 20 mil from the supply pins and use a 15-mil via
to ground from each capacitor. Avoid placing vias between any supply pin and its decoupling capacitor.

10.1.4 Reference Decoupling

Dynamic currents are also present at the REFP and REFM pins during the conversion phase and excellent
decoupling is required to achieve optimum performance. Three 10-uyF, X7R-grade, ceramic capacitors with 10-V
rating are recommended, placed as illustrated in Figure 101. Select 0603- or 0805-size capacitors to keep ESL
low. The REFM pin of each pair must be connected to the decoupling capacitor before a ground via.

10.1.5 Differential Input Decoupling

Dynamic currents are also present at the differential analog inputs of the ADS9110. COG- or NPO-type
capacitors are required to decouple these inputs because their capacitance stays almost constant over the full
input voltage range. Lower quality capacitors (such as X5R and X7R) have large capacitance changes over the
full input voltage range that can cause degradation in the performance of the ADS9110.
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10.2 Layout Example
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Figure 101. Recommended Layout
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation
OPA378 Data Sheet, SBOS417
OPAG625 Data Sheet, SBOS688
REF5045 Data Sheet, SBOS410

11.2 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 TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI'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 TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

multiSPI, TINA, E2E are trademarks of Texas Instruments.
SPl is a trademark of Motorola Mobility LLC.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

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

11.5 Glossary

SLYZ022 — 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.
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PACKAGE OPTION ADDENDUM

www.ti.com 11-Jul-2017

PACKAGING INFORMATION

® 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: TI 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 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 TI'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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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ ©) @ (/5)
ADS9110IRGER ACTIVE VQFN RGE 24 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 ADS9110
& no Sh/Br)
ADS9110IRGET ACTIVE VQFN RGE 24 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR -40 to 85 ADS9110
& no Sh/Br)



http://www.ti.com/product/ADS9110?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/ADS9110?CMP=conv-poasamples#samplebuy
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MECHANICAL DATA

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—-LEAD

PIN 1 INDEX AREA —
TOP AND BOTTOM

1

20 REF.

vy

SEATING PLANE
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0,00
—p 0,50 24y 0,50
w 1 1 ‘ . f 0,30
Jyygtduu_|
24 D 7 T
D THERM ‘L PAD C
D SIZE ANL SHAPE C
75 73}—{07WN ON SﬁPARATE gHF Ei
D) | -
19 ‘ 2
alalaliaNals
18 13 24y 8 fé)
0,10 @M[clalB
@ 0,05 @[C

4204104 /G 07 /11

NOTES:

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

This drawing is subject to change without notice.

Quad Flatpack, No—Leads (QFN) package configuration.

The package thermal pad must be soldered to the board for thermal and mechanical performance.

See the additional figure in the Product Data Sheet for details regarding the exposed thermal pad features and dimensions.

Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—LEAD

THERMAL INFORMATION

This package incorporates an exposed thermal pad that is designed to be attached directly to an external
heatsink. The thermal pad must be soldered directly to the printed circuit board (PCB). After soldering, the

PCB can be used as a heatsink. In addition, through the use of thermal vias, the thermal pad can be attached
directly to the appropriate copper plane shown in the electrical schematic for the device, or alternatively, can be
attached to a special heatsink structure designed into the PCB. This design optimizes the heat transfer from the

integrated circuit (IC).

For information on the Quad Flatpack No—Lead (QFN) package and its advantages, refer to Application Report,
QFN/SON PCB Attachment, Texas Instruments Literature No. SLUA271, This document is available at www.ti.com.

The exposed thermal pad dimensions for this package are shown in the following illustration.

PIN 1 INDICATOR

(OPTIONAL)
1 6
S UUUUUU
) v a7
T ) ;/— Exposed Thermal Pad
2,70£0,10 = + =il
tl tl D C
l D) (an
S )] 12
NN NNNN
18 13
¢ 2,70%0,10 >
Bottom View
Exposed Thermal Pad Dimensions
4206344-5/AK 08/15
NOTES: A. All linear dimensions are in millimeters
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http://www.ti.com/lit/slua271

LAND PATTERN DATA

RGE (S—PVQFN—N24)

PLASTIC QUAD FLATPACK NO—LEAD

Example S’Eencil Desjgn
Example Board Layout 0.125 Thick Stencil
(Note E)

Note D U U U i"U =—20x0,5 — =20x0,5
- — 24X0,8—’|:j‘—UU‘UUU[<:|
== =[] (8] S

O O O 31 48 — — 315475
- - 24x0,23 O [33= 7=
LOlo o ol|Yd | a1 1 —_
[ L= 1 RO,115 ) . -
100000~ 00000
Ne— 31 —] N
/ ) ™ f— 3,15 ——
\ b
—//— 4,8 N 4,75
// \\\\ (66% Printed Solder Coverage by Area)
/ .
/' Non Solder Mask Defined Pad \‘\ ‘Example Via Layout Design
/ ~ Via layout may vary depending
/ T T~ . on layout constraints
;/,/ \\\ Example Solder Mask Opening \\\ (Note D, F)
, \ (Note F) “\\
0,08 —— (s 9x90,3— 27 ==
/ ros - 085 % ~® O O
i '\ j
\ i _O O O 2’7
\\ }/\ Pad Geometry 6x0,9
\ 0,07 ) (Nete ©) © © O
‘\\éll Around //' 6x0.9
. ’/"
N -
””””” 4207991-3/V  08/15

NOTES:

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

This package is designed to be soldered to a thermal pad on the board. Refer to Application Note, Quad Flat—Pack
Packages, Texas Instruments Literature No. SLUA271, and also the Product Data Sheets

for specific thermal information, via requirements, and recommended board layout. These documents are available at
www.ti.com <http: //www.ti.com>.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC 7525 for stencil design considerations.
Customers should contact their board fabrication site for recommended solder mask tolerances and via tenting
recommendations for vias placed in the thermal pad.
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves 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.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl 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 reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer's company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from TI under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
reguirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated
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