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14-Bit, 2 MSPS, Dual-Channel, Differential/Single-Ended,
Ultralow-Power Analog-to-Digital Converters

Check for Samples: ADS7945, ADS7946

FEATURES DESCRIPTION

. Sample Rate: 2 MSPS The ADS7945/6 are 14-bit, 2 MSPS analog-to-digital
. N . : . converters (ADCs), with differential and single-ended
14-Bit, Pin-Compatible with 8/10/12-bit inputs, respectively. The devices operate at a 2

ADS7947/8/9 Family (ADS7946) MSPS sample rate with a standard 16-clock data

+ Outstanding Performance: frame. The devices feature both outstanding dc
— SNR: 84 dB (ADS7945) precision apd e_xcellent c_iynamiq performance; thga

— No Missina Codes ADS7946 is pin-compatible with the 8/10/12-bit
9 ADS7947/8/9 devices. The devices include a

— INL: 1.5 LSB (max) (ADS7945) two-channel input multiplexer and a low-power

« Low Power: successive approximation register (SAR) ADC with

— 11.6 MW at 2 MSPS Operation an inherent sample-and-hold (S/H) input stage.

— Auto Power-Down at Lower Speeds: Lhe A"DS79ﬁ5/f6 ITuppcljrt a wide analog supp()jly range

that allows the full-scale input range to extend to £5 V

— 7.2mW at 500 kSPS differential or 5 V single-ended. A simple SPI™, with

— 1.4 mW at 100 kSPS a digital supply that can operate as low as 1.65 V,

— 0.3mW at 20 kSPS allows for easy interfacing to a wide variety of digital

controllers. Automatic power-down can be enabled

when operating at slower speeds to dramatically
— Analog: 2.7V to 5.25V reduce power consumption.

— Digital: 1.65 V to AVDD Offered in a tiny 3 mm x 3 mm QFN package, the
+ Simple Serial Interface (SPI) ADS7945/6 are fully specified over the extended
«  Fully Specified from —40°C to +125°C temperature range of —-40°C to +125°C and are
suitable for a wide variety of data acquisition
applications where high performance, low power, and
small package size are key.

* Wide Supply Range:

* Tiny Footprint: 3mm x 3 mm QFN

APPLICATIONS

* Optical Networking

* Medical Instrumentation

+ Battery-Powered Equipment
+ Data Acquisition Systems

AVDD REF REFGND DVDD AVDD REF REFGND DVDD
Aps7eas | oo aps794s | oo
AINOP AINO
AINON || oS AINOGND || s
SAR SAR
mux | | sm e SPI SCLK mux | | s et SPI SCLK
AININ SDO AINTGND SDO
AINTP CH SEL AIN1 CH SEL
GND GND

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

SPI is a trademark of Motorola.

All other trademarks are the property of their respective owners.

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

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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A

‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

FAMILY AND ORDERING INFORMATION®

These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam

PRODUCT RESOLUTION (Bits) INPUT
ADS7945 14 Unipolar, differential
ADS7946 14 Unipolar, single-ended
ADS7947 12 Unipolar, single-ended
ADS7948 10 Unipolar, single-ended
ADS7949 8 Unipolar, single-ended

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or visit the

device product folder at www.ti.com.

ABSOLUTE MAXIMUM RATINGS®

Over operating free-air temperature range, unless otherwise noted.

VALUE UNIT

AINXP to GND or AINxN to GND (ADS7945) —-0.3to AVDD + 0.3 \%
AINX to GND (ADS7946) —-0.3to AVDD + 0.3 \%
AINXGND to GND (ADS7946) -0.3t0 +0.3 \%
AVDD to GND or DVDD to GND -0.3t07 \Y
Digital input voltage to GND -0.3to DVDD + 0.3 \%
Digital output to GND —-0.3to DVDD + 0.3 \Y
Operating temperature range —40 to +125 °C
Storage temperature range —65 to +150 °C

Human body model (HBM) 2000 \%
ESD ratings Charged device model (CDM) 500 \%

Machine model (MM) 200 \%

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under electrical characteristics is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
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ELECTRICAL CHARACTERISTICS: ADS7945 (Differential)

Minimum/maximum specifications at T, = —40°C to +125°C, AVDD = 2.7 V to 5.25 V, DVDD = 1.65 V to AVDD, input
common-mode = Vge/2 £ 0.2, and fgaype = 2 MSPS, unless otherwise noted.

Typical specifications at T, = +25°C, AVDD =5V, DVDD = 1.8 V, input common-mode = Vgge/2 + 0.2, and fgpyp e = 2 MSPS.

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNITS
ANALOG INPUT
Full-scale input span® AINXP — AINXN ~VRer VRer Y,
AINOP, AIN1P -0.2 AVDD + 0.2 \%
Absolute input range
AINON, AININ -0.2 AVDD + 0.2 \%
Input common-mode range® (AINXP + AINXN)/2 Vgee/2 £ 0.2 Y
Input capacitance® 32 pF
Input leakage current At +125°C 15 nA
SYSTEM PERFORMANCE
Resolution 14 Bits
No missing codes 14 Bits
Integral linearity -15 £0.8 15| LSB®
Differential linearity -1 +0.8 15 LSB
Offset error® -4 £1.5 4| LSB
Gain error -4 +1.5 4 LSB
Transition noise 25| MVRms
Power-supply rejection With 500 Hz sine wave on AVDD 60 dB
SAMPLING DYNAMICS
Conversion time 16| SCLK
Acquisition time 80 ns
Maximum sample rate (throughput rate) 40 MHz SCLK with a 16-clock frame 2| MSPS
Aperture delay® 10 ns
Aperture jitter® 10 ps
Step response ) ©) 80 ns
DYNAMIC CHARACTERISTICS
Total harmonic distortion (THD)( 20 kHz, Vger = 4.0 V -92 dB
_ _ , 20 kHz, Vggr = 4.0 V 82 84 dB
Signal-to-noise ratio (SNR)
100 kHz, Vgee = 4.0 V 83 dB
Signal-to-noise and distorion ratio (SINAD) 20 kHz, VRgp = 4.0 V 83.5 dB
Spurious-free dynamic range (SFDR) 20 kHz, VRgp = 4.0 V 94 dB
Full-power bandwidth® At-3dB 15 MHz

(1) Ideal input span; does not include gain or offset error.
(2) Refer to the Input Common-Mode Range section in Application Information.
(3) Refer to Figure 76 for sampling circuit details.

(4) LSB means least significant bit.

(5) Measured relative to an ideal full-scale input.

(6) Ensured by simulation.

(7) Calculated on the first nine harmonics of the input frequency.
(8) Indicates signal bandwidth for undersampling applications.

Copyright © 2011, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS: ADS7945 (Differential) (continued)

Minimum/maximum specifications at T, = —40°C to +125°C, AVDD = 2.7 V to 5.25 V, DVDD = 1.65 V to AVDD, input
common-mode = Vge/2 £ 0.2, and fgaype = 2 MSPS, unless otherwise noted.
Typical specifications at T, = +25°C, AVDD =5V, DVDD = 1.8 V, input common-mode = Vgge/2 + 0.2, and fgpyp e = 2 MSPS.

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNITS
DIGITAL INPUT/OUTPUT
Logic family CMOS
ViH 0.7DVDD \Y,
. Vi 0.3DVDD \Y,
Logic level
VoH SDO load 20 pF 0.8DVDD \Y,
VoL SDO load 20 pF 0.2DVDD \Y,
Input leakage current | Iy, I 0 <V, <DVDD 120 nA
External reference 2.5 AVDD \%
POWER-SUPPLY REQUIREMENTS
AVDD 2.7 3.3 5.25 \%
DVDD 1.65 3.3 AVDD \%
AVDD = 3.3V, fsampLE = 2 MSPS 35 4 mA
lovnamic AVDD =5V, fsawpie = 2 MSPS 4 5/ mA
AVDD supply current
lsranic AVDD = 3.3V, SCLK off 2.3 mA
AVDD =5V, SCLK off 25 3 mA
DVDD supply current® ggg?o:\j;o\ggsmpﬁ =2 MSPs, 750 pA
Power-down state Ipp-DYNAMIC SCLK = 40 MHz 550 PA
AVDD supply current IPD-STATIC SCLK off 25 HA
Power-up time From power-down state using PDEN pin 1 us
TEMPERATURE RANGE
Specified performance -40 +125 °C

(9) DVDD consumes only dynamic current. lIpypp = CLoap X DVDD x number of 0—1 transitions in SDO % fgaypLg-
This is a load-dependent current and there is no DVDD current when the output is not toggling.

4 Submit Documentation Feedback Copyright © 2011, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS: ADS7946 (Single-Ended)

Minimum/maximum specifications at T, = —40°C to +125°C, AVDD = 2.7 V to 5.25 V, DVDD = 1.65 V to AVDD,
and fsaypLe = 2 MSPS, unless otherwise noted.
Typical specifications at T, = +25°C, AVDD =5V, DVDD = 1.8 V, and fsaype = 2 MSPS.

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNITS
ANALOG INPUT
Full-scale input span® AINX — AINXGND 0 VRer Y,
AINO, AIN1 -0.2 AVDD + 0.2 \%
Absolute input range
AINOGND, AIN1GND -0.2 0.2 \%
Input capacitance® 32 pF
Input leakage current At +125°C 15 nA
SYSTEM PERFORMANCE
Resolution 14 Bits
No missing codes 14 Bits
Integral linearity -25  +1.25 25| LSB®
Differential linearity -1 +0.8 2.0 LSB
Offset error® -4 £1.5 4| LSB
Gain error -4 +1.5 4 LSB
Transition noise 25| MVRms
Power-supply rejection With 500 Hz sine wave on AVDD 60 dB
SAMPLING DYNAMICS
Conversion time 16| SCLK
Acquisition time 80 ns
Maximum sample rate (throughput rate) 40 MHz SCLK with a 16-clock frame 2| MSPS
Aperture delay® 10 ns
Aperture jitter® 10 ps
Step response ®) @ 80 ns
DYNAMIC CHARACTERISTICS
Total harmonic distortion (THD)® 20 kHz, Vger = 4.0 V -85 dB
_ _ , 20 kHz, Vggr = 4.0 V 79 82 dB
Signal-to-noise ratio (SNR)
100 kHz, Vgee = 4.0 V 80 dB
Signal-to-noise and distortion ratio (SINAD) | 20 kHz, Vggr = 4.0V 78.8 dB
Spurious-free dynamic range (SFDR) 20 kHz, VRgg = 4.0 V 86 dB
Full-power bandwidth (" At-3dB 15 MHz
DIGITAL INPUT/OUTPUT
Logic family CMOS
Vin 0.7DVDD Y
) Vi 0.3DVDD Y
Logic level
Von SDO load 20 pF 0.8DVDD Y
VoL SDO load 20 pF 0.2DVDD Y
Input leakage current | Iy, I 0 <V,y<DVDD 120 nA
External reference 2.5 AVDD \%

(1) Ideal input span; does not include gain or offset error.
(2) Refer to Figure 76 for sampling circuit details.

(3) LSB means least significant bit.

(4) Measured relative to an ideal full-scale input.

(5) Ensured by simulation.

(6) Calculated on the first nine harmonics of the input frequency.
(7) Indicates signal bandwidth for undersampling applications.
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ELECTRICAL CHARACTERISTICS: ADS7946 (Single-Ended) (continued)
Minimum/maximum specifications at T, = —40°C to +125°C, AVDD = 2.7 V to 5.25 V, DVDD = 1.65 V to AVDD,

and fsaypLe = 2 MSPS, unless otherwise noted.

Typical specifications at T, = +25°C, AVDD =5V, DVDD = 1.8 V, and fsaype = 2 MSPS.

PARAMETER TEST CONDITIONS | MIN TYP MAX | UNITS
POWER-SUPPLY REQUIREMENTS
AVDD 2.7 3.3 5.25 \%
DVDD 1.65 3.3 AVDD \%
— AVDD = 3.3V, fsaupLe = 2 MSPS 35 4] mA
AVDD =5V, fsavpLe = 2 MSPS 4 5/ mA
AVDD supply current
AVDD = 3.3V, SCLK off 2.3 mA
lstaTc AVDD =5 V, SCLK off 25 3] mA
DVDD supply current® gggljlozjg’o\ggsmpﬁ =2 MSPs, 750 pA
Power-down state IPD-DYNAMIC SCLK = 40 MHz 550 A
AVDD supply current IPD-STATIC SCLK off 25 HA
Power-up time From power-down state using PDEN pin 1 us
TEMPERATURE RANGE
Specified performance -40 +125 °C
(8) DVDD consumes only dynamic current. lIpypp = CLoap X DVDD x number of 0—1 transitions in SDO % fgavpLg-
This is a load-dependent current and there is no DVDD current when the output is not toggling.
THERMAL INFORMATION
ADS7945/6
THERMAL METRIC® RTE UNITS
16 PINS
63a Junction-to-ambient thermal resistance 54.3
8ictop Junction-to-case (top) thermal resistance 53.7
038 Junction-to-board thermal resistance 19.2 oW
Wit Junction-to-top characterization parameter 0.3
Wig Junction-to-board characterization parameter 145
B3chot Junction-to-case (bottom) thermal resistance 5.2

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

: ADS7945, ADS7946

PARAMETER MEASUREMENT INFORMATION

Sample Sample
N N +1
< fsampLe »
< tcony > taca —»|
A 4 A 4
[ i
_____ ! —
—> tsus twh - — ty
SCLK 1 2 5 6 7 8 9 10 1 12 13 14 15
1o t

—P 1 ti '%
SDO—<D13XD12XD11XD1OX D9XD8XD

200000

Data from Sample N - 1

Table 1. TIMING REQUIREMENTS: ADS7945, ADS79461®)

PARAMETER TEST CONDITIONS®@ MIN TYP MAX UNIT
tconv Conversion time 16 SCLK
taco Acquisition time 80 ns
fsampLE Sample rate (throughput rate) fﬁc—t:f)c:k??amgz‘ 2 MSPS
twi Pulse width CS high 25 ns

DVDD =18V 14.5 ns
th1 Delay time, CS low to first data (DO-15) out DVDD =3V 12.5 ns
DVDD =5V 8.5 ns
DVvDD =18V 3.5 ns
tsu Setup time, CS low to first rising edge of SCLK DVDD =3V 35 ns
DVDD =5V 35 ns
DVDD =18V 11 ns
tpy® Delay time, SCLK falling to SDO DVDD =3V 9 ns
DVDD =5V 7.1 ns
DVvDD =18V ns
thy Hold time, SCLK falling to data valid DVDD =3V ns
DVDD =5V 2 ns
DVDD =18V 15 ns
ths Delay time, CS high to SDO 3-state DVDD =3V 12.5 ns
DVDD =5V 8.5 ns
- Delay time CS rising ec_ige ffom conversioq enq 10 ns
(refer to the tcony Specification for conversion time)
twH Pulse duration, SCLK high ns
twi Pulse duration, SCLK low ns
SCLK frequency 40 MHz
trpsu Setup tim(_a, PDEN high to CS rising edge 2 ns
(refer to Figure 84 and Figure 85)
tepH Hold time, CS rising edge to PDEN falling edge (refer to Figure 84) 20 ns

(1) All specifications are ensured by simulations at Ty = —40°C to +125°C, and DVDD = 1.65 V to AVDD, unless otherwise noted.
(2) 1.8V specifications apply from 1.65 V to 2 V; 3 V specifications apply form 2.7 V to 3.6 V; 5 V specifications apply from 4.75 V to

5.25 V.
(3) With 20 pF load.

Copyright © 2011, Texas Instruments Incorporated
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PIN CONFIGURATION ADS7945 (DIFFERENTIAL)
RTE PACKAGE
QFN-16
(TOP VIEW)
8 o %
> a O |c/>
o 7] ) (@]
GND [ 1) 12| PDEN
AVDD | 2 ) (11] CHSEL
ADS7945
REF [3) (19] N
REFGND | 4 ) (9 |NC
ol fe] [~] [=]
oz z o
o o hand -
Z z z z
< < < <
Table 2. PIN FUNCTIONS
PIN
NO. |PIN NAME| FUNCTION DESCRIPTION
GND Analog/digital | Power supply ground; all analog and digital signals are referred with respect to this pin
2 AVDD Analog ADC power supply
3 REF Analog ADC positive reference input; decouple this pin with REFGND
4 REFGND Analog Reference return; short to analog ground plane
5 AINOP Analog input | Positive analog input, channel O
6 AINON Analog input | Negative analog input, channel 0
7 AININ Analog input | Negative analog input, channel 1
8 AIN1P Analog input | Positive analog input, channel 1
9 NC — Not connected internally, it is recommended to externally short this pin to GND
10 NC — Not connected internally, it is recommended to externally short this pin to GND
This pin selects the analog input channel.
Low = Channel 0
11 CH SEL Digital input | High = Channel 1 .
It is recommended to change the channel within a window of one clock; from half a clock after the CS
falling edge. This change ensures the settling on the multiplexer output before the sample start.
12 PDEN Digital input | This pin enables a power-down feature if it is high at the CS rising edge
13 [ Digital input | Chip select signal; active low
14 SCLK Digital input | Serial SPI clock
15 SDO Digital output | Serial data out
16 DVDD Digital Digital I/O supply
8 Submit Documentation Feedback Copyright © 2011, Texas Instruments Incorporated
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PIN CONFIGURATION ADS7946 (SINGLE-ENDED)

RTE PACKAGE
QFN-16
(TOP VIEW)

SCLK
cs

(16 pvpp
(15] spo
14
13

O
GND | 1 ) (12| PDEN
AVDD | 2 ) ( 11] CHSEL
ADS7946
REF | 3 ) (10] NC
REFGND | 4 ) (C 9]|NC
o] fe] [~ =)
2 2 2 z
< 0 06 <
o —
z z
< <
Table 3. PIN FUNCTIONS
PIN
NO. |PINNAME| FUNCTION DESCRIPTION
GND Analog/digital | Power supply ground; all analog and digital signals are referred with respect to this pin
2 AVDD Analog ADC power supply
3 REF Analog ADC positive reference input; decouple this pin with REFGND
4 REFGND Analog Reference return; short to analog ground plane
5 AINO Analog input | Positive analog input, channel O
6 AINOGND | Analog input | Ground sense analog input, channel 0
7 AIN1GND | Analog input | Ground sense analog input, channel 1
8 AIN1 Analog input | Positive analog input, channel 1
9 NC — Not connected internally, it is recommended to externally short this pin to GND
10 NC — Not connected internally, it is recommended to externally short this pin to GND
This pin selects the analog input channel.
Low = Channel 0
11 CH SEL Digital input | High = Channel 1 o
It is recommended to change the channel within a window of one clock; from half a clock after the CS
falling edge. This change ensures the settling on the multiplexer output before the sample start.
12 PDEN Digital input | This pin enables a power-down feature if it is high at the CS rising edge
13 [ Digital input | Chip select signal; active low
14 SCLK Digital input | Serial SPI clock
15 SDO Digital output | Serial data out
16 DVDD Digital Digital I/O supply

Copyright © 2011, Texas Instruments Incorporated
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TYPICAL CHARACTERISTICS: ADS7945
At T, = +25°C, AVDD =5V, DVDD = 1.8V, Vger = 2.5V, and fgayp e = 2 MSPS, unless otherwise noted.

DNL vs ANALOG SUPPLY VOLTAGE

1.5
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Figure 1.
DNL vs FREE-AIR TEMPERATURE
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Figure 5.

Integral Nonlinearity (LSB) Differential Nonlinearity (LSB)

Integral Nonlinearity (LSB)

DNL vs REFERENCE VOLTAGE
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Figure 2.
INL vs ANALOG SUPPLY VOLTAGE
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Figure 4.
INL vs FREE-AIR TEMPERATURE
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Figure 6.
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TYPICAL CHARACTERISTICS: ADS7945 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

OFFSET ERROR vs ANALOG SUPPLY VOLTAGE OFFSET ERROR vs REFERENCE VOLTAGE
4 4
3 3
2 2
o o
2 1 2 1
S 0 £ o0
i} [im}
& -1 & -1
= =
o (e}
-2 -2
-3 -3
AVDD =5.25V
-4 -4
2.7 3.2 3.7 4.2 4.7 5.2 5.7 2.5 3 3.5 4 4.5 5 55
AVDD, Analog Supply Voltage (V) co12 Reference Voltage (V) cows
Figure 7. Figure 8.
OFFSET ERROR vs FREE-AIR TEMPERATURE GAIN ERROR vs ANALOG SUPPLY VOLTAGE
4 6
3
4
. 2
) o 2
9 1 4
S o 2 o
w i}
g -1 c
: 8 -
-2
-4
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-4 -6
-40 -25 -10 5 20 35 50 65 80 95 110 125 2.7 3.2 3.7 4.2 4.7 5.2 5.7
Free-Air Temperature (°C) co13 AVDD, Analog Supply Voltage (V) co1s
Figure 9. Figure 10.
GAIN ERROR vs REFERENCE VOLTAGE GAIN ERROR vs FREE-AIR TEMPERATURE
6 6
4 4
% 2 g 2
= =3
S o S o
] ]
£ £
5 -2 8§ -2
-4 -4
AVDD =5.25V
- -6
25 3 3.5 4 4.5 5 5.5 -40 -25 -10 5 20 35 50 65 80 95 110 125
Reference Voltage (V) cor7 Free-Air Temperature (°C) cot6
Figure 11. Figure 12.
Copyright © 2011, Texas Instruments Incorporated Submit Documentation Feedback 11

Product Folder Link(s): ADS7945 ADS7946



ADS7945
ADS7946

SBAS539B —JUNE 2011-REVISED SEPTEMBER 2011

13 TEXAS
INSTRUMENTS

www.ti.com

85

TYPICAL CHARACTERISTICS: ADS7945 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

SNR vs ANALOG SUPPLY VOLTAGE

SNR vs REFERENCE VOLTAGE

85
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Figure 13. Figure 14.
SNR vs FREE-AIR TEMPERATURE SNR vs INPUT FREQUENCY
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Figure 15. Figure 16.
SINAD vs ANALOG SUPPLY VOLTAGE SINAD vs REFERENCE VOLTAGE
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Figure 17. Figure 18.
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TYPICAL CHARACTERISTICS: ADS7945 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

SINAD vs FREE-AIR TEMPERATURE

SINAD vs INPUT FREQUENCY
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Figure 19. Figure 20.
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Figure 21. Figure 22.
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Figure 23. Figure 24.
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TYPICAL CHARACTERISTICS: ADS7945 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

SFDR vs ANALOG SUPPLY VOLTAGE SFDR vs REFERENCE VOLTAGE
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Figure 25. Figure 26.
SFDR vs FREE-AIR TEMPERATURE SFDR vs INPUT FREQUENCY
100 100
g g
o 9 o 9%
c c
g g ~—
g 92 é 92 —
] I
c c
a )
o 88 o 88
(3] (9]
i i
B B
2 84 S 84
3 AVDD =3V E
7 fin = 20 kHz ) AVDD =3V
80
-40 -25 -10 5 20 35 50 65 80 95 110 125 0 20 40 60 80 100
Free-Air Temperature (°C) G027 fin, Input Frequency (kHz) G020
Figure 27. Figure 28.
ANALOG SUPPLY CURRENT (Dynamic)
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Figure 29. Figure 30.
14 Submit Documentation Feedback Copyright © 2011, Texas Instruments Incorporated

Product Folder Link(s): ADS7945 ADS7946



i Tovas ADS7945

INSTRUMENTS ADST7946

www.ti.com SBAS539B —JUNE 2011-REVISED SEPTEMBER 2011

TYPICAL CHARACTERISTICS: ADS7945 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

ANALOG SUPPLY CURRENT (Dynamic) ANALOG SUPPLY CURRENT (Dynamic)
vs FREE-AIR TEMPERATURE vs SAMPLE RATE
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Figure 31. Figure 32.
ANALOG SUPPLY CURRENT (Static) ANALOG SUPPLY CURRENT (Static)
vs ANALOG SUPPLY VOLTAGE vs FREE-AIR TEMPERATURE
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Figure 33. Figure 34.
DNL INL
1.5 1.5
& 1 g
) %)
2 2
£ >
g 9
c £ ]
= =
z S
g © z
€ [
g g
(] =
£ -05 =—
-1 -1.5
0 2048 4096 6144 8192 10240 12288 14336 16384 0 2048 4096 6144 8192 10240 12288 14336 16384
ADC output Code (LSB) 037 ADC Output Code (LSB) .
Figure 35. Figure 36.
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TYPICAL CHARACTERISTICS: ADS7945 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.
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Figure 37.
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TYPICAL CHARACTERISTICS: ADS7946
At T, = +25°C, AVDD =5V, DVDD = 1.8V, Vger = 2.5V, and fgayp e = 2 MSPS, unless otherwise noted.

DNL vs ANALOG SUPPLY VOLTAGE
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Figure 38. Figure 39.
DNL vs FREE-AIR TEMPERATURE INL vs ANALOG SUPPLY VOLTAGE
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Figure 40. Figure 41.
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Figure 42. Figure 43.
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Offset Error (LSB)

Offset Error (LSB)

Gain Error (LSB)

TYPICAL CHARACTERISTICS: ADS7946 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

OFFSET ERROR vs ANALOG SUPPLY VOLTAGE
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TYPICAL CHARACTERISTICS: ADS7946 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

SNR vs ANALOG SUPPLY VOLTAGE
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Figure 50. Figure 51.
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Figure 52. Figure 53.
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Figure 54. Figure 55.
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TYPICAL CHARACTERISTICS: ADS7946 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

SINAD vs FREE-AIR TEMPERATURE

SINAD vs INPUT FREQUENCY
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Figure 56. Figure 57.
THD vs ANALOG SUPPLY VOLTAGE THD vs REFERENCE VOLTAGE
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Figure 58. Figure 59.
THD vs FREE-AIR TEMPERATURE THD vs INPUT FREQUENCY
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Figure 60. Figure 61.
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TYPICAL CHARACTERISTICS: ADS7946 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.

SFDR vs ANALOG SUPPLY VOLTAGE SFDR vs REFERENCE VOLTAGE
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Figure 62. Figure 63.
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Figure 64. Figure 65.
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Figure 66. Figure 67.
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AVDD Dynamic Current (mA)

AVDD Static Current (mA)

Differential Nonlinearity (LSB)

TYPICAL CHARACTERISTICS: ADS7946 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.
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TYPICAL CHARACTERISTICS: ADS7946 (continued)
At T, = +25°C, AVDD =5V, DVDD = 1.8 V, Vger = 2.5V, and fspyupe = 2 MSPS, unless otherwise noted.
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Figure 74.
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OVERVIEW

The ADS7945 and ADS7946 are 14-bit, miniature, dual-channel, low-power SAR ADCs. The ADS7945 is a
differential input device and the ADS7946 is a single-ended device with ground sensing input. These devices
feature very low power consumption at rated speed. The PDEN pin enables an auto power-down mode that
further reduces power consumption at lower speeds.

MULTIPLEXER AND ADC INPUT

The ADS7945/46 devices feature differential/single-ended inputs respectively with a double-pole, double-throw
multiplexer. The analog input circuit shown in Figure 75 is similar for for ADS7945 and ADS7946.

The ADS7945 features a differential input. Each of the positive (AINxP) and negative (AINXN) inputs can swing
from —Vree/2 to +Vgee/2 around the common-mode voltage (AINXP + AINXN)/2 so that AINXP and AINXN swing
in opposite directions equally from common-mode voltage (differential input swing Vanxe — Vainxn ranges
from —Vggr to +Vger). The ADC converts the difference in voltage: Vane — Vamnxn: This feature allows the
devices to reject the common-mode noise in the input signal.

For the ADS7946, the ground sense inputs (AINXGND) can accept swings of £0.2 V whereas the inputs (AINX)
allow signals in the range of 0 V to Vgegr over the ground sense input. The ADC converts the difference in
voltage: Vanx — Vainxenp- This feature can be used in multiple ways. For example, two signals can be connected
from different sensors with unequal ground potentials (within £0.2 V) to a single ADC. The ADC rejects the
common-mode offset and noise. This feature also allows the use of a single-supply op amp. The signal and the
AINXGND input can be offset by +0.2 V, which provides the ground clearance required for a single-supply op
amp.

Figure 75 shows the electrostatic discharge (ESD) diodes to supply and ground at every analog input. Make sure
that these diodes do not turn on by keeping the supply voltage within the specified input range.

AVDD AVDD
AINOP oO— AINO o—i
GND GND
AVDD AVDD
AINON O AINOGND O
/] /]
GND GND
SAR SAR
AVDD ADC AVDD ADC
AINTN O AINTGND O
GND GND
AVDD AVDD
AIN1P %/% AINT o—
GND ADS7945 GND ADS7946
Figure 75. Analog Inputs
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Figure 76 shows an equivalent circuit of the multiplexer and ADC sampling stage. See the Application
Information section for details on the driving circuit. The positive and negative/ground sense inputs are
separately sampled on 32 pF sampling capacitors. The multiplexer and sampling switches are represented by an
ideal switch in series with a 12 Q resistance. Note that this is dc resistance and can be used for step-settling
calculations (do not use the RC values shown in Figure 76 for 3 dB bandwidth calculations for undersampling
applications). During sampling, the devices connect the 32 pF sampling capacitor to the ADC driver. This
connection creates a glitch at the device input. It is recommended to connect a capacitor across the AINxP and
AINXN terminals or AINx and AINXGND terminals to reduce this glitch for the ADS7945 or ADS7946,
respectively. A driving circuit must have sufficient bandwidth to settle this glitch within the acquisition time.

12Q 12Q
AINOP O—o o— /M —— g5 F AINO O—o0 o—/\W\\ 32 pF
12Q 1 12Q 1
AINTP 0—0— o—\\—— AINT1 0—0 o— /M
12Q 12Q
AINON 0—0— o—\MM—— 5 oF 57 AINOGND 0—o— o—A\A\A 32 pF ;7
12Q ] 12Q ]
AININ O—o— 0 A ADS7945 AINTGND 0—0 o—A\A\A ADS7946

Figure 76. Input Sampling Stage Equivalent Circuit

Figure 77 shows a timing diagram for the ADC analog input channel selection. As shown in Figure 77, the CH
SEL signal selects the analog input channel to the ADC. CH SEL = 0 selects channel 0 and CH SEL = 1 selects
channel 1. It is recommended not to toggle the CH SEL signal during an ADC acquisition phase until the device
sees the first valid SCLK rising edge after the device samples the analog input. If CH SEL is toggled during this
period, it can cause erroneous output code because the device might see unsettled analog input.

CH SEL can be toggled at any time during the window specified in Figure 77; however, it is recommended to
select the desired channel after the first SCLK rising edge and before the second SCLK rising edge. This timing
ensures that the multiplexer output is settled before the ADC starts acquisition of the analog input.

Sample N Sample N + 1 Sample N + 2
(AINO) (AINT) (AINO)
— tcony —r— taca —>t+— tcony —r— taca

Conversion of Sample N Acquisition of AIN1| Conversion of Sample N + 1 | Acquisition of AINO

d
<

A 4

& T I_ (¢

)

Ll el Fel T
o ===t

]
Do Not Toggle
—»<4— CHSELIn

This Window

SCLK

CH SEL

Window for
CH SEL Toggle

Figure 77. ADC Analog Input Channel Selection
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REFERENCE

The ADS7945/6 use an external reference voltage during the conversion of a sampled signal. The devices switch
the capacitors used in the conversion process to the reference terminal during conversion. The switching
frequency is the same as the SCLK frequency. It is necessary to decouple the REF terminal to REFGND with a 1
WF ceramic capacitor in order to get the best noise performance from the device. The capacitor must be placed
closest to these pins. The reference input can be driven with the REF50xx series precision references from TI.
Figure 78 shows a typical reference driving circuit.

Sometimes it is convenient to use AVDD as a reference. The ADS7945/6 allow reference ranges up to AVDD.
However, make sure that AVDD is well-bypassed and that there is a separate bypass capacitor between REF
and REFGND.

AVDD O AVDD
REF50xx" o ReEF
l ADS7945
1 uF ADS7946
Ceramic |
REFGND
AGND O GND

(1) Select the appropriate device as described by the required reference value. For example, select the REF5040 for a 4 V reference, the
REF5030 for a 3 V reference, and the REF5025 for a 2.5 V reference. Ensure that (AVDD — REF) > 0.2 V so that the REF50xx functions

properly.
Figure 78. Typical Reference Driving Circuit

CLOCK

The ADS7945/6 use SCLK for conversions (typically 40 MHz). A lower frequency SCLK can be used for
applications that require sample rates less than 2 MSPS. However, it is better to use a 40 MHz SCLK and slow
down the device speed by choosing a lower frequency for CS, which allows more acquisition time. This
configuration relaxes constraints on the output impedance of the driving circuit. Refer to the Application
Information section for calculation of the driving circuit output impedance.
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ADC TRANSFER FUNCTION

The ADS7945 is a differential input device and the ADS7946 is a single-ended input device. This section
describes the transfer characteristics for both devices.

The ADS7945 output is in twos compliment format. Figure 79 shows the ideal transfer characteristics for these
devices. Here, full-scale range for the ADC input (AINXP — AINxN) is equal to twice the reference input voltage to
the ADC 2 x (Vger). 1 LSB is equal to 2 x (Vgee/2V), where N is the resolution of the ADC (N = 14 for the
ADS7945). The differential input of the ADC is bipolar around the common-mode voltage (AINxP + AINxN)/2 and
has a range of positive FSR (+Vggp) to negative FSR (—Vggp).
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e e R
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1
1
1
1
— 1
= i
[}

T i
k) i
S 0000 ==============-===- !
1
o 3FFF ======mmmmmmmm o :
[a)] 1
< i i
1 1
1 1
1 1
1 1
1 1
1 1
1 1
1 1
2001 ==g—dem e 1-- i
1 1

L L :

Negative _1LSB oV Positive Vin

FSR + 1 LSB FSR -1 LSB
Differential Analog Input (AINxP — AINxN)
Figure 79. ADS7945 Transfer Characteristics
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The ADS7946 output is in straight binary format. Figure 80 shows ideal transfer characteristics for this device.
Here, FSR is the full-scale range for the ADC input (AINx — AINXGND) and is equal to the reference input voltage
to the ADC (Vger). 1 LSB is equal to (Vgrer/2V), where N is the resolution of the ADC (N = 14 for the ADS7946).

A

BFFF [m======m = m e m e mmme oo
<
[0
L
3
S 2000 [==========—-————--
(G
O
a
<

0001

1LSB FSR/2 FSR-1LSB Vi
Single-Ended Analog Input
Figure 80. ADS7946 Transfer Characteristics
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DEVICE OPERATION

The ADS7945/6 operate with either a 16-clock frame or 32-clock frame for ease of interfacing with the host
processor.

16-CLOCK FRAME

Figure 81 shows the devices operating in 16-clock mode. This mode is the fastest mode for device operation. In
this mode, the devices output data from previous conversions while converting the recently sampled signal.

As shown in Figure 81, the ADS7945/6 start acquisition of the analog input from the 16th falling edge of SCLK.
The device samples the input signal on the CS falling edge. SDO comes out of 3-state and the device outputs
the MSB on the CS falling edge. The device outputs the next lower SDO bits on every SCLK falling edge after it
has first seen the SCLK rising edge. The data correspond to the sample and conversion completed in the
previous frame. During a CS low period, the device converts the recently sampled signal. It uses SCLK for
conversions. Conversion is complete on the 16th SCLK falling edge. CS can be high at any time after the 16th
SCLK falling edge (see the Parameter Measurement Information for more details). The CS rising edge after the
16th SCLK falling edge and before the 29th SCLK falling edge keeps the device in the 16-clock data frame. The
device output goes to 3-state when CS is high. It is also permissible to stop SCLK after the device has seen the
16th SCLK falling edge.

Sample N Sample N + 1

< tconv
y

SCLK 1 2 3 4 5 6 7 8 9 10 |11 12| |13] [14] |19

SDo

Data From Sample N - 1

Figure 81. ADS7945/6 Operating in 16-Clock Mode without Power-Down (PDEN = 0)

32-CLOCK FRAME

Figure 82 shows the devices operating in 32-clock mode. In this mode, the devices convert and output the data
from the most recent sample before taking the next sample.

Sample N Sample N + 1
1/

SAMPLE

h 4
A

ACQ

<

)
SCLK 1 2 1 P12 |16 17 |18 23| |24 |25 |26] |27| (28] |29 [30] |[31] |32

)) ))

Data From Sample N

Figure 82. ADS7945/6 Operation in 32-Clock Frame without Power-Down (PDEN = 0)
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CS can be held low past the 16th falling edge of SCLK. The devices continue to output recently converted data
starting with the 16th SCLK falling edge. If CS is held low until the 30th SCLK falling edge, then the devices
detect 32-clock mode. Note that the device data from recent conversions are already output with no latency
before the 30th SCLK falling edge. Once 32-clock mode is detected, the device outputs 16 zeros during the next
conversion (in fact, for the first 16 clocks), unlike 16-clock mode where the devices output the previous
conversion result. SCLK can be stopped after the devices have seen the 30th falling edge with CS low.

CONVERSION ABORT

For some event triggered applications such as latching position of absolute position sensor on marker or homing
pulse, it is essential to abort ongoing conversion on event and quickly start fresh acquisition. ADS794X features
conversion abort function. CS high during conversion (during first 16 clocks) will abort ongoing conversion and
start fresh acquisition. Device will sample acquired signal during CS high period on falling edge of CS and will
start conversion normally, however data on SDO (conversion results from aborted frame) will not be valid.

For example if conversion is aborted during ‘n™ frame and (n+1) is first valid frame after conversion abort. SDO
data during frame number (n+1) (corresponding to n" conversion) will not be valid. Conversion results for sample
and conversion during frame number (n+1) will be available in frame number (n+2).

POWER-DOWN

The ADS7945/6 devices offer an easy-to-use power-down feature available through a dedicated PDEN pin (pin
12). A high level on PDEN at the CS rising edge enables the power-down mode for that particular cycle.
Figure 83 to Figure 85 illustrate device operation with power-down in both 32-clock and 16-clock mode.

Many applications must slow device operation. For speeds below approximately 500 kSPS, it is convenient to
use 32-clock mode with power-down. This configuration results in considerable power savings.

As shown in Figure 83, PDEN is held at a logic '1' level. Note that the device looks at the PDEN status only at
the CS rising edge; however, for continuous low-speed operation, it is convenient to continuously hold PDEN = 1.
The devices detect power-down mode on the CS rising edge with PDEN = 1.

——t P —t, —P
v CONV ACq o
CcS tacamn* |
1us
=3 T b S b T A
SCLK 1 | |1| |2| 14| |15 |16] [17] |18 " 27| |28 |eo| fsof 31| fs2] + b v} |} v} o0} |_
[ — - 1 1 1 1 1
—
wo —h____, D e €2 G CA N -

)

[(§
)

Power-Down State

(Internal) £

I DYNAMIC
f)‘) ISTAT IC —_—

lavpp Profile IPDgrarc if
SCLK is off,

IPD, .
(}(} DYNAMIC otherwise

IF,DDYNAMIC'

Figure 83. Operation with a 32-Clock Frame in Power-Down Mode (PDEN = 1)

On the CS falling edge, the devices start normal operation as previously described. The devices complete
conversions on the 16th SCLK falling edge. The devices enter the power-down state immediately after
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conversions complete. However, the devices can still output data as per the timings described previously. The
devices consume dynamic power-down current (lpp.pynamic) during data out operations. It is recommended to
stop the clock after the 32nd SCLK falling edge to further save power down to the static power-down current
level (Iop.sTaTic)- The devices power up again on the SCLK rising edge. However, they require an extra 1 ys to
power up completely. CS must be high for the 1 us + tacq (min) period.
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In some applications, data collection is accomplished in burst mode. The system powers down after data
collection. 16-clock mode is convenient for these applications. Figure 84 and Figure 85 detail power saving in
16-clock burst mode.

tposu -

PDEN (¢ (¢ {C
) ) Rl
Sample Sample Dummy
Y N-1 YN
CS (¢ | (¢ S

) )

SCLK | | |1| |2| 3815 16 1 2 3815 16

Data From Sample Data From Sample Data From Sample

Power-Down
(Internal)

Figure 84. Entry Into Power-Down with 16-Clock Burst Mode

As shown in Figure 84, the two frames capturing the N—1 and Nth samples are normal 16-clock frames. Keeping
PDEN = 1 before the CS rising edge in the next frame ensures that the devices detect the power-down mode.
Data from the Nth sample are read during this frame. It is expected that the Nth sample represents the last data
of interest in the burst of conversions. The devices enter the power-down state after the end of conversions. This
is the 16th SCLK falling edge. It is recommended to stop the clock after the 16th SCLK falling edge. Note that it
is mandatory not to have more than 29 SCLK falling edges during the CS low period. This limitation ensures that
the devices remain in 16-clock mode.

The devices remain in a power-down state as long as CS is low. A CS rising edge with PDEN = 0 brings the
devices out of the power-down state. It is necessary to ensure that the CS high time for the first sample after
power up is more than 1 ps + tacq (Min).

*1 4 tppsy
PDEN 1
1 ()() ()()
Sample Sample Sample
r N+1 ¥ N+2 ¥ N+3
Cs | (. | (. |
tyy+ 1us ) )7
§ §
SCLK 1 2 15 16} 1 2 1 16| 1 2
. S . S -
) )
spo o= (O
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Power-Down N+1 N+2
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)) ))
Figure 85. Exit From Power-Down with 16-Clock Burst Mode
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APPLICATION INFORMATION: ADS7945

The ADS7945 employs a sample-and-hold stage at the input; see Figure 76 for a typical equivalent circuit of a
sample-and-hold stage. The device connects a 32 pF sampling capacitor during sampling. This configuration
results in a glitch at the input terminals of the device at the start of the sample. The external circuit must be
designed in such a way that the input can settle to the required accuracy during the sampling time chosen.
Figure 86 shows a typical driving circuit for the analog inputs.

0.y, OPAB3® VA

I
§ i o8 A|NxPAVDD
B
> o - 1
§ Yz 50Q 700 ADS7945
° | Voo OPAe3s A'NXNGND

50 ~

50 Q
Figure 86. Typical Input Driving Circuit for the ADS7945

The 470 pF capacitor across the AINXP and AINXN terminals decouples the driving op amp from the sampling
glitch. It is recommended to split the series resistance of the input filter in two equal values as shown in
Figure 86. It is recommended that both input terminals see the same impedance from the external circuit. The
low-pass filter at the input limits noise bandwidth of the driving op amps. Select the filter bandwidth so that the
full-scale step at the input can settle to the required accuracy during the sampling time. Equation 1, Equation 2,
and Equation 3 are useful for filter component selection.
Sampling Time
Filter Time Constant (t,) =

Settling Resolution x In(2)

Where:
Settling resolution is the accuracy in LSB to which the input needs to settle. A typical settling resolution
for the 14-bit device is 15 or 16. Q)
Filter Time Constant (t,;)) =R x C @

Filter Bandwidth =
2 X T X tAU (3)

Also, make sure the driving op amp bandwidth does not limit the signal bandwidth below filter bandwidth. In
many applications, signal bandwidth may be much lower than filter bandwidth. In this case, an additional
low-pass filter may be used at the input of the driving op amp. This signal filter bandwidth can be selected in
accordance with the input signal bandwidth.

INPUT COMMON-MODE RANGE

The AIN+ and AIN- inputs to the ADS7945 should typically vary between 0 V and Vggr with a common-mode of
Vree/2. The ADS7945 offers excellent CMRR which makes it possible to achieve close to the rated performance
of the converter even in cases where the common-mode input is not well-controlled. The device can accept a
+200 mV variation in the common-mode voltage at any VDD/Vgge combination allowing use of the entire ADC
signal range (—Vree to +Vger differentially).

Copyright © 2011, Texas Instruments Incorporated Submit Documentation Feedback 33
Product Folder Link(s): ADS7945 ADS7946



ADS7945 i

13 TEXAS
ADS7946 INSTRUMENTS
SBAS539B —JUNE 2011-REVISED SEPTEMBER 2011 www.ti.com

DRIVING AN ADC WITHOUT A DRIVING OP AMP

For some low input signal bandwidth applications, such as battery power monitoring or mains monitoring, it is not
required to operate an ADC at high sampling rates. In fact, it is desirable to avoid using a driving op amp from a
cost perspective. In these cases, the ADC input sees the impedance of the signal source (such as a battery or
mains transformer). This section elaborates the effects of source impedance on sampling frequency.

Equation 1 can be rewritten as Equation 4:
Sampling Time = Filter Time Constant x Settling Resolution x In(2) 4

As shown in Figure 87, it is recommended to use a bypass capacitor across the positive and negative ADC input
terminals.

RSOURCE RS
—AANN— AVDD
AINxP
CBYPASS
AINxN
+
C— ADS7945
RSOURCE RS i&
VVYV GND
Signal Source

v GND
Figure 87. Driving an ADS7945 ADC Without a Driving Op Amp

Source impedance (2 x Rggurce + 2 ¥ Rg) with (Cgypass + CsampLe) acts as a low-pass filter with Equation 5:
Filter Time Constant = 2 x (Rsource + Rs) * (Cgypass + CsawpLe)

where:
CsamvpLe IS the internal sampling capacitance of the ADC (equal to 32 pF). (5)
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Table 4 lists the recommended bypass capacitor values and the filter time constant for different source
resistances. It is recommended to use a 10 pF bypass capacitor, at minimum. Table 4 assumes Rg = 5 Q;
however, depending on the application, Rg can be chosen to be 0 Q. In this case, there is an extra margin of 5 Q

for Rsource-

Table 4. Filter Time Constant versus Source Resistance

APPROXIMATE Cgypass FILTER TIME
2 x Rsource (Q) 2 x (Rsource * Rs) (pF) Csypass * CsampLE (PF) CONSTANT (ns)
18 28 220 252 7.2
44 54 100 132 7.2
81 91 47 79 7.2
161 171 10 42 7.2
500 510 10 42 21
1000 1010 10 42 42
5000 5010 10 42 210

Typically, settling resolution is selected as (ADC resolution + 2). For the ADS7945 (14-bit) the ideal settling
resolution is 16. Using Equation 2 and Equation 3, the sampling time can be easily determined for a given source
impedance and allows 80 ns of sampling time for a 14-bit ADC with 7.2 ns of filter time constant, which matches
the ADS7945 specifications. For net source impedance (2 % (Rsource + Rs)) above 171 Q, the filter time
constant continues to increase beyond the 7.2 ns required for an 80 ns sampling time. This increment increases
the minimum permissible sampling time for 14-bit settling and the device must be operated at a lower sampling
rate.

The device sampling rate can be maximized by using a 40 MHz clock even for lower throughputs. Table 5 shows
typical calculations for the ADS7945.

Table 5. Sampling Frequency versus Source Impedance for the ADS7945 (14-Bit)

SAMPLING TIME, | CONVERSION TIME, | CYCLE TIME, tacq +| SAMPLING RATE
2 x Rgoyrce (Q) Cgypass (PF) tacg (ns) tcony (NS) tcony (NS) (MSPS)
161 80 (with 40 Mtz clock) 500 2
500 235 (with 404632 clock) 655 15
1000 468 (with 40 Mtz clock) 888 11
5000 2331 with 404,532 clock) 2751 0.4

It is necessary to allow 1000 ns additional sampling time over what is shown in Table 5 if PDEN (pin 12) is set

high.
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APPLICATION INFORMATION: ADS7946

The ADS7946 employs a sample-and-hold stage at the input; see Figure 76 for a typical equivalent circuit of a
sample-and-hold stage. The device connects a 32 pF sampling capacitor during sampling. This configuration
results in a glitch at the input terminals of the device at the start of the sample. The external circuit must be
designed in such a way that the input can settle to the required accuracy during the sampling time chosen.
Figure 88 shows a typical driving circuit for the analog inputs.

OPAS836
0 - Vier YA
50 AVDD
AINXP
50Q ——
-1 ADS794
470 pF S7946
AINXGND

;50 G;\;)

Figure 88. Typical Input Driving Circuit For the ADS7946

The 470 pF capacitor across the AINx and AINXGND terminals decouples the driving op amp from the sampling
glitch. It is recommended to split the series resistance of the input filter in two equal values, as shown in
Figure 88. It is recommended that both input terminals see the same impedance from the external circuit. The
low-pass filter at the input limits noise bandwidth of the driving op amp. Select the filter bandwidth so that the
full-scale step at the input can settle to the required accuracy during the sampling time. Equation 6, Equation 7,
and Equation 8 are useful for filter component selection.
Sampling Time
Filter Time Constant (t,,) =

Settling Resolution x In(2)

where:
Settling resolution is the accuracy in LSB to which the input must settle. A typical settling resolution for
the 14-bit device is 15 or 16. (6)
Filter Time Constant (t,,)) =R x C @
1
Filter Bandwidth = ———
2 x 7t x ty, (8)

Also, make sure the driving op amp bandwidth does not limit the signal bandwidth below filter bandwidth. In
many applications, signal bandwidth may be much lower than filter bandwidth. In this case, an additional
low-pass filter may be used at the input of the driving op amp. This signal filter bandwidth can be selected in
accordance with the input signal bandwidth.

36 Submit Documentation Feedback Copyright © 2011, Texas Instruments Incorporated

Product Folder Link(s): ADS7945 ADS7946



. ADS7945

13 TEXAS
INSTRUMENTS ADS7946
www.ti.com SBAS539B —JUNE 2011-REVISED SEPTEMBER 2011

DRIVING AN ADC WITHOUT A DRIVING OP AMP

For some low input signal bandwidth applications, such as battery power monitoring or mains monitoring, it is not
required to operate an ADC at high sampling rates. In fact, it is desirable to avoid using a driving op amp from a
cost perspective. In this case, the ADC input sees the impedance of the signal Equation 4 source (such as a
battery or mains transformer). This section elaborates the effects of source impedance on sampling frequency.

Equation 6 can be rewritten as Equation 9:
Sampling Time = Filter Time Constant x Settling Resolution x In(2) ©)]

As shown in Figure 89, it is recommended to use a bypass capacitor across the positive and negative ADC input
terminals.

RSOURCE

— AN~ AVDD

@ AINxP

Signal Source —_!
CBYPASS

" AINXGND
<_> ADS7946

R <~

GND

.~ GND
Figure 89. Driving an ADS7946 ADC Without a Driving Op Amp

Source impedance (Rspoyrce + Rs) with (Cgypass + CsampLe) &cts as a low-pass filter with Equation 10:
Filter Time Constant = (Rsource + Rs) * (Caypass + CsampLe)

Where:
CsavpLe IS the internal sampling capacitance of the ADC (equal to 32 pF). (20)
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Table 6 lists the recommended bypass capacitor values and the filter time constant for different source

resistances. It is recommended to use a 10 pF bypass capacitor (minimum).

Table 6. Filter Time Constant versus Source Resistance

APPROXIMATE Cgypass FILTER TIME

Rsource (Q) Rsource * Rs (pF) Caypass + CsampLE (PF) CONSTANT (ns)
23 28 220 252 7.2
49 54 100 132 7.2
86 91 47 79 7.2
166 171 10 42 7.2
500 505 10 42 21
1000 1005 10 42 42
5000 5005 10 42 210

Typically, settling resolution is selected as (ADC resolution + 2). For the ADS7946 (14-bit) the ideal settling
resolution is 16. Using equations Equation 7 and Equation 8, the sampling time can be easily determined for a
given source impedance and allows 80 ns of sampling time for a 14-bit ADC with 7.2 ns of filter time constant,
which matches the ADS7946 specifications. For source impedance above 166 Q, the filter time constant
continues to increase beyond the 7.2 ns required for an 80 ns sampling time. This increment increases the
minimum permissible sampling time for 14-bit settling and the device must be operated at a lower sampling rate.

The device sampling rate can be maximized by using a 40 MHz clock even for lower throughputs. Table 7 shows
typical calculations for the ADS7946.

Table 7. Sampling Frequency versus Source Impedance for the ADS7946 (14-Bit)

SAMPLING TIME, | CONVERSION TIME, | CYCLE TIME, tacg + | SAMPLING RATE
Rsource (Q) Caypass (PF) taco (ns) tcony (NS) tcony (NS) (MSPS)
166 10 80 (with 404|\ﬁlc—)|z clock) 500 2
500 10 235 (with 40 Mz clock) 655 1.5
1000 10 468 with o0 lock) 888 11
5000 10 2331 (with 404'522 clock) 2751 0.4

It is necessary to allow 1000 ns additional sampling time over what is shown in Table 7 if PDEN (pin 12) is set

high.
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PCB LAYOUT/SCHEMATIC GUIDELINES: ADS7945

The ADS7945 is a mixed-signal device. For maximum performance, proper decoupling, grounding, and proper
termination of digital signals are essential. Figure 90 shows the essential components around the ADC. All
capacitors shown are ceramic. These decoupling capacitors must be placed close to the respective signal pins.

There is a 47 Q source series termination resistor shown on_the SDO signal. This resistor must be placed as
close to pin 15 as possible. Series terminations for SCLK and CS must be placed close to the host.
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Figure 90. Recommended ADS7945 ADC Schematic
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A common ground plane for both analog and digital often enables better results. Typically, the second PCB layer
is the ground plane. The ADC ground pins are returned to the ground plane through multiple vias (PTH). It is a
good practice to place analog components on one side and digital components on other side of the ADC (or
ADCs). All signals must be routed, assuming there is a split ground plane for analog and digital. Furthermore, it
is better to split the ground initially during layout. Route all analog and digital traces so that the traces see the
respective ground all along the second layer. Then short both grounds to form a common ground plane.
Figure 91 shows a typical layout around the ADC.

Figure 91. Recommended ADS7945 ADC Layout
(Only top layer is shown; second layer is common ground for analog and digital)
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PCB LAYOUT/SCHEMATIC GUIDELINES: ADS7946

The ADS7946 is a mixed-signal device. For maximum performance, proper decoupling, grounding, and proper
termination of digital signals are essential. Figure 92 shows the essential components around the ADC. All
capacitors shown are ceramic. These decoupling capacitors must be placed close to the respective signal pins.

There is a 47 Q source series termination resistor shown on_the SDO signal. This resistor must be placed as
close to pin 15 as possible. Series terminations for SCLK and CS must be placed close to the host.
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Figure 92. Recommended ADS7946 ADC Schematic
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A common ground plane for both analog and digital often enables better results. Typically, the second PCB layer
is the ground plane. The ADC ground pins are returned to the ground plane through multiple vias (PTH). It is a
good practice to place analog components on one side and digital components on other side of the ADC (or
ADCs). All signals must be routed, assuming there is a split ground plane for analog and digital. Furthermore, it
is better to split the ground initially during layout. Route all analog and digital traces so that the traces see the
respective ground all along the second layer. Then short both grounds to form a common ground plane.
Figure 93 shows a typical layout around the ADC.

Figure 93. Recommended ADS7946 ADC Layout
(Only top layer is shown; second layer is common ground for analog and digital)
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PACKAGING INFORMATION

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

ADS7945SRTER ACTIVE WQFN RTE 16 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 7945 Samples
& no Sh/Br)

ADS7945SRTET ACTIVE WQFN RTE 16 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 7945 Samples
& no Sh/Br)

ADS7946SRTER ACTIVE WQFN RTE 16 3000 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 7946 Samples
& no Sh/Br)

ADS7946SRTET ACTIVE WQFN RTE 16 250 Green (RoHS CU NIPDAU Level-2-260C-1 YEAR  -40to 125 7946 Samples
& no Sh/Br)

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

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

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

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

® Lead/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.

Addendum-Page 1
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Important Information and Disclaimer: The information provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
* —» =K e— P1—
% { I
iy’
@ ’@ @ Bf l
A T {
Cavity (€ A0 P,
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
v w Overall width of the carrier tape
P1 Pitch between successive cavity centers
E W1
TAPE AND REEL INFORMATION
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
ADS7945SRTER WQFN RTE 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
ADS7945SRTET WQFN RTE 16 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
ADS7946SRTER WQFN RTE 16 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
ADS7946SRTET WQFN RTE 16 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADS7945SRTER WQFN RTE 16 3000 367.0 367.0 35.0
ADS7945SRTET WQFN RTE 16 250 210.0 185.0 35.0
ADS7946SRTER WQFN RTE 16 3000 367.0 367.0 35.0
ADS7946SRTET WQFN RTE 16 250 210.0 185.0 35.0
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MECHANICAL DATA

RTE (S—PWQFN—N16) PLASTIC QUAD FLATPACK NO—-LEAD
g
\
\
3,15

16

PIN 1 INDEX AREA — | ",
TOP AND BOTTOM : \

0,80
0.70
=3 l 0,20 REF.
s
v 4D_D_D_D7i s ! SEATING PLANE
B3 005 |
0.00
16X8:—281 | |
JUIUU
T —
]

JUUU

-
é ~— EXPOSED&ERMAL PAD

J 16y .30 aﬂ
0,18
05

4205254 /D 0111

A.All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.
B. This drawing is subject to change without notice.
C. Quad Flatpack, No—leads (QFN) package configuration.
@ The package thermal pad must be soldered to the board for thermal and mechanical performance.
See the Product Data Sheet for details regarding the exposed thermal pad dimensions.
E. Falls within JEDEC MO-220.
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THERMAL PAD MECHANICAL DATA

RTE (S—PWQFN—N16)

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) ™\

16

5

1,66x0,10

v

13

N AN

Exposed Thermal Pad Dimensions

U0

*/g

(-

) s
T ol

<+—»— 1,66x0,10

Bottom View

|_—— Exposed Thermal Pad

4206446-8/U 08/15

NOTE: A. All linear dimensions are in millimeters
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LAND PATTERN DATA

RTE (S—PWQFN—N16) PLASTIC QUAD FLATPACK NO—-LEAD

Example Board Layout Example Stencil Design
(Note E)

[— o5 —| |—os

Note D U U U D ] [ ]
J_ RO,115 [
OV 5 &= CT ) [0 ], &
- - ond oI 12
O 21 38 4x0,7 2,15 3,75
> 1 L ]
O O 02 |
= ] = %07 [—
= 2 | 215
38 3,75
I- ' 68% solder coverage on center pad
i Non Solder Mask _ _
i Defined Pad E)gample Via Layout Design
| o Via pattern may vary due
' - to layout constraints
Example (Note D, F)
Solder Mask Opening |<_ 1,7 _—|
RO,14 (Note F) *
[ { O O
; 05 |
l i ) 1,7 f 1,0
0,85 0,28 Pad Geometry
Y /[ (Note C) @ +
All around X
0,5 ~— 5x90,3
1,0 |=—
4209446-2/K 04/15
NOTES: A. All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for alternate designs.
D. 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>.
E. 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.
F. Customers should contact their board fabrication site for minimum solder mask web tolerances between signal pads.
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IMPORTANT NOTICE AND DISCLAIMER

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

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated
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