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5 Pin Configuration and Functions

PBS package

32-Pin TQFP
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Pin Functions
PIN a
10 DESCRIPTION®
NO. NAME
LVDD analog supply.
1 LVDD Supply INTLDO = 0: LVDD is an analog-supply output pin. Connect a 1-pF capacitor to AGND.
INTLDO = 1: LVDD is an analog-supply input pin. Connect to a 1.8-V supply.
Modulator common-mode voltage.
2 CAP1 Analog output Connect a 1-uF capacitor to AGND
3 AINN Analog input Negative analog input.
AINP Analog input Positive analog input.
AGND Supply Analog ground.
Analog supply.
6 AVDD Supply Connect a 1-pF capacitor to AGND.
Analog power-scaling bias resistor pin.
. Recommended external resistor values:
7 REXT Analog input Rext = 60.4 kQ to AGND for high-resolution (HR) and low-power (LP) modes
Rext = 120 kQ to AGND for very-low-power (VLP) mode
LVDD voltage selection pin (pull high to AVDD or low to AGND through 10-kQ resistor).
8 INTLDO Digital input 0: Internal analog low-dropout regulator (LDO) for LVDD voltage supply.
1: External LVDD voltage supply.
. Positive analog reference input.
9 REFP Analog input Connect a minimum 10-pF capacitor to REFN
10 REFN Analog input Negative analog reference input.
Reference common-mode voltage.
1 CAP2 Analog output Connect a 1-uF capacitor to AGND.

(1) See the Unused Inputs and Outputs section for unused pin connections.

4
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Pin Functions (continued)
PIN a
10 DESCRIPTION®
NO. NAME
12 FILTER1 Digital input Digital filter select pin®.
00: Wideband 1 filter (WB1)
L 01: Wideband 2 filter (WB2)
13 FILTERO Digital input 10: Low-latency filter (LL)
11: Reserved
Frame-sync mode pin®.
S 0: Slave mode
14 FSMODE Digital input . . . .
9 P 1: Master mode. Applies to Frame-Sync interface mode only. No effect in SPI interface
mode.
15 OSR1 Digital input Oversampling ratio (OSR) pin for the decimation filters @,
Wideband filters, FILTER[1:0] = 00 or 01:
00: 32x oversampling (OSR 32)
01: 64x oversampling (OSR 64)
10: 128x oversampling (OSR 128)
16 OSRO Digital inout 11: 256x oversampling (OSR 256)
'grtatinpu Low-latency filter, FILTER[1:0] = 10:
00: 32x oversampling (OSR 32)
01: 128x oversampling (OSR 128)
10: 512x oversampling (OSR 512)
11: 2048x oversampling (OSR 2048)
17 START Digital input Synchronization signal to start or restart a conversion.
18 DAISYIN Digital input Daisy-chain input.
— i . i ®)
19 DRDY/FSYNC | Digital inputioutput | oF' Interface: Data ready, active low ™%, -
Frame-sync interface: Frame-sync input signal
20 DOUT Digital output Serial data output
P Serial data input.
21 DIN Digital input Tie directly to DGND when using the frame-sync interface.
22 SCLK Digital input/output | Serial clock input®).
—_— S Chip select.
23 €S Digital input Tie directly to DGND when using the frame-sync interface.
24 CLK Digital input Master clock input.
Internally-generated digital operating voltage.
25 CAP3 Analog output Connect a 1-uF capacitor to DGND.
26 DGND Supply Digital ground.
Digital supply.
21 DVDD Supply Connect a 1-uF capacitor to DGND®)
28 RESET/PWDN Digital input Reset or power-down pin, active low®).
ADC operating mode @,
29 HR Digital input 1: High-resolution (HR)
0: Low-power (LP) or very-low-power (VLP)®
Interface select pin@.
30 FORMAT Digital input 0: SPI
1: Frame-Sync
31 AGND Supply Analog ground.
Analog supply.
32 AVDD Supply Decouple AVDD to AGND with a 1-uF capacitor.
(2) Pull the hardware mode pins high to DVDD or low to DGND through 100-kQ resistors.

®3)

See the Reset and Power-Down Pin (RESET/PWDN) section for specific hardware design details if using power-down mode.
(4) Entering LP mode or VLP mode is set by Rgxr resistor value.
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6 Specifications

6.1 Absolute Maximum Ratings®

MIN MAX UNIT

AVDD to AGND -0.3 4.0
DVDD to DGND -0.3 4.0
LVDD to AGND -0.3 2.0

Voltage AGND to DGND -0.3 0.3 v
REFP to AGND -0.3 AVDD + 0.3
REFN to AGND -0.3 AVDD + 0.3
Analog input AGND - 0.3 AVDD + 0.3
Digital input DGND - 0.3 DVDD + 0.3

Current Input, continuous, any pin except power supply pins @ -10 10 mA
Operating ambient, T —40 125

Temperature Junction, Ty 150 °C
Storage, Tsyg -60 150

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

(2) Input pins are diode-clamped to the power-supply rails. Limit the input current to 10 mA or less if the analog input voltage exceeds
AVDD + 0.3 V or is less than AGND — 0.3 V, or if the digital input voltage exceeds DVDD + 0.3 V or is less than DGND — 0.3 V.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001®) +2000
V(esp) Electrostatic discharge - — 2 \%
Charged-device model (CDM), per JEDEC specification JESD22-C101®@ +1000

(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.

Copyright © 2016, Texas Instruments Incorporated
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6.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)
| MIN NOM MAX UNIT
POWER SUPPLY
AVDD Analog power supply 2.7 3.0 3.6 \%
LVDD Low voltage analog supply INTLDO = 1 1.7 1.8 1.9 \%
DVDD Digital supply 1.7 1.8 3.6 \%
ANALOG INPUTS
Vin Differential input voltage Vin = (Vaine = Vainn) —VRer VRer \
xﬁ:zz Absolute input voltage AINP or AINN to AGND AGND AVDD Vv
Vewm Common-mode input voltage Vewm = (Vane + Vann) / 2 AVDD /2 \%
VOLTAGE REFERENCE INPUTS
VReEN Negative reference input AGND - 0.1 AGND AGND + 1.0 \%
VRerp Positive reference input Vgeen + 0.5 25 AVDD \%
VRer Reference input voltage Vrer = Vrerp — VREEN 0.5 25 3.0 \%
EXTERNAL CLOCK SOURCE
HR mode 0.1 16.384 17.6
fok Master clock rate® LP mode 0.1 8.192 8.8 MHz
VLP mode 0.1 4.096 4.4
DIGITAL INPUTS
Input voltage \ | DGND DvOD| v
TEMPERATURE RANGE
Ta Operating ambient temperature ‘ | —40 125 ‘ °C
(1) To meet maximum speed conditions, fc k duty cycle must be 49% < duty cycle < 51%.
6.4 Thermal Information
ADS127L01
THERMAL METRIC® PBS (TQFP) UNIT
32 PINS
Rgia Junction-to-ambient thermal resistance 73.4 °C/W
Rojctop) Junction-to-case (top) thermal resistance 15.9 °C/W
Rgis Junction-to-board thermal resistance 26.7 °C/W
T Junction-to-top characterization parameter 0.4 °C/W
viB Junction-to-board characterization parameter 26.5 °C/W
Rocbot) Junction-to-case (bottom) thermal resistance N/A °C/W

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

Minimum and maximum specifications apply from T, = —40°C to +125°C. Typical specifications are at T, = 25°C.
All specifications are at AVDD =3V, LVDD = 1.8 V (external), DVDD = 1.8 V, Vgge = 2.5V, INTLDO = 1, FILTER[1:0] = 01
(WB2), and fc x = 16.384 MHz for HR mode, 8.192 MHz for LP mode, or 4.096 MHz for VLP mode (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX | UNIT
ANALOG INPUTS
HR mode, fc k = 16.384 MHz 5
Differential input LP mode, fo x = 8.192 MHz 11 kQ
impedance
VLP mode, fc x = 4.096 MHz 23
DC PERFORMANCE
Resolution No missing codes 24 Bits
Wideband filters 512, 256, 128, 64
HR mode
Low-latency filter 512,128, 32,8
Wideband filters 256, 128, 64, 32
foata Data rate LP mode - kSPS
Low-latency filter 256, 64, 16, 4
Wideband filters 128, 64, 32, 16
VLP mode
Low-latency filter 128, 32,8, 2
HR mode Vew = AVDD / 2 25 10
INL Integral nonlinearity® LP mode Vew = AVDD / 2 1 ppm
VLP mode Vew = AVDD / 2 1
Offset error 0.1 mvV
Offset drift 15 3.0 uv/°C
Gain error 0.2 %FSR
Gain calibration accuracy 0.003%
HR mode 0.8 3
Gain drift LP mode 0.4 25 ppm/°C
VLP mode 0.2 2
WB2, OSR 32 10.6
. WB2, OSR 64 7.3 10.1
Noise® HR mode WVems
WB2, OSR 128 51 7.2
WB2, OSR 256 3.6 5.2
CMRR Common-mode rejection fou = 60 Hz 05 dB
ratio
AVDD 90
PSRR ;‘t’i"c‘,’er’su"p'y rejection | ¢ - 60 Hz DVDD 85 dB
LVDD 80

(1) Best fit method.
(2) For all Wideband filter configurations, see Table 1. For all Low-latency filter configurations, see Table 2.
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Electrical Characteristics (continued)

Minimum and maximum specifications apply from T, = —40°C to +125°C. Typical specifications are at T, = 25°C.
All specifications are at AVDD = 3V, LVDD = 1.8 V (external), DVDD = 1.8 V, Vgge = 2.5V, INTLDO = 1, FILTER[1:0] = 01
(WB2), and fg « = 16.384 MHz for HR mode, 8.192 MHz for LP mode, or 4.096 MHz for VLP mode (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX|  UNIT
AC PERFORMANCE
WB2, OSR 32 104.4
WB2, OSR 64 104.9 107.8
WB2, OSR 128 107.9 110.9
SNR Signal-to-noise ratio@® WB2, OSR 256 1106 1139 dB
WB2, OSR 32, Vger =3V 105.8
WB2, OSR 64, Vggr = 3V 109.3
WB2, OSR 128, Vger = 3V 112
WB2, OSR 256, Vger = 3 V 1155
HR mode, fiy = 4 kHz, V|y =-0.5 dBFS -113
THD gi(;t;'r{i‘gr:’{lf’”ic LP mode, fiy = 4 kHz, Vi = -0.5 dBFS ~126 dB
VLP mode, fiy = 4 kHz, V\y =-0.5 dBFS -129
HR mode -115
SFDR rsa%'éous'free dynamic ) 5 ode -130 dB
VLP mode -130
DIGITAL FILTER RESPONSE: WIDEBAND
Bandwidth See Table 1
Pass-band ripple +0.000032 dB
FILTER[1:0] = 00 (WB1) (04510 0.55) x
Transition band 040100 ;[:)AT: Hz
FILTER[1:0] = 01 (WB2) (04010 0. fDA)TA
Stop-band attenuation 116 dB
Group delay 42 [ foata s
Settling time Complete settling 84 / foata s
DIGITAL FILTER RESPONSE: LOW-LATENCY
Bandwidth See Table 2
Group delay See Low-Latency Filter section
Settling time See Low-Latency Filter section
VOLTAGE REFERENCE INPUTS
HR mode 2.2
:?T'fgzge;ncfei”pu‘ LP mode 3.2 kQ
VLP mode 4
SYSTEM MONITORS
rcpctljjtrg:;/;r—range detect +100 mv
DIGITAL INPUT/OUTPUT (DVDD = 1.7 V to 3.6 V)
Viy High-level input voltage 0.7 DVDD DVDD \Y,
Vi Low-level input voltage DGND 0.3 DVDD \Y,
Von High-level output voltage | loy =2 mA 0.8 DVDD DVDD \
VoL Low-level output voltage | o =2 mA DGND 0.2 DVDD \
Iy Input leakage, high lh=3.6V -10 10 A
I Input leakage, low I. = DGND -10 10 A

(3) Minimum SNR is ensured by the limit of the dc noise specification.
(4) THD includes the first nine harmonics of the input signal.
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Electrical Characteristics (continued)

Minimum and maximum specifications apply from T, = —40°C to +125°C. Typical specifications are at T, = 25°C.
All specifications are at AVDD = 3V, LVDD = 1.8 V (external), DVDD = 1.8 V, Vgge = 2.5V, INTLDO = 1, FILTER[1:0] = 01
(WB2), and fg « = 16.384 MHz for HR mode, 8.192 MHz for LP mode, or 4.096 MHz for VLP mode (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP MAX|  UNIT
POWER SUPPLY
AVDD INTLDO =0 8
INTLDO = 1 2
Power-down current HA
DVDD 0.6
LVDD, INTLDO = 1 0.6
HR mode 1.3 1.6
lavop AVDD current LP mode 0.8 1.0 mA
VLP mode 0.4 0.6
HR mode 9.3 11
ILvoD LVDD current® © LP mode 4.6 5.5 mA
VLP mode 2.3 2.8
HR mode OSR 128 2.8 3.4
Iovop DVDD current® LP mode OSR 128 15 1.8 mA
VLP mode OSR 128 0.8 1.1
oo [T,
DvDD =18V INTLDO = 0 36.8 44.2
LP mode, OSR 128, INTLDO = 1, 134 161
Pp Power dissipation AVDD =3.0V, LVDD =18V, mw
DVDD =18V INTLDO = 0 18.9 227
VLP mode, OSR 128, INTLDO = 1, 6.8 8.2
AVDD =3.0V, LVDD =18V,
DVDD =18V INTLDO = 0 95 11.4

(5) LVDD current sourced from AVDD when the internal LDO is used (INTLDO = 0).
(6) LVDD current scales with fc k; see Figure 47.
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6.6 Timing Requirements: Serial Interface

over operating ambient temperature range (unless otherwise noted)

28V <DVDD =36V 1.7VvsDVDD =28V
MIN TYP MAX MIN TYP MAX UNIT
HR mode 57 10,000 57 10,000
tecL) Master clock period LP mode 114 10,000 114 10,000 ns
VLP mode 227 10,000 227 10,000
HR mode 28 5,000 28 5,000
Pulse duration, Master clock
twcp) high or low LP mode 56 5,000 56 5,000 ns
VLP mode 112 5,000 112 5,000
Delay time, CS falling edge to first SCLK risin
tacssc) edge)(l) g edg g 8 12 ns
te(sc) SCLK period 40 6250 50 6250 ns
tw(scHL) Pulse duration, SCLK high or low 20 25 ns
tsu(piy Setup time, DIN valid before SCLK falling edge ns
thol) Hold time, DIN valid after SCLK falling edge ns
twicsH) Pulse duration, CS high tork
Delay time, final SCLK falling edge to CS rising
tasccs) edge 2 2 toik
td(DECODE) Delay time, command decode time 4 4 tolk
TOUT_DEL =0 216 218 ¢
SPI timeout® = - =
TOUT_DEL =1 2 2 tCLK
Setup time, DAISYIN valid before SCLK fallin
tsuci edgep g 5 8 ns
thoc) Hold time, DAISYIN valid after SCLK falling 20 o5 ns
edge
(1) CS can be tied low permanently in case the serial bus is not shared with any other device.
(2) See the SPI Timeout section for more information.
6.7 Switching Characteristics: Serial Interface Mode
over operating ambient temperature range (unless otherwise noted)
28V<DVDD<3.6V 1.7VsDVDD =28V
MIN TYP MAX MIN TYP MAX | UNIT
Propagation delay time,
th(cspo) CS falling edge to DOUT driven 12 18 ns
Propagation delay time,
thscoo) SCLK rising edge to valid new DOUT 15 21 ns
ty(po) Valid time, SCLK falling edge to DOUT invalid 18 tgcik /2 20 tgck/2 ns
Propagation delay time,
th(cspoz) CS rising edge to DOUT high impedance 20 20 ns
Copyright © 2016, Texas Instruments Incorporated 11
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Figure 1. SPI Interface Timing
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Figure 2. SPI Daisy-Chain Interface Timing
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6.8 Timing Requirements: Frame-Sync Master Mode
over operating ambient temperature range and DVDD = 1.7 V to 3.6 V (unless otherwise noted)
1.7vV=sDVDD 3.6 V
MIN TYP MAX UNIT
HR mode 57 10,000
tecL) Master clock period LP mode 114 10,000 ns
VLP mode 227 10,000
HR mode 28 5,000
twcp) Pulse duration, Master clock high or low LP mode 56 5,000 ns
VLP mode 112 5,000
6.9 Switching Characteristics: Frame-Sync Master Mode
over operating free-air temperature range (unless otherwise noted)
28V <DVDD =36V 1.7vVsDVDD =28V
MIN TYP MAX MIN TYP MAX UNIT
taicsc) eDciI;?ey time, CLK rising edge to SCLK falling 15 15 ns
te(FRAME) Frame period 1/ fpata 1/ fpata s
tw(rEp) Pulse duration, FSYNC high or low 1/ (2fpata) 1/ (2fpata) s
t Delay time, FSYNC rising edge to SCLK falling 6 8 ns
d(FSSC) edge
te(sc) SCLK period 1/ (32fpata) 1/ (32fpata) S
tw(scHL) Pulse duration, SCLK high or low 1/ (64fpata) 1/ (64fpata) S
ty(po) Valid time, SCLK rising edge to DOUT invalid 25 25 ns
wacon, et b crven . | s
fp(FsDO) Erso\mgca:ilgi%g eelggeugebom MSB valid 12 151 ns
ety AJ L* ﬂ kﬁ e
CLK
< te(FrAVE) >
’<_td(CSC) , ‘
e

\ 4

FSYNC | |« ) - Il_

J))
taFssc)—™ }47 tc(s o 44 H tw(scHL)
—————————— L
SCLK | ’j [ | [ "—| [ |

toFspo)—P
iz f 4 \Hpsm e
__________ ) :
pour Bit 31 X B|t30() X  Bit1s X Bit 14 () X Bit0 X

Figure 3. Frame-Sync Interface Timing Master Mode
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6.10 Timing Requirements: Frame-Sync Slave Mode
over operating ambient temperature range (unless otherwise noted)
28V <DVDD =36V 1.7V=DVDD =28V
MIN TYP MAX MIN TYP MAX UNIT
HR mode 57 10,000 57 10,000
tecL) Master clock period LP mode 114 10,000 114 10,000 ns
VLP mode 227 10,000 227 10,000
HR mode 28 5,000 28 5,000
Pulse duration, Master clock
twcp) high or low LP mode 56 5,000 56 5,000 ns
VLP mode 112 5,000 112 5,000
Delay time, CLK rising edge to SCLK fallin
td(CSC) edgey 9 g 9 2 2 ns
tC(FRAME) Frame period 1/ fDATA 1/ fDATA S
tw(Ep) Pulse durration, FSYNC high or low 2 2 tscLk
Delay time, FSYNC rising edge to SCLK fallin
taFssc) edgey g edg g 6 6 ns
Delay time, SCLK falling edge to FSYNC risin
tascrs) edgey gedg g 2 2 ns
te(sc) SCLK period 40 56 ns
tw(scHL) Pulse duration, SCLK high or low 20 28 ns
DAISY-CHAIN TIMING
Setup time, DAISYIN valid before SCLK risin
tsu(ocr edgep g 8 8 ns
Hold time, DAISYIN valid after SCLK risin
thoc) edge 9 25 31 ns
6.11 Switching Characteristics: Frame-Sync Slave Mode
over operating ambient temperature range (unless otherwise noted)
28V <DVDD <36V 1.7V<DVDD <28V
MIN TYP MAX MIN TYP MAX | UNIT
tv(po) Valid time, SCLK rising edge to DOUT invalid 17 25 ns
Propagation delay time,
th(scoo) SCLK falling edge to valid new DOUT 22 22 ns
Propagation delay time,
th(FsO) FSYNC rising edge to DOUT MSB valid 15 22 25 82| ns
t ﬂ ’47 twicp)
¢(CLK)
CLK
— tycso)
m teFrAME) >
FSYNC |« — tuer) >
- )
taFsse)—» ¢— H tw(scHL) tascrs) 4% -
teso) ,
- )
I Y A I U I O
tp(Fspo) = r— AJ F_tp (scp0) 44 ‘4— tvipo)
L

’ "ZX
DOUT :X Bit 31 Bit 30 Bit 15 Bit 14 Bit 0
NECERS I TS X

Figure 4. Frame-Sync Interface Timing Slave Mode
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Figure 5. Frame-Sync Interface Slave Daisy-Chain Timing
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6.12 Typical Characteristics

At T, = 25°C, AVDD = 3.3V, and external Vggr = 2.5 V (unless otherwise noted)

Amplitude (dB)
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0 40 80 120 160 200 240
Frequency (kHz)

fin = 4 kHz, Vy = —0.5 dBFS, HR mode, WB2, 512 kSPS,
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Figure 6. Output Spectrum
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Figure 7. Output Spectrum
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Figure 8. Output Spectrum
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Figure 9. Output Spectrum
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Figure 10. Output Spectrum
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Figure 11. Output Spectrum
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Typical Characteristics (continued)

At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)

Amplitude (dB)

0 10 20 30 40 50 60 65
Frequency (kHz)

fin = 4 kHz, V5 = —0.5 dBFS, VLP mode, WB2, 128 kSPS,
32768 samples

Figure 12. OQutput Spectrum
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Figure 13. Output Spectrum
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Figure 16. Output Spectrum
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Figure 14. Output Spectrum Figure 15. Output Spectrum
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Figure 17. ADC Conversion Noise
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Typical Characteristics (continued)

At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)

-40 -20 0 20 40 60 80 100 120
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Figure 20. Noise vs Temperature
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Figure 22. Total Harmonic Distortion vs fjy
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Typical Characteristics (continued)

At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)
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Figure 24. Total Harmonic Distortion vs Vger Figure 25. Total Harmonic Distortion vs fc g
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Figure 26. Total Harmonic Distortion Histogram Figure 27. Total Harmonic Distortion Histogram
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Figure 28. Total Harmonic Distortion Histogram Figure 29. INL vs Temperature
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Typical Characteristics (continued)
At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)
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Figure 32. Gain Error Histogram Figure 33. Offset Error vs Temperature
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Figure 34. Gain Error vs Temperature Figure 35. Offset Drift Histogram
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Typical Characteristics (continued)

At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)
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Figure 36. Gain Drift Histogram Figure 37. Gain Drift Histogram
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Figure 40. Offset Voltage vs fok Figure 41. Differential Input Impedance vs Temperature
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Typical Characteristics (continued)
At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)
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Figure 42. PSRR vs Power-Supply Frequency Figure 43. PSRR vs Power-Supply Frequency
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Typical Characteristics (continued)

At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)
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Figure 48. Power Dissipation vs Temperature Figure 49. Power Dissipation vs Temperature
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Figure 50. Output Spectrum Figure 51. Output Spectrum
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Typical Characteristics (continued)
At T, = 25°C, AVDD = 3.3V, and external Vger = 2.5 V (unless otherwise noted)
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Figure 54. Noise Histogram Figure 55. Noise Histogram
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Figure 56. Noise Histogram Figure 57. Noise Histogram

7 Parameter Measurement information

7.1 Noise Performance

Adjust the oversampling ratio (OSR) to control the data rate and change the digital filter in order to optimize the
noise performance of the ADS127L01. Hardware control pins offer four oversampling options and three
selectable digital filter options to configure the ADC for a specific bandwidth of interest. When averaging is
increased by reducing the data rate (increasing the OSR), the in-band noise drops as more samples from the
modulator are averaged to yield one conversion result. Table 1 and Table 2 summarize the device noise
performance across the various oversampling and digital filter options. Wideband 1 filter has a filter transition
band of (0.45 to 0.55) fpata, @and Wideband 2 filter has a filter transition band of (0.40 to 0.50) foata. Data are
representative of typical noise performance at T, = 25°C with an external 2.5-V reference. Data shown are the
result of one standard deviation of the readings with the inputs shorted together and biased to midsupply. A
minimum of 1,000 consecutive readings are used to calculate the Vgus noise VOItage noise for each
measurement. Equation 1 is used to convert the noise in Vgrus noise 10 SNR, and Equation 2 is used to convert
the noise in Vgrus noise 10 ENOB. The peak-to-peak noise for the Low-latency filter is defined as Vpp noise-

SNR = 20 x log (Vaer X 0.7071 / Vs noise) 0
ENOB = In (2 X Vrer / Vrus_noise) / 1N (2) 2
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Noise Performance (continued)
Table 1. Wideband Filters Performance Summary
at AVvDD =3.0V, DVDD = 1.8 V, and 2.5-V Reference
DATA RATE PASS BAND SNR Vims_noise Tovem
MODE (SPS) OSR TRANSITION BAND (kHz) (dB) (VRms) ENOB (mA)
Wideband 1 filter 230.4 103.7 11.61 18.72
512,000 32 7.50
Wideband 2 filter 204.8 104.1 10.64 18.84
Wideband 1 filter 115.2 107.3 7.61 19.33
256,000 64 - : 435
High-resolution Wideband 2 filter 102.4 107.7 7.25 19.40
(HR) Wideband 1 filter 57.6 110.4 5.35 19.83
128,000 128 - : 2.80
Wideband 2 filter 51.2 110.9 5.06 19.91
Wideband 1 filter 28.8 113.4 3.79 20.33
64,000 256 2.00
Wideband 2 filter 25.6 113.9 3.58 20.41
Wideband 1 filter 115.2 103.9 11.27 18.76
256,000 32 3.80
Wideband 2 filter 102.4 104.7 10.31 18.89
Wideband 1 filter 57.6 107.6 7.38 19.37
128,000 64 - : 2.25
Low-power Wideband 2 filter 51.2 108.1 6.96 19.45
(LP) Wideband 1 filter 28.8 110.7 5.18 19.88
64,000 128 1.50
Wideband 2 filter 25.6 111.1 4.95 19.95
Wideband 1 filter 14.4 113.7 3.67 20.38
32,000 256 1.10
Wideband 2 filter 12.8 114.1 3.47 20.46
Wideband 1 filter 57.6 104.1 11.01 18.79
128,000 32 - : 1.95
Wideband 2 filter 51.2 104.9 10.11 18.92
Wideband 1 filter 28.8 107.8 7.20 19.41
64,000 64 - : 1.20
Very-low-power Wideband 2 filter 25.6 108.3 6.80 19.49
(VLP) Wideband 1 filter 14.4 110.9 5.07 19.91
32,000 128 0.80
Wideband 2 filter 12.8 111.3 481 19.99
Wideband 1 filter 7.2 113.9 3.59 20.41
16,000 256 - : 0.60
Wideband 2 filter 6.9 114.3 3.41 20.48
Table 2. Low-Latency Filter Performance Summary
at AVvDD =3.0 V, DVDD = 1.8 V, and 2.5-V Reference
-3-dB
DATA RATE BANDWIDTH SNR Vams_noise Vpp_noise [
MODE (SPS) OSR (kHz) (dB) (Vrws) ENOB (WVpp) (mA)
512,000 32 101.8 107.6 7.40 19.37 64.67 1.60
High-resolution 128,000 128 50.6 110.8 5.12 19.90 44.11 1.39
(HR) 32,000 512 13.7 116.2 2.74 20.80 24.14 1.33
8,000 2048 35 122.0 1.41 21.76 11.32 1.32
256,000 32 50.9 107.8 7.22 19.40 61.99 0.85
Low-power 64,000 128 25.3 111.0 4.97 19.94 46.79 0.75
(LP) 16,000 512 6.9 116.5 2.65 20.85 22.05 0.73
4,000 2048 1.7 122.2 1.37 21.80 10.73 0.72
128,000 32 25.5 108.1 6.97 19.45 65.57 0.50
Very-low-power 32,000 128 12.7 111.3 4.80 19.99 39.64 0.44
(VLP) 8,000 512 3.4 116.7 2.57 20.89 20.27 0.41
2,000 2048 0.9 122.4 1.34 21.83 10.73 0.40
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8 Detailed Description

8.1 Overview

The ADS127L01 is a 24-hit delta-sigma (AX) ADC that offers a combination of excellent dc accuracy and ac
performance. The flexible digital-filter options make it suitable for both dc and ac applications. The device is
hardware programmable, making it easy to configure for a variety of applications without the need to program
any registers.

The Functional Block Diagram shows the main internal features of the ADS127L01. The converter is comprised
of a third-order, chopper-stabilized, delta-sigma modulator, that measures the differential input signal, V,y =
(Mane — Vann), against the differential reference, Vier = (Vrerr — Vreen)- The converter core consists of a
differential, switched-capacitor, delta-sigma modulator followed by a selectable digital filter. The digital-filter low-
latency path uses a cascaded combination of a fifth-order sinc and a first-order sinc filter, ideal for applications
requiring fast response time or systems using a multiplexed input. Two wide-bandwidth paths (Wideband 1 and
Wideband 2) are also available, providing outstanding frequency response with very low pass-band ripple, a
steep-transition band, and high stop-band attenuation. The ADS127L01 provides two selectable options for
transition-band frequency. The Wideband-filter paths are suited for applications that require high-resolution
measurements of high-frequency, ac-signal content. To allow tradeoffs among speed, resolution, and power,
three operating modes are supported: high-resolution (HR), low-power (LP), and very-low-power (VLP).

In HR mode, SNR = 104.4 dB (Vrer = 2.5 V) at a maximum data rate of 512 kSPS. At this data rate, the power
dissipation is only 35 mW, and scales with master clock frequency. In LP mode, the maximum data rate is 256
kSPS, while consuming only 19 mW of power. In VLP mode, the maximum data rate is 128 kSPS, while
consuming only 9 mW of power.

Configure the ADS127L01 by setting the appropriate hardware 1/0O pins. Registers are available for gain and
offset calibrations. Three interface communication modes are available, providing flexibility for convenient
interfacing to microcontrollers, DSPs, or FPGAs. SPI, frame-sync slave, or frame-sync master communication
modes are hardware selectable on the device. The ADS127L01 has a daisy-chain output available, and can
synchronize externally to another device or system using the START signal. The daisy-chain configuration allows
the device to be used conveniently in systems that require multiple channels.

8.2 Functional Block Diagram

REFP REFN LVDD AVDD DVDD

LDO < INTLDO
SCLK
cs
Y A 4 Low-Latency SPI and
AINP O—, Filter > Frlame—Sync DIN
nterface DOUT
AZ ADC 0 Wideband 1 -
Modulator Filter DRDY/FSYNC
AINN ~ Wideband 2 DAISYIN
Filter FSMODE
4 FORMAT
»| Control Logic RESET/PWDN
OSR [1:0]
FILTER [1:0]
ADS127L01 CLK
AGND DGND
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8.3 Feature Description

This section discusses the details of the ADS127L01 internal functional elements. Throughout this document,
fcLk denotes the frequency of the signal at the CLK pin, tc x denotes the period of the signal at the CLK pin, foata
denotes the output data rate, and tpata denotes the time period of the output data.

8.3.1 Analog Inputs (AINP, AINN)

The ADS127L01 measures the differential input signal V,y = (Vane — Vainn) against the differential reference
Vrer = (Vrerr — VRrern)- The most positive measurable differential input is +Vgge and the most negative
measurable differential input is —Vggr.

For optimum performance, drive the ADS127L01 inputs differentially, centered around a common-mode voltage
of AVDD / 2. Alternatively, if the signal is of pseudo-differential nature, the negative input can be held at a
constant voltage other than 0 V (typically AVDD / 2), and the voltage on the positive input can change. Figure 58
and Figure 59 show examples of both fully-differential and pseudo-differential signals, respectively.

A A
AINP AINP
T~ A
15V 15V &M v
AINN v N _
AINN
oV > ov »
Figure 58. Fully-Differential Input Signal Figure 59. Pseudo-Differential Input Signal

Electrostatic discharge (ESD) diodes to AVDD and AGND protect the inputs. To prevent the ESD diodes from
turning on, the absolute voltage on any input must stay within the range provided by Equation 3:

AGND — 0.3 V < Ve < AVDD + 0.3 V ©)

The analog input pins, AINP and AINN, at the front end of the converter are connected directly to the switched-
capacitor sampling network to measure the input voltage. Figure 60 shows a conceptual diagram of the
modulator circuit charging and discharging the sampling capacitor through switches, although the actual
implementation is slightly different. The sampling time (tc « / 2) is equivalent to half the master clock period, and
is the inverse of the modulator sampling frequency.

AVDD AGND
‘ tork = ek
AINP C s O——4 -
1 ON
" | L]
j— S2 OFF
8 pF ON
AINN G o— ¢ 9 S2 | | I_l
S1 OFF
AVDD AGND
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Feature Description (continued)

The average load presented by the switched-capacitor input can be modeled with an effective differential
impedance, as shown in Figure 61. The effective impedance is a function of the modulator clock, and is equal to
the master clock, fo k. The ADS127L01 samples the input at very high speeds, and does not include an
integrated buffer; a suitable driver must be used. See the Application and Implementation section for
recommended driver circuit designs.

AINP

Zewr = 5 kQ X (16.384 MHz/fer)

AINN

Figure 61. Effective Input Impedance

The ADC sampling network is connected to a delta-sigma modulator used to convert the analog input voltage
into a data bit stream. The modulator is third-order, with a multibit quantizer that runs at the modulator clock
frequency, fuop, equal to the master clock frequency, fc k.

8.3.2 Digital Filter

The ADS127L01 offers three selectable digital filters to perform both filtering and decimation of the digital data
stream coming from the modulator. The oversampling ratio (OSR) and digital-filter selection sets the overall
frequency response for the data converter. The available filter options for the ADS127L01 are:

» Low-latency sinc filter (LL)
» Wideband finite impulse response (FIR) filter with a transition band of (0.45 to 0.55) x fya1a (WB1)
» Wideband finite impulse response (FIR) filter with a transition band of (0.40 to 0.50) x fya1a (WB2)

Use the hardware FILTER[1:0] pins shown in Table 11. Each filter has four OSR options (the ratio of the
modulator sampling to the output data rate, or fyop / fpata), Shown in Table 12, that are selectable through
hardware OSR[1:0] pins. The low-latency sinc filter is a cascaded sinc5 and sincl filter, and provides OSR
options to achieve data rates ranging from 8 kSPS to 512 kSPS when operating from a 16.384-MHz master
clock. The two Wideband filters use a multistage FIR topology to provide linear phase response with very low
pass-band ripple and high stop-band attenuation. Wideband filters 1 and 2 provide four OSRs to achieve data
rates ranging from 64 kSPS to 512 kSPS when operating from a 16.384-MHz master clock.

Select the filter and data rate when START is low, or take the START or RESET/PWDN pin low and back high
after a filter-path or data-rate change. If software commands are used to control conversions, use the STOP and
START commands after a change to the filter path selection or the data rate. If a conversion is in process during
a filter-path or data-rate change, the output data are not valid and must be discarded.

8.3.2.1 Low-Latency Filter

The low-latency sinc filter consists of two stages: a fixed-decimation, sinc5 filter, followed by a variable-
decimation, sincl filter. The first-stage, sinc5 digital filter decimates by a fixed value of 32. When using OSR 32,
the first-stage digital filter bypasses the second filter stage, and has a sinc5 frequency response profile. The
second digital-filter stage provides an additional decimation of 4, 16, or 64 to create overall decimation options of
128, 512, and 2048. Together, the two stages create four selectable, Low-latency, filter data rates when operated
from a 16.384-MHz clock: 512 kSPS, 128 kSPS, 32 kSPS, and 4 kSPS.

8.3.2.1.1 Low-Latency Filter Frequency Response

The low-pass filtering effect of the sinc filter sets the overall frequency response of the ADC when in low-latency
filter mode. The frequency response of OSR 32 is from only the sinc5 filter stage. The frequency response of
OSR 128, 512, or 2048 is the product of the sinc5 first-stage and sincl second-stage frequency responses. The
overall filter response is given in Equation 4:
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Feature Description (continued)
5
. {327&} ‘ . {32an} ‘
sin ; sin :
_ _ CLK CLK
|H(f)| - ‘Hsinc5 (f)‘ % ‘Hsincl (f)‘ - f X 301f
32xsin{} Nxsin{ }
feLk feLk
where
« f=signal frequency
» fok = ADC master clock frequency = ADC modulator clock frequency
* N = Second-stage oversampling = 1 (OSR 32), 4 (OSR 128), 16 (OSR 512), or 64 (OSR 2048) 4

The inherent nature of the sinc filter response begins to attenuate frequencies as the signal moves away from dc.
The pass band droop for inband ac signals makes the low-latency filter less ideal for ac signals.

As shown in Figure 62 and Figure 63, when OSR is set to 32, the digital filter frequency response follows a sinc5
transfer function with nulls occurring at foata and at multiples thereof. At the null frequencies, the filter has zero
gain. Convert the x-axis from the data rate, fpa7a, t0o terms of the master clock, f; k, by using Equation 5:

foata = foik / OSR (5)
or<c 0
-20 -25
40 \ -50
I i o
g 0 ‘\ / A\ g 100 =
S . ‘] N\ 3 . A o
S -100 i \ N S -125
= | ‘1 / / Par = . A
= EEERNTAL S = }Mﬁ ) ' W{
-140 |——— ——Jd———JY{»——Ar I -175 H1HHHHE H
-160 i tH HH \ -200
180 | (R IR 225
-200 1 i I -250
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Normalized Input Frequency (fin/foaTa) Normalized Input Frequency (fin/fpaTa)
Figure 62. Low-Latency Filter Frequency Response Figure 63. Low-Latency Filter Frequency Response
(OSR 32) (OSR 32) to foLk

Adjust the digital-filter response by changing the OSR or the master clock, fc k. Noise tradeoffs are made with
signal bandwidth and filter latency.

Selecting an OSR other than 32 superimposes new nulls from the second-stage sincl filter over the nulls
produced by the sinc5 stage. The end result is a combined frequency response from a sinc5 function at OSR 32
with nulls created from the sincl second stage at fpata @nd multiple thereof.

Figure 64 and Figure 65 illustrate the normalized frequency response of the Low-latency filter across all four
OSR settings. OSR 32 follows a sinc5 frequency response, as highlighted in Figure 62. OSR 128, OSR 512, and
OSR 2048 show a combined sinc5 and sincl response.

Figure 66, Figure 67, and Figure 68 illustrate the frequency response of OSR 128, OSR 512, and OSR 2048,
respectively.

The Low-latency filter uses a multiple-stage, linear-phase, digital filter. Linear-phase filters exhibit constant delay
time versus input frequency (also known as constant group delay). This feature of linear phase filters means that
the time delay from any instant of the input signal to the corresponding same instant of the output data is
constant and independent of the input-signal frequency. This behavior results in essentially zero phase error
when measuring multitone signals.
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Feature Description (continued)

Normalized Input Frequency (fin/fpata)

Figure 66. Low-Latency Filter Frequency Response
(OSR 128) to fCLK
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Figure 67. Low-Latency Filter Frequency Response
(OSR 512) to fCLK
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Figure 68. Low-Latency Filter Frequency Response
(OSR 2048) to fCLK
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Feature Description (continued)
8.3.2.1.2 Low-Latency Filter Settling Time

The Low-latency filter takes several conversion cycles to provide fully-settled data following a START pin low-to-
high transition or a START command. The OSR setting determines the exact nhumber of conversion cycles for
first new available data, as shown in Table 3. In SPI mode, the DRDY signal remains high until settled data are
available. After settled data are available, a high-to-low transition on DRDY takes place. In frame-sync mode,
DOUT shifts zeroes until settled data are available. Figure 69 shows the relationship between START to the first
settled available data for SPI and frame-sync interface mode. See the Start Pin (START) section for exact timing
for the START pin to first available data.

START X STARTX
Command

J
g

or

START Pin I

J~
o~

J~
o~

DRDY | /' |
Settled Data

I e B e Bl e B

Figure 69. START to First Available Data

When applying an asynchronous step input to a converting ADS127L01, the output shift register does not gate
data during digital-filter settling. The step-input-setting timing diagram shown in Figure 70 illustrates the converter
step response with an asynchronous step input. The time that the analog input must be stable varies depending
on the OSR. Table 3 summarizes the settling time of the Low-latency filter when a step input is applied to the
input.

>

Step Input I
s [ ] B B M
SO e I e O e

Figure 70. Asynchronous Step-Input Settling Time

>~

Table 3. Low-Latency Filter Settling Time (Conversion Latency)

OSR SETTLING TIME FROM START ___INPUT SETTLING
(tcLk Periods) (DRDY or FSYNC Pulses)
32 160 5
128 288 3
512 672 2
2048 2208 2
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8.3.2.2 Wideband Filter

The two Wideband filters use a multistage FIR topology to provide linear phase response with minimal pass-band
ripple and high stop-band attenuation. The filters are well suited for measuring high-frequency ac signals while
still maintaining excellent dc accuracy. Both Wideband filter options offer the same four OSR options; 32, 64,
128, and 256. The difference is in the transition band. When these four OSRs are paired with a 16.384-MHz
clock, four selectable Wideband filter data rates are created: 512 kSPS, 256 kSPS, 128 kSPS, and 64 kSPS.

8.3.2.2.1 Wideband Filters Frequency Response

Figure 71 shows the frequency response of the Wideband 1 filter with a transition band of (0.45 to 0.55) x fpata
normalized to the output data rate, fpata. Figure 72 shows the frequency response of the Wideband 2 filter with a
transition band of (0.40 to 0.50) x foata NOrmalized to the output data rate, foata. These plots are valid for all of
the data rates available on the ADS127L01. Substitute the selected data rate, fpara (calculated using
Equation 5), to express the x-axis in absolute frequency. Figure 73 overlaps the transition band of the Wideband
1 and Wideband 2 filters, showing the difference in frequency response. The Wideband 2 filter frequency
response is designed to attenuate out-of-band signals more than —116 dB by the Nyquist frequency (0.5 % fpata)
to reduce the effects of aliasing near the transition band.
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Figure 71. Wideband 1 Filter Frequency Response Figure 72. Wideband 2 Filter Frequency Response
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Figure 73. Wideband Filters Transition Band
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The pass-band ripple for the two digital filters are shown in Figure 74 and Figure 75.
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Figure 74. Pass Band Ripple for Wideband 1 Filter Figure 75. Pass Band Ripple for Wideband 2 Filter

The overall frequency response repeats at the modulator sampling rate, which is the same as the input clock
frequency, fc k. Figure 76 shows the response with the fastest data rate selected (512 kSPS when f¢ ¢ = 16.384
MHz).
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Figure 76. Extended Frequency Response of Wideband 1 Filter (OSR 32)

The Wideband filters use a multiple-stage, linear-phase, digital-filter architecture. Linear-phase filters exhibit
constant delay time versus input frequency (also known as constant group delay). This feature of linear phase
filters means that the time delay from any instant of the input signal to the corresponding same instant of the
output data is constant and independent of the input-signal frequency. This behavior results in essentially zero
phase error when measuring multitone signals.
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8.3.2.2.2 Wideband Filters Settling Time

The Wideband filters fully settle before outputting data after the START pin low-to-high_transition or a START
command is issued. The settling time of the Wideband filters is 84 conversion cycles; the DRDY signal idles high
and does not assert until new settled data are available in SPI interface mode. In frame-sync interface mode, the
output shift register outputs zeroes in place of the conversion data for 84 conversion cycles until the first settled
data are available. A step input on the analog input requires multiple conversions to settle if START is not
pulsed, or if the START command is not issued. Figure 77 shows the settling response with the x-axis
normalized to conversions or DRDY/FSYNC cycles.

150
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H === Fully Settled Data at 84 Conversions
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o

w
o
jo— n (r — oy —— | e —
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Conversions (1/fpata)

Figure 77. Step Response For Wideband Filters

Figure 78 and Figure 79 plot the undershoot and overshoot from the Wideband digital filter during an input step
function.
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Figure 78. Wideband Filters Step-Response Undershoot Figure 79. Wideband Filters Step-Response Overshoot
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8.3.3 Voltage Reference Inputs (REFP, REFN)

The ADC requires the connection of an external reference voltage for operation. The voltage reference for the
device is the differential voltage between REFP and REFN: Vger = (Vrerp — Vreen)- The reference inputs are not
buffered and use a sampling structure similar to that of the analog inputs, with the equivalent circuitry on the
reference inputs shown in Figure 80. The load across REFP and REFN is presented by the switched-capacitor in
parallel with a 6.4-kQ resistor, and is modeled with an effective impedance (Z) proportional to the master clock,
fcLk, @s shown in Figure 81.

REFP REFN
AVDD AVDD
AGND AGND

Figure 80. Equivalent Reference Input Circuitry

REFP REFN

<Zeff =(3.4KkQ x 16.384 MHz / fc\x) || 6.4 kQ

Figure 81. Effective Reference Impedance

ESD diodes protect the reference inputs. To keep these diodes from turning on, make sure the voltages on the
reference pins do not go below AGND by more than 0.3 V, and do not exceed AVDD by 0.3 V. Use external
Schottky clamp diodes or series resistors to limit the input current to safe values if the reference input may
exceed the absolute maximum ratings (see the Absolute Maximum Ratings table).

A high-quality reference voltage with the appropriate drive strength is required for achieving the best
performance from the ADS127L01. Noise and drift on the reference degrade overall system performance. Use a
minimum parallel combination of 10-uF and 0.1-uF ceramic bypass capacitors directly across the reference
inputs, REFP and REFN. Place these capacitors as close as possible to the device on the layout. See the
Application Information section for example reference circuits.
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8.3.4 Clock Input (CLK)

The ADS127L01 requires an external clock for operation. This clock signal is used for the sampling network of
the modulator without any prescalers or dividers, and for the timing for the digital filter. Drive the ADC with an
external clock by applying the clock input to the CLK pin. At the maximum data rate, the clock input is 16.384
MHz for HR mode, 8.192 MHz for LP mode, and 4.096 MHz for VLP mode.

A high-quality, low-jitter clock is essential for optimum performance measuring the high-frequency input signals.
Any uncertainty during sampling of the input from clock jitter limits the maximum achievable SNR. For example,
uses an external clock with better than 10 ps,,s jitter for a 200-kHz f,\. For a lower fy, the target jitter
requirement can be relaxed by —20 dB per decade. At fiy = 20 kHz, use a clock with better than 100-ps,s jitter.

The selection of the external clock frequency (fc k) does not affect the resolution of the ADS127L01. The output
data rates scale with fo « frequency down to a minimum clock frequency of f; x = 100 kHz. Use a slower fo « to
reduce the ADC power consumption and relax the requirements of an external ADC drive circuit on the analog
input and reference input.

Crystal clock oscillators are the recommended clock source. Make sure to avoid excess ringing on the clock
input. A series resistor placed at the external clock buffer output often helps to reduce overshoot.

8.3.5 Out-of-Range-Detect System Monitor

An out-of-range-detect system-monitor bit (INP) is available in the status word (see the Status Word section).
The out-of-range detect bit flags (INP = 1) when the input exceeds the positive or negative full-scale range, set
by Vger, With each conversion result. The input is monitored using an analog comparator. The flag is issued
when the full-scale range is exceeded without waiting for the conversions to propagate through the digital filter.
The INP bit is used for narrow out-of-range input glitches that may or may not be removed by the ADC digital
filter.

8.3.6 System Calibration

The ADC incorporates optional offset- and gain-calibration registers to system-calibrate the ADC and signal chain
when in SPI interface mode. Enable the offset calibration register by setting FSC bit (bit 5 in the Configuration
register) to 1, and enable the gain calibration register by setting OFC bit (bit 4 in the Configuration register) to 1.
The programmable offset calibration value is 24 bits wide, and the gain calibration value is 16 bits wide. Use
calibration to correct internal ADC errors or overall system errors. Calibration is only supported through direct
user calibration, requiring the user to calculate and write the correction values to the calibration registers.
Perform a system offset calibration before full-scale calibration. After power-up, but before calibrating, wait for the
power supplies and reference voltage to fully settle.

As shown in Figure 82, the value of the offset calibration register is subtracted from the filter output, and then
multiplied by the full-scale register value. The data are then clipped to a 24-bit value to provide the final output.

AINP »

Digital + Output Data Final
AINN > ADC ] Filter Clipped to 24 Bits Output
OFC[2:0] registers FSC[1:0] registers
(register addresses = 02h, 03h, 04h) (register addresses = 05h, 06h)
> 000000h: negative offset < 8000h: gain > 1
000000h: no offset 8000h: gain = 1
< 000000h: positive offset > 8000h: gain < 1

Figure 82. ADC Calibration Block Diagram

Equation 6 shows the internal calibration on the data result.
ADC Final Output Data = (Filter Output — OFC[23:0]) x FSC[15:0] / 8000h (6)
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The ADC offset calibration word is 24 bits, consisting of three 8-bit registers (OFC2, OFC, 1 OFCO0), as shown in
Table 4. The offset value is twos complement format with a maximum positive value equal to 7FFFFFh (for
negative offset), and a maximum negative value equal to 800000h (for positive offset). A register value equal to
000000h has no offset correction. For offset calibration, short the ADC inputs or system inputs, and average the
conversions; averaging reduces noise for a more accurate calibration. Write the average value to the offset
calibration registers. The ADC subtracts the value from the conversion result.

Table 4. Offset Calibration Registers

BYTE

REGISTER | hoeo | ADDRESS BIT ORDER
OFC_BO
OFCO LSB 02h OFC_B7 | OFC_B6 | OFC_B5 | OFC_B4 | OFC_B3 | OFC_B2 | OFC_B1 (LSB)
OFC1 MID 03h OFC_B15 | OFC_B14 | OFC_B13 | OFC_B12 | OFC_B11 | OFC_B10 | OFC B9 | OFC_BS8
OFC2 MSB 04h O(F,\‘A:gg)% OFC_B22 | OFC_B21 | OFC_B20 | OFC_B19 | OFC_B18 | OFC_B17 | OFC_B16

The ADC gain calibration word is 16 bits consisting of two 8-bit registers (FSC1, FSCO0), as shown in Table 5.
The full-scale calibration value is twos compliment, with a unity-gain correction factor at a register value equal to
8000h. Table 6 shows register values for selected gain factors.

Table 5. Gain Calibration Registers

BYTE
REGISTER | hoer | ADDRESS BIT ORDER
FSC_BO
FSCO LSB 05h FSC_B7 | FSC_B6 | FSC B5 | FSC B4 | FSC B3 | FSC B2 | FSC Bl (LSB)
FSC_B15
FSC1 MSB 06h (MSB) | FSC_B14 | FSC_B13 | FSC_B12 | FSC_B1l | FSC_B10 | FSC_B9 | FSC_BS

Table 6. Gain Calibration Register Values

FSCAL[2:0] REGISTER VALUE GAIN FACTOR
7FFFh 2.00
8000h 1.00
0000h 0.00

For gain calibration, apply a dc calibration voltage that is less than positive full-scale voltage in order to avoid
clipped codes (V|,y < +FSR), and average the conversions to reduce noise for a more accurate calibration. Gain
calibration is computed as shown in Equation 7, after offset error is removed.

Full-Scale Calibration = Expected Code Value / Actual Code Value )

If the actual code is higher than the expected value, then the calculated calibration value is less than 8000h, and
the ADC gain is subsequently reduced. Write the calibration value to the gain calibration registers.

Copyright © 2016, Texas Instruments Incorporated 37


http://www.ti.com.cn/product/cn/ads127l01?qgpn=ads127l01
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
ADS127L01

ZHCSF11B —APRIL 2016—REVISED SEPTEMBER 2016 www.ti.com.cn

8.4 Device Functional Modes

8.4.1 Operating Modes (HR, LP, VLP)

The ADS127L01 offers three operational modes: high-resolution (HR), low-power (LP), and very-low-power
(VLP). These modes optimize power consumption by restricting the maximum master-clock frequency (fo k)
controlling the data rate. The status of the HR pin determines if the device is in HR mode or LP mode. Enter VLP
mode by setting the ADS127L01 in LP mode, and increasing the value of the external Rgxt power scaling
resistor from 60.4 kQ to 120 kQ. The tolerance on the Rgyxt power-scaling resistor must be 1% or better. The
analog current consumed by AVDD and LVDD decreases when in LP mode, and decreases further in VLP mode,
with a tighter restriction on maximum master-clock frequency. Table 7 details the HR pin and REXT settings for
each operating mode in the ADS127L01.

Table 7. Operating Mode Selection

OPERATING MODE OPERATING MODE SELECTION PIN (HR) Rext VALUE MAXIMUM fc g
High-Resolution (HR) 1 60.4 kQ 17.6 MHz
Low-Power (LP) 0 60.4 kQ 8.8 MHz
Very-Low-Power (VLP) 0 120 kQ 4.4 MHz

8.4.2 Hardware Mode Pins

The ADS127L01 uses two-state hardware mode pins for ADC configuration. The operating mode, interface
selection, digital filter selection, and oversampling ratio (OSR) are all controlled through hardware pins. These
pins are constantly monitored, and set by either pulling them high to DVDD, or low to DGND. Use pull-up or pull-
down 100-kQ resistors, or directly tie the pins to microcontroller or DSP 1/O lines to set the state of the pins.
When a change is sensed on the hardware mode pins after power-up, the ADC automatically issues a reset. To
ensure synchronization, issue a software reset command, or pulse the RESET/PWDN pin following the mode
change delay, t4p)-

When using the SPI interface mode, DRDY is held high after a mode change occurs until settled data are ready;
see Figure 83 and Table 8.

J~
o~

MODE %
pin Q
‘<_td(MD)_>

[q¢

ADS127L01 old Mode New Mode
Mode 3

N RS
RV

)7

ta(FiLTy
<_td(NDR)_>(
L L
J) J)
DRDY | |

Figure 83. Mode Change Timing (SPI Interface)

Table 8. SPI Interface New Data After Mode Change

SYMBOL DESCRIPTION MIN TYP MAX UNIT
tamp) Delay time, MODE pin rising edge to mode change 3 toik
taFILT) Delay time, mode change to first modulator sample 3.5 4.5 toik

. Wideband filters 84 tpATA
taoR) Delay time for new data to be ready -
Low-latency filter See Table 3 tpATA
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In Frame-sync intreface mode, the DOUT pins are held low after a mode change occurs until settled data are
ready; see Figure 84 and Table 9. Data can be read from the device to detect when DOUT changes, indicating

that data are valid.

MODE
pin

ADS127L01
Mode

CLK

FSYNC

DOUT |

L

)

L

Old Mode

New Mode

))

L

UL -

[— tsy(FiLT)

[ ]

)

—tynor— >

L |
)

| New Data
((

)

Figure 84. Mode Change Timing (Frame-Sync Interface)

Table 9. Frame-Sync Interface New Data After Mode Change

SYMBOL DESCRIPTION MIN TYP MAX UNIT
tavp) Delay time, MODE pin rising edge to mode change 3 toik
tsuriLty | Setup time, mode change to FSYNC rising edge Frame-sync slave toik
Frame-sync master teLk
taNDR) Delay time for new data to be ready Wideband filters 84 tDATA
Low-latency filter See Table 3 tDATA

8.4.2.1 Interface Selection Pins (FORMAT, FSMODE)

Data are read from the ADS127L01 using one of two selectable interface modes, SPI or frame-sync. Use the
FORMAT input pin to select among the two interface options.

If the frame-sync interface is selected, the ADS127L01 offers either a master or slave option, selectable using
the FSMODE pin. Table 10 lists the available options.

Table 10. Interface Mode Options

FORMAT FSMODE INTERFACE MODE
0 0 SPI
0 1 SPI
1 0 Frame-sync slave mode
1 1 Frame-sync master mode
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8.4.2.2 Digital-Filter Path Selection Pins (FILTER[1:0])

Three digital filter options are available in the ADS127L01: two Wideband filter options, and a Low-latency filter.
See the Digital Filter section for detailed information on the digital filters and the frequency responses. The
FILTER[1:0] hardware mode pins set the filter path selection for the modulator data, as shown in Table 11.
Select the filter when START is low, or take the START or RESET/PWDN pin low and back high after a filter
path change. If software commands are used to control conversions, use the STOP and START commands after
a change to the filter path selection. If a conversion is in process during a filter path change, the output data are
not valid and must be discarded.

Table 11. Digital-Filter Path Selection

FILTER1 FILTERO SELECTED FILTER PATH FILTER TRANSITION BAND
0 0 Wideband 1 filter 0.45 x fpata t0 0.55 X fpaTa
0 1 Wideband 2 filter 0.40 x fpaTa t0 0.50 x fpoata
1 0 Low-latency filter SINC5 / SINC
1 1 Reserved: do not use

8.4.2.3 Oversampling Ratio Selection Pins (OSR[1:0])

The ADS127L01 has two hardware oversampling ratio (OSR) pins used to configure the converter data rate. The
rate at which the modulator bit stream data is decimated differs depending on whether the Wideband or the Low-
latency digital filter is used (set using the Digital-Filter Path Selection Pins (FILTER[1:0])). The OSR options and
corresponding maximum data rate at f; x = 16.384 MHz are shown in Table 12 for both the Wideband and the
Low-latency filters. Change the OSR when START is low, or take the START or RESET/PWDN pin low and back
high after changing the OSR. If software commands are used to control conversions, use the STOP and START
commands after changing the OSR.

Table 12. OSR Selection

DATA RATE (kSPS)
FILTER OSR1 OSRO OSR AT fck = 16.384 MHz
0 0 32 512
Wideband filters
1 0 128 128
1 1 256 64
0 0 32 512
. 0 1 128 128
Low-latency filter
1 0 512 32
1 1 2048 8
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8.4.3 Start Pin (START)

The START pin controls the start and stop of ADC conversions used for converter synchronization. Take the
START pin low to stop conversions and reset the digital filter. Pull START high to start or restart the conversions.

Synchronization allows the conversion to be aligned with an external event, such as the changing of an external
multiplexer on the analog inputs. The START pin is also used to synchronize multiple devices to within the same
CLK cycle.

Figure 85 and Figure 86 illustrate the timing requirement for the START pin with respect to CLK in SPI and
frame-sync interface modes. After synchronization, indication of valid data depends on whether SPI or frame-
sync interface mode is used.

In the SPI interface mode, DRDY goes high as soon as START is taken low, as shown in Figure 85. After
START is returned _high, DRDY stays high while the digital filter completes reset and settles. After valid data are
ready for retrieval, DRDY goes low.

{C
17
START |<—tw(STL;:|
tsu(ST)
taFLy——»
e [ U S U LL JTUL
<_td(NDR)4’(

( I
R b} b
DRDY I |

Figure 85. Synchronization Timing (SPI Interface)

Table 13. SPI Interface Start

SYMBOL DESCRIPTION MIN TYP MAX UNIT
tw(sTL) Pulse duration, START low 4 toik
tsu(sT) Setup time, START rising edge to CLK rising edge 10 ns
taFiLT) Delay time, START rising edge to first modulator sample 4 5 toik

. Wideband filters 84 tpATA
taNDR) Delay time for new data to be ready -
Low-latency filter See Table 3 tpATA
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In frame-sync interface, DOUT goes low as soon as START is taken low, as shown in Figure 86. After START is
returned high, the following FSYNC rising edge releases the digital filter from reset to begin conversions. DOUT
stays low while the digital filter is settling. Data are ready for retrieval on DOUT after the digital filter settles. For
proper synchronization, FSYNC, SCLK, and CLK must be established before taking START high, and must then
remain running. If either CLK, FSYNC or SCLK are interrupted or reset, reassert the START pin.

i

START (¢ s ”
F*tsu(ST)gb ‘

[] L

47Q(NDR)4P{
DOUT Settled
45 45 Data

Figure 86. Synchronization Timing (Frame-Sync Interface)

Table 14. Frame-Sync Interface Start

SYMBOL DESCRIPTION MIN TYP MAX UNIT
tw(sTL) Pulse duration, START low 4 toLk
¢ Setup time, START rising edge to FSYNC rising Frame-sync slave 6 toik

Su(ST edge Frame-sync master 5 toLk
) Wideband filters 84 tDATA

taNDR) Delay time for new data to be ready -
Low-latency filter See Table 3 tDATA

In addition to the START pin, START and STOP commands are also available to control the start and stop of
conversions, but only when using the SPI interface. Using the commands requires that the hardware START pin
is tied low the entire time. The START command is also used to synchronize multiple ADS127L01s sharing the
same SPI interface. See the SPI Commands section for information on using the START and STOP commands
to control ADC conversions.
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8.4.4 Reset and Power-Down Pin (RESET/PWDN)

The RESET/PWDN pin has two functions, depending on the amount of time the pin is held in a low state. If
RESET/PWDN is low for < 2'® — 1 CLK periods, the ADS127L01 resets both the digital filter and register
contents to default settings. The low-to-high transition of the RESET/PWDN pin brings the ADS127L01 out of
reset by completing the digital filter reset, as shown in Figure 87 and Figure 88.

£

JE 55
RESET/PWDN 4—1W(RSL2—>
tsurs)
taEiLTy—»
CLK
4—‘d(NDR)—><
Iqé
— )7
DRDY

Figure 87. Reset Timing (SPI Interface)

Table 15. SPI Interface Reset Timing

SYMBOL DESCRIPTION MIN TYP MAX UNIT
tyrsy | Pulse duration RESET/PWDN low 4 215_1 tok
tsu(rs) Setup time, RESET/PWDN rising edge to CLK rising edge 10 ns
taFiL) Delay time, RESET/PWDN rising edge to first modulator sample 37 tolk

) Wideband filters 84 tpATA
taNDR) Delay time for new data to be ready -
Low-latency filter See Table 3 tpATA

I

e — ))
RESET/PWDN |‘_tW<RSL>__’|
—tyyrssy— P
FSYNC | | |
L

)

X

—Pp tsu(RsM)
—tyrsmy— P

<—td(NDR)4’(
| Settled
L

45 46 Data

DOUT |

Figure 88. Reset Timing (Frame-Sync Interface)

Table 16. Frame-Sync Interface Reset Timing

SYMBOL DESCRIPTION MIN TYP MAX UNIT
tyrsy | Pulse duration RESET/PWDN low 4 2151 tork
t Frame-Sync Slave Mode: Setup time, RESET/PWDN rising edge to 7 tok
SuRSS) | first FSYNC
t Frame-Sync Master Mode: Setup time, RESET/PWDN rising edge to 10 ns
suRSM) | CLK rising edge
t Frame-Sync Master Mode: Delay time, CLK rising edge to FSYNC 4 tok
dRSM) | rising edge

. Wideband filters 84 tDATA
taoR) Delay time for new data to be ready -
Low-latency filter See Table 3 tDATA
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If RESET/PWDN is low for > 21° — 1 CLK periods, the ADS127L01 enters power-down mode where both the
analog and digital circuitry is completely deactivated. The digital inputs are internally disabled so there is no
concern in driving the pins.

Use individual 1-MQ pull-down resistors placed on CAP3 to DGND, SCLK to DGND, and DRDY/FSYNC to
DGND if power-down mode is planned to be used. These resistors help discharge voltage when the device is
placed in power-down mode. Shut down the CLK and SCLK in power-down mode to avoid additional power
consumption.

Return the RESET/PWDN pin high to exit power-down mode. As shown in Figure 89 and Figure 90, a minimum
of 2 + 37 master clock periods must elapse before the device exits power-down mode and begins sampling
when using SPI interface mode. DRDY stays high after exiting power-down mode while the digital filter settles.

RESET/PWDN [€—twpwon =
tsupwon)
[e——tgpory >
e [UUISULE JUL
‘<_td(NDR)_><

C Iqd
T T

L0
)T

| L

Figure 89. Power-Down Timing (SPI Interface)

Table 17. SPI Interface Power-Down Timing

SYMBOL DESCRIPTION MIN TYP MAX UNIT
tyewon) | Pulse duartionRESET/PWDN low 215 toLk
tsupwon) | Setup time, RESET/PWDN rising edge to CLK rising edge 10 ns
Delay time, power-on-reset complete following RESET/PWDN rising 215+ 37 toik
ta(PoR) edge
. Wideband filters 84 tbaTA
taoR) Delay time for new data to be ready -
Low-latency filter See Table 3 tbaTA
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A minimum of 2'° + 7 master clock periods must elapse before the device exits power-down mode to begin
sampling, when in Frame-Sync interface mode, as shown in Figure 90 and Table 18. When using Frame-Sync
interface mode, DOUT will read back low while the digital filter settles.

»

RESET/PWDN I:tw(Pvi/IDN)—>|

[—typorsy P

FSYNC | .

«
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—» tsuPorm)
tapormy——»

CLK|||||||| J
14 -
DOUT |

g

4—tgnory >

| Settled
ll Data

n
«

Figure 90. Power-Down Timing (Frame

-Sync Interface)

Table 18. Frame-Sync Interface Power-Down Timing

SYMBOL DESCRIPTION MIN TYP MAX UNIT
typwony | Pulse duration RESET/PWDN low 215 tok
; Frame-Sync Slave Mode, Delay time, RESET/PWDN rising edge to 2154+ 7 tok

d(PORS) | FSYNC rising edge

¢ Frame-Sync Slave Mode, Setup time, RESET/PWDN rising edge to 10 ns
Su(PORM) | CLK rising edge
¢ Frame-Sync Slave Mode, Delay time, CLK rising edge to FSYNC 2154+ 7 tok

d(PORM) | rising edge
. Wideband filters 84 tpATA
taNDR) Delay time for new data to be ready -
Low-latency filter See Table 3 tpATA
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8.5 Programming

Data are retrieved from the ADS127L01 using a serial interface. To provide easy connection to either
microcontrollers or DSPs, three communication modes are available: SPI, frame-sync master, and frame-sync
slave. The FORMAT and FSMODE hardware mode pins select the interface. The same communication pins are
used for all three interfaces: SCLK, DRDY/FSYNC, DIN, DAISYIN, and DOUT; however, functionality depends
on the interface selected.

When FORMAT = 0, SPI interface is selected, and the DRDY/FSYNC pin becomes a data ready (DRDY) output.
In SPI interface mode, commands and internal registers are available for further device configuration. Tie the
FSMODE pin to DGND when using SPI communication mode.

When FORMAT = 1, frame-sync interface mode is selected, and the DRDY/FSYNC pin becomes an FSYNC
input or output. Frame-sync offers two different modes controlled by the FSMODE pin.

When FSMODE = 0, the interface uses frame-sync slave mode, requiring that the SCLK and FSYNC signals are
driven by the processor to the ADS127L01.

When FSMODE = 1, the interface is set to frame-sync master mode, and the SCLK and FSYNC signals are
generated from the ADC derived from the master clock.

8.5.1 Serial Peripheral Interface (SPI) Programming

The SPI-compatible serial interface of the device is used to read conversion data, read and write the device
configuration registers, and control device operation. Only SPI mode 1 (CPOL = 0, CPHA = 1) is supported. The
interface consists of five control lines (CS, SCLK, DIN, DOUT, and DRDY/FSYNC), but the interface is
operational with only four control lines. If the serial bus is not shared with any other device, CS can be tied low
permanently so that only signals SCLK, DIN, DOUT and DRDY/FSYNC are required to communicate with the
device.

8.5.1.1 Chip Select (CS)

Chip select (CS) is an active-low input that selects the device for SPI communication. CS must remain low for the
entire duration of the serial communication to complete a command or data readback. When CS is taken high,
the serial interface is reset, SCLK is ignored, and DOUT enters a high-impedance state. If the serial bus is not
shared with another peripheral, CS can be tied low.

8.5.1.2 Serial Clock (SCLK)

The serial clock (SCLK) features a Schmitt-triggered input, and is used to clock data into and out of the device
on DIN and DOUT, respectively. SCLKs can be sent to the ADC continuously or in byte increments. Even though
the input has hysteresis, keep the SCLK signal as clean as possible to prevent glitches from accidentally shifting
data. When the serial interface is idle, hold SCLK low.
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Programming (continued)
8.5.1.3 Data Ready (DRDY/FSYNC)

In SPI interface mode, DRDY/FSYNC is an active-low, new-data-ready indicator for when a new conversion
result is ready for retrieval. When DRDY/FSYNC transitions low, new conversion data are ready. The
DRDY/FSYNC signal transitions from low to high with the first SCLK falling edge, as shown in Figure 91. When
no data are read during continuous conversion mode, DRDY/FSYNC remains low but pulses high for a duration
of 2 - tg k before the next DRDY/FSYNC falling edge. The DRDY/FSYNC pin is always actively driven, even
when CS is high.

A new conversion result is loaded into the output shift register before DRDY transitions from high to low. The
LSB of the previous data word must be read at least 4 - t; x before the next DRDY falling edge. This delay is
known as keep-out time (tkp). Keep SCLK low during txo until the next conversion result is ready for retrieval, as
shown in Figure 91.

DRDY | | ” J |

tko —
pEplpiipiiniinln
DOUT —(\:::::)( MSB XMSB—lX :::><LSB+1X LSB ){C---‘

-——— ]

Figure 91. SPI Keep-Out Time (tko)

8.5.1.4 Data Input (DIN)

The data input pin (DIN) is used with SCLK to send data (commands and register data) to the device. The device
latches data on DIN on the SCLK falling edge. The device never drives the DIN pin.

8.5.1.5 Data Output (DOUT)

DOUT is used with SCLK to read conversion and register data from the device. Data on DOUT are shifted out on
the SCLK rising edge, to be read from the host on the SCLK falling edge. DOUT goes to a high-impedance state
when CS is high.

8.5.1.6 Daisy-Chain Input (DAISYIN)

DAISYIN is an optional pin used with SCLK to shift data in from a secondary ADS127L01 device when in a
daisy-chain configuration. Data are shifted out from DOUT of a secondary device into the DAISYIN pin of the first
device. The individual data bits are latched into DAISYIN on the SCLK falling edge. See the Multiple Device
Configuration section for more information on using daisy-chain mode. If not used, tie the DAISYIN pin to DGND.

8.5.1.7 SPI Timeout

The ADS127L01 offers an SPI timeout feature that is used to recover communication when a serial interface
transmission is interrupted. This feature is especially useful in applications where CS is permanently tied low and
is not used to frame a communication sequence.

The timeout feature is disabled by default, but can be enabled in the CONFIG register. The time for the timeout
to issue is also configurable using the CONFIG register. When enabled, and whenever a complete command is
not sent within 24 - to « or 216 . to « (configurable by the TOUT_DEL bit in the CONFIG register), the serial
interface resets and the next SCLK pulse starts a new communication cycle. For the RREG and WREG
commands, a complete command includes the command byte plus the register bytes that are read or written.
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Programming (continued)
8.5.1.8 SPI Commands

The ADS127L01 provides flexible configuration, including commands and configurable registers, only when using
the SPI interface. The commands, summarized in Table 19, are stand-alone and configure the operation of the
ADS127L01. Each command is a single byte, except for the register read and write operations that require two or
more bytes. CS must remain low for the entire command operation (especially for multibyte commands). Take
CS high during a opcode command to abort the command.

Table 19. Command Definitions

COMMAND ‘ DESCRIPTION ‘ FIRST BYTE SECOND BYTE
System Commands

RESET Reset the device 0000 011x

START Start or restart (synchronize) conversions 0000 100x

STOP Stop conversion 0000 101x

Data Read Commands

RDATA ’ Read data by command 0001 0010

Register Commands

RREG Read (nnnn + 1) registers starting at address rrrr 0010 rrrr 0000 nnnn
WREG Write (nnnn + 1) registers starting at address rrrr 0100 rrrr 0000 nnnn

8.5.1.8.1 RESET (0000 011x)

The RESET command halts conversions and resets the ADC to power-on-reset values. During this time, the
digital filter resets, requiring an additional power-up time for conversions to begin. The RESET command is
decoded by the ADS127L01 on the seventh falling edge of SCLK. For more information, refer to the Reset and
Power-Down Pin (RESET/PWDN) section.

8.5.1.8.2 START (0000 100x)

The START command starts conversions and resynchronize the device. When conversions are stopped, either at
power-up or following a STOP command, issue a START command to begin ADC conversions. Issuing a START
command restarts the conversions by resetting the digital filters. During the reset period, DRDY/FSYNC does not
toggle. The START command is decoded by the ADS127L01 on the seventh falling edge of SCLK. The START
pin must be held low if the START and STOP commands are used. For more information, refer to the Start Pin
(START) section.

8.5.1.8.3 STOP (0000 101x)

The STOP command places the ADC in an idle state where the modulator stops converting. The STOP
command is decoded by the ADS127L01 on the seventh falling edge of SCLK. The START pin must be held low
if the START and STOP commands are used.

8.5.1.8.4 RDATA (0001 0010)

The RDATA command reloads the output shift register to the MSB of the most recent data. The RDATA
command is decoded on the eighth SCLK falling edge, and begins shifting out the MSB of the data word on
DOUT on the ninth SCLK.
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8.5.1.8.5 RREG (0010 rrrr 0000 nnnn)

The RREG command reads the number of bytes specified by nnnn (humber of registers to be read — 1) from the
device configuration register, starting at register address rrrr. The command is completed after nnnn + 1 bytes
are clocked out after the RREG command byte. For example, the command to read three registers (nnnn =
0010) starting at register address 00h (rrrr = 0000) is 0010 0000 0000 0010 as shown in Figure 92. The
communication length must be extended by the proper number of SCLKs to shift register contents out.

1sl 2nd
Command Command
Byte Byte

DIN A 0010 0000 X 0000 0010 >\
DOUT /< ID X CONFIG X OFCO0 \

Data Data Data
Byte Byte Byte

Figure 92. Read from Register

8.5.1.8.6 WREG (0100 rrrr 0000 nnnn)

The wREG command writes the number of bytes specified by nnnn (number of registers to be written — 1) to the
device configuration register, starting at register address rrrr. The command is completed after nnnn + 1 bytes
are clocked in after the WREG command byte. For example, the command to write two registers (nnnn = 0001)
starting at register address 01h (rrrr = 0001) is 0100 0001 0000 0001 as shown in Figure 93. Two bytes follow
the command to write the contents to the registers. The frame must extend by the proper number of SCLKs to

write data to the registers.
DIN A 0100 0001 XOOOO 0001 X CONFIG X OFCO )

1 2M Data Data
Command Command Byte Byte
Byte Byte

Figure 93. Write to Register

8.5.2 Frame-Sync Programming

Frame-sync interface is similar to the interface often used on audio ADCs. The ADS127L01 offers both frame-
sync master and frame-sync slave modes that are selectable using the FSMODE pin. In frame-sync format,
commands and register assignments are not available. Tie DIN low to DGND.

8.5.2.1 Frame-Sync Master Mode

When operating in frame-sync master mode, the ADC acts as the system master, and provides the FSYNC,
SCLK, and DOUT signals. The FSYNC and SCLK signals are derived as a function of the master clock input,
fcLk. The data are output MSB first on the rising edge of FSYNC.

8.5.2.1.1 Chip Select (CS) in Frame-Sync Master Mode
CS is not used in frame-sync interface mode.. Tie the CS pin to DGND.

8.5.2.1.2 Serial Clock (SCLK) in Frame-Sync Master Mode

When operating in frame-sync master mode, the serial clock (SCLK) is derived from the master clock and
provided from the ADC to the microprocessor. Every frame period, t;rrave), includes 32 SCLKs to shift all data
out before new data are ready. This SCLK speed is proportional to the frame size, tygramg) / 32 in frame-sync
master mode. The frame size is determined by the data rate setting using the hardware FILTER pin settings,
OSR pin settings, and speed of the master clock, fc . The data on DOUT are clocked out on the falling edge of
SCLK to be latched by the host processor on the rising edge of SCLK.
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8.5.2.1.3 Frame-Sync (DRDY/FSYNC) in Frame-Sync Master Mode

In frame-sync master mode, the FSYNC pin is an output whose period is proportional to the ADC programmed
data rate. Within each FSYNC period are 32 SCLKs to shift out the data on DOUT. The FSYNC duty cycle is
designed to be 50-50, where an FSYNC low-to-high transition takes place before the MSB of new data, and high-
to-low transition takes place before bit 15 on the falling edge of SCLK. For more information on FSYNC master-
mode timing, see the Frame-Sync Master Mode Timing Requirements.

8.5.2.1.4 Data Input (DIN) in Frame-Sync Master Mode
DIN is not available in frame-sync master mode. Tie DIN to DGND.

8.5.2.1.5 Data Output (DOUT) in Frame-Sync Master Mode

The conversion data are clocked out on the falling edge of SCLK to be latched by the host processor on the
rising edge of SCLK. The MSB data become valid on DOUT after FSYNC goes high. The subsequent bits are
shifted out with each falling edge of SCLK.

8.5.2.1.6 Daisy-Chain Input (DAISYIN) in Frame-Sync Master Mode
DAISYIN and daisy-chain operation are not supported in frame-sync master mode. Tie DAISYIN to DGND.

8.5.2.2 Frame-Sync Slave Mode

When operating in frame-sync slave mode, the user must supply the framing signal FSYNC (similar to the
left/right clock on stereo audio ADCs) and the serial clock SCLK (similar to the bit clock on audio ADCs). The
data are output MSB first or left-justified on the rising edge of FSYNC. The FSYNC and SCLK inputs must be
continuously running with the relationships shown in the Frame-Sync Timing Requirements.

8.5.2.2.1 Chip Select (CS) in Frame-Sync Slave Mode
CS is not used in frame-sync programming. Tie CS to DGND.

8.5.2.2.2 Serial Clock (SCLK) in Frame-Sync Slave Mode

In frame-sync slave mode, use SCLK to clock data out on DOUT. SCLK must run continuously; if SCLK is shut
down, the data read back is corrupted. The number of SCLKs within a frame period (t;rravg) Can be any power-
of-two ratio of CLK cycles (1, 1/2, 1/4, and so on), as long as the number of cycles is sufficient to shift the data
output within one frame.

Use SCLK to also shift data into DAISYIN when multiple devices are configured for daisy-chain operation. Even
though SCLK has hysteresis, keep SCLK as clean as possible to prevent glitches from accidentally shifting the
data.

8.5.2.2.3 Frame-Sync (DRDY/FSYNC) in Frame-Sync Slave Mode

In frame-sync slave mode, the FSYNC pin is an input that transitions low to high at the data-rate frequency. The
required number of fo « cycles to each FSYNC period depends on the configuration of the FILTER[1:0] and
OSRJ1:0] pins. If the FSYNC period is not the proper value, data read back is corrupted. For more information on
frame-sync slave-mode timing, see the Frame-Sync Slave Mode Timing Requirements.

8.5.2.2.4 Data Input (DIN) in Frame-Sync Slave Mode
DIN is not used in frame-sync slave mode. Tie the DIN pin to DGND.

8.5.2.2.5 Data Output (DOUT) in Frame-Sync Slave Mode

The conversion data are clocked out on the falling edge of SCLK to be latched by the host processor on the
rising edge of SCLK. The MSB data become valid on DOUT after FSYNC goes high. The subsequent bits are
shifted out with each falling edge of SCLK.

50 Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ads127l01?qgpn=ads127l01
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
ADS127L01

www.ti.com.cn ZHCSF11B —APRIL 2016—REVISED SEPTEMBER 2016

8.5.2.2.6 Daisy-Chain Input (DAISYIN) in Frame-Sync Slave Mode

DAISYIN is an optional pin used along with SCLK to shift data from a secondary ADS127L01 device. Data are
shifted out from DOUT of a secondary device into the DAISYIN pin of the first device. The data on DOUT is
latched into DAISYIN on the SCLK falling edge. See the Multiple Device Configuration section for more
information on using daisy-chain mode. Tie the DAISYIN pin to DGND if not used.

8.5.3 Data Format

The ADS127L01 provides either a 24-bit or 32-bit output word, 24 bits of which are data in binary twos
complement format with an optional eight LSBs containing status word information. The size of one code (LSB) is
calculated using Equation 8:

1LSB = (2 X Vger ) / 224 = +FS / 2% (8)

A positive full-scale input [V|y 2 (+FS — 1 LSB) = (Vree — 1 LSB)] produces an output code of 7FFFFFh, and a
negative full-scale input (V\y £ —-FS = —VRree ) produces an output code of 800000h. The output clips at these
codes for signals that exceed full-scale.

Table 20 summarizes the ideal output codes for different input signals.

Table 20. Ideal Output Code Versus Input Signal

INPUT SIGNAL, Vi
Vane = Yanm) IDEAL OUTPUT CODE®
2 +FS (28 -1) /2% 7FFFFFh
+FS /223 000001h
0 0
—FS /2% FFFFFFh
<-FS 800000h

(1) Excludes the effects of noise, INL, offset, and gain errors.
8.5.4 Status Word

Trailing the 24 bits of data is an optional 8-bit status word. The status word provides a real-time update of
internal system monitors and data integrity. By default, the contents are a mixture of 4-bit CRC data integrity and
system monitors. Alternatively, the status word can be set to output an 8-bit CRC without the system monitors.
The CRCB bit in the CONFIG regsiter controls the status word contents. Set the CRCB bit to 0 for the status
word to contain 4-bit CRC [bits 7:4], one bit [bit 3] to monitor out of range input (INP), and three bits [bits 2:0] to
read back as 0. Set the CRCB bit to 1 for all eight bits [bits 7:0] of the status word to contain 8-bit CRC. See
Figure 94 for a visual representation of the two modes.

By default, the optional 8-bit status word is enabled, but can be disabled when operating in SPI interface mode
and setting the CS_ENB bit to 1 in the CONFIG register.

DOUT :::::X DATA ) CRC-4 Ame X o f o) o)

CRCB=0 )7

DOUT =—--- 45
:X DATA X CRC-8 )
CRCB=1 =----

Figure 94. Status Word
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8.5.5 Cyclic Redundancy Check (CRC)

The ADS127L01 implements two standard CRC algorithms: CRC-4-ITU to provide a 4-bit CRC, and CRC-8-
CCITT for an 8-bit CRC. By default, the CRC-4-ITU option is enabled. Set the CRCB bit to 1 in the CONFIG
register to change the format to CRC-8-CCITT and remove the system monitor bits from the status word.

The CRC is placed after the ADC data. The CRC is calculated using only the ADC output. When the 4-bit CRC is
enabled, the ADS127L01 outputs a 4-bit status block after the CRC that is not used as part of the CRC check.

8.5.5.1 Computing the CRC

To calculate the CRC, divide the data bytes by the CRC polynomial using an XOR operation.

In 4-bit CRC mode, the CRC value is the 4-bit remainder of the division of the data bytes by a CRC polynomial of
P(x) = x*+ x + 1.

In 8-bit CRC mode, the CRC value is the 8-bit remainder of the division of the ADC data bytes by a CRC
polynomial of P(x) = x& + x? + x + 1.

Then compare the calculated CRC values to the provided CRC value in the ADC output.

If the values do not match, a data-transmission error has occurred. In the event of a data-transmission error,
read the data again. The CRC provides a higher level of detection of multiple-bit errors.

The following list shows a general procedure to compute the CRC value. Assume the shift register is n bits wide,
where n is the number of CRC bits:

1. Set the polynomial value to 0x3 for an 4-bit CRC, or 0x07 for an 8-hit CRC .

2. Set the shift register to all zeros.

3. Begin with the MSB in the data stream. For every n bits:

(@) Align the MSB of the data stream with the MSB of the shift register. XOR the data with the shift register, and place
the result in the shift register.
(b) Test the MSB of the shift register n times, and do one of the following each time:
(a) If the most significant bit of the shift register is set, shift the register left by one bit, XOR the result with the
polynomial, and place the result into the shift register.
(b) If the most significant bit of the shift register is not set, shift the register left by one bit.

4. The result in the shift register is the CRC check value.

NOTE
The CRC algorithm used here employs an assumed set high bit. This bit is divided out by
left-shifting the bit out of the register prior to XORing with the polynomial shift register.
This process allows for calculation of the CRC with 8-bit hardware.
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8.6 Register Maps

Table 21 describes the various ADS127L01 registers. Access to the registers is available in SPI interface mode.
Register access is not available in frame-sync master or slave interface modes.

Table 21. ADS127L01 Register Assignments

RESET
VALUE
ADDRESS REGISTER (Hex) BIT 7 BIT6 BITS BIT4 BIT3 BIT 2 BIT1 BITO
Device ID (Read-Only Registers)
00h D x3h® REV_ID[4:0] \ DEV_ID[2:0]
Configuration Settings
0th CONFIG 00h 0 0 FsC OFC TOUT_DEL | SPI_TOUT CS_ENB CRCB
02h OFCO 00h OFC_B[7:0]
03h OFC1 00h OFC_B[15:8]
04h OFC2 00h OFC_B[23:16]
05h FSCo 00h FSC_B[7:0]
06h Fsc1 80h FSC_B[15:8]
Device Settings (Read-Only Registers)
orh | MODE X 0 | HR | osrizo] | osR] FILTER[L:0] | FILTER[L.0] FORMAT FSMODE

(1) xis undefined.
8.6.1 ID: ID Control Register (address = 00h) [reset = x3h]
This register is programmed during device manufacture to indicate device characteristics.

Figure 95. ID Register

7 6 5 4 3 2 1 0
REV_ID[4:0] | DEV_ID[2:0]
R-Undefined ® R-3h

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

(1) Reset values are device dependent.

Table 22. ID Register Field Descriptions

Bit Field Type Reset Description
Revision ID.
7:3 REV_ID[4:0] R xh @ These bits indicate the revision of the device and are subject to

change without notice.

Device Family Identification.

2:0 DEV_ID[2:0] R 3h 011 = ADS127L01

(1) Reset values are device dependent.
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8.6.2 CONFIG: ADC Configuration Register (address = 01h) [reset = 00h]
This register contains the software controlled device options.

Figure 96. CONFIG Register

7 6 5 4 3 2 1 0
0 0 \ FSC | OFC | TouT DEL | sPI_TOUT CS_ENB CRCB
R-Oh R-Oh R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h

LEGEND: R/W = Read/Write; R = Read only; -n = value after reset
Table 23. CONFIG Register Field Descriptions

Bit Field

Type

Reset

Description

7:6 Reserved

R

Oh

Reserved
Always write O

5 FSC

R/W

Oh

System Gain Correction

This bit enables system gain correction using the register
contents from FSCO and FSCL1 registers.

0 = Disable system gain correction

1 = Enable system gain correction

4 OFC

R/W

Oh

Offset Correction

This bit enables Offset Correction using the register contents
from OFCO, OFC1, and OFC2 registers.

0 = Disable offset correction

1 = Enable offset correction

3 TOUT_DEL

R/W

Oh

SPI Timeout

This bit sets the time limit to hold SCLK in an idle position for the
SPI reset.

0 = SPI timeout delay set to 226 tc k.

1 = SPI timeout delay set to 22 tc «.

2 SPI_TOUT

R/W

Oh

SPI Timeout Enable

This bit enables or disables the SPI timeout function.
0 = Disable SPI timeout

1 = Enable SPI timeout

1 CS_ENB

R/IW

Oh

Status Word Enable

This bit enables or disables the status word that is present
following the 24-bit data output.

0 = Enable status word

1 = Disable status word

0 CRCB

R/IW

Oh

Status Word Contents

This bit sets the contents used in the status word.
0 = CRC-4 and 4 bits of ADC diagnostics
1=CRC-8
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8.6.3 OFCO0: System Offset Calibration Register 0 (address = 02h) [reset = 00h]

This register contains the least significant byte for the system offset calibration. The system offset calibration is a
total of three bytes or 24 bits.

Figure 97. OFCO Register

7 6 5 4 3 2 1 0
OFC_B[7:0]
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 24. OFCO Register Field Descriptions

Bit Field Type Reset Description

Offset Correction Bits
These bits set the system offset error correction.

7:0 OFC_B[7:0] RIW 00h

8.6.4 OFC1: System Offset Calibration Register 1 (address = 03h) [reset = 00h]

This register contains the middle byte for the system offset calibration. The system offset calibration is a total of
three bytes or 24 bits.

Figure 98. OFC1 Register

7 6 5 4 3 2 1 0
OFC_B[15:8]
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 25. OFC1 Register Field Descriptions

Bit Field Type Reset Description

Offset Correction Bits
These bits set the system offset error correction.

7:0 OFC_B[15:8] RIW 00h

8.6.5 OFC2: System Offset Calibration Register 2 (address = 04h) [reset = 00h]

This register contains the most significant byte for the system offset calibration. The system offset calibration is a
total of three bytes or 24 bits.

Figure 99. OFC2 Register

7 6 5 4 3 2 1 0
OFC_B[23:16]
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 26. OFC2 Register Field Descriptions

Bit Field Type Reset Description

Offset Correction Bits
These bits set the system offset error correction.

7:0 | OFC_B[23:16] RIW 00h
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8.6.6 FSCO0: System Gain Calibration Register 0 (address = 05h) [reset = 00h]

This register contains the least significant byte for the system gain calibration. The system gain calibration is a
total of two bytes or 16 bits.

Figure 100. FSCO Register

7 6 5 4 3 2 1 0
FSC_B[7:0]
R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 27. FSCO Register Field Descriptions

Bit Field Type Reset Description
. . Gain Correction Bits
0 FSC_B[7:0] RIW 00h These bits set the system gain calibration value.

8.6.7 FSC1: System Gain Calibration Register 1 (address = 06h) [reset = 80h]

This register contains the most significant byte for the system gain calibration. The system gain calibration is a
total of two bytes or 16 bits.

Figure 101. FSC1 Register

7 6 5 4 3 2 1 0
FSC_B[15:8]
R/W-1h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h R/W-0h
LEGEND: R/W = Read/Write; R = Read only; -n = value after reset

Table 28. FSC1 Register Field Descriptions

Bit Field Type Reset Description
. . Gain Correction Bits
70 FSC_B[15:8] RIW 80h These bits set the system gain calibration value.
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8.6.8 MODE: Mode Settings (address = 07h) [reset = xxh]

This register displays the hardware bit settings.

Figure 102. MODE Register

7 6 5 4 3 2 1 0
0 HR ‘ OSRJ[1:0] FILTER[1:0] FORMAT FSMODE
R-Oh R-xh R-xh R-xh R-xh R-xh R-xh R-xh

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

Table 29. MODE Register Field Descriptions

Bit Field Type Reset

Description

7 RESERVED R Oh

Reserved
Always reads 0

High-Resolution Setting

This bit shows the readback status of HR (pin 29)
0 = LP Mode

1 = HR mode

5:4 OSR[1:0] R xh

OSR Setting

This bit shows the readback status of OSR1 (pin 15) and OSR2
(pin 16)

If FILTER[1:0] = 00 or 01 (Wideband filters):
00 =32

01 =64

10=128

11 =256

If FILTER[1:0] = 10 (Low-latency filter):

00 =32

01 =128

10 =512

11 = 2048

3:2 FILTER[1:0] R xh

Filter Option Setting

This bit shows the readback status of FILTER1 (pin 12) and
FILTERO (pin 13)

Digital-filter mode select:

00 = Wideband 1 filter

01 = Wideband 2 filter

10 = Low-latency filter (SINC5 and SINC)

11 = Reserved

1 FORMAT R xh

Interface Mode Setting

This bit shows the readback status of FORMAT (pin 30)
0 = SPI interface mode

1 = Frame-sync interface mode

0 FSMODE R xh

Frame-sync mode setting

This bit shows the readback status of FSMODE (pin 14)
0 = Frame-sync slave interface mode

1 = Frame-sync master interface mode

Copyright © 2016, Texas Instruments Incorporated
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9 Application and Implementation

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

9.1 Application Information

9.1.1 Unused Inputs and Outputs
Do not float unused digital inputs because excessive power-supply leakage current might result.

The DIN and CS pins are only used in SPI interface mode. Tie DIN (pin 21) and CS (pin 23) directly to DGND
when in frame-sync master mode or frame-sync slave mode.

If not daisy-chaining devices, tie DAISYIN directly to DGND.

In SPI interface mode, leave the unused DRDY/FSYNC pin floating, or tie the unused pin to DVDD through high
impedance resistors.

9.1.2 Multiple Device Configuration

The ADS127L01 provides configuration flexibility when multiple devices are connected in a system:

» SPI interface mode supports two methods to synchronize multiple devices: cascaded or daisy-chain.

* Frame-sync slave interface mode also supports the same two methods to synchronize multiple devices:
cascaded or daisy-chain.

e Frame-sync master interface mode only supports the cascaded method to synchronize multiple devices.
Daisy-chain configuration is not available in frame-sync master mode.

9.1.2.1 Cascaded Configuration

Two or more ADS127L01 devices can be cascaded together when using either SPI interface mode or Frame-
Sync interface mode. Cascading devices allows multiple devices to share the same interface bus and reduces
pin connections to the host processor.
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Application Information (continued)
9.1.2.1.1 SPlinterface Mode

In SPI interface mode, CLK, SCLK, DIN, and DOUT from each device are shared with independent CS signals.
Monitor the DRDY signal from only one device. Leave the remaining DRDY pins floating. Figure 103 shows the
required connections for cascading multiple devices in SPI interface mode.

I@—o—i CLK cs GPIO1
- START SCLK SCLK
ADS127L01 DIN MOSI
(Device 0)
DOUT MISO HOST
DRDY/FSYNC INT PROCESSOR
DAISYIN GPIO2
i CLK Cs
O—4 START SCLK
ADS127L01 DIN
(Device 1) DOUT
DRDY/FSYNC
DAISYIN
Copyright © 2016, Texas Instruments Incorporated

Figure 103. Cascaded Devices in SPI Interface Mode

The host processor must use a separate GPIO to control the CS pins on each ADS127L01 device. When CS is
driven to a logic 1, the DOUT of that device is high-impedance. This structure allows another device to take
control of the DOUT bus. The SCLK frequency must be high enough to read all of the data from each device
before the next DRDY pulse arrives. Alternatively, tie the DOUT pin from each device to a separate pin on the
host processor to collect data from multiple devices in parallel.

Equation 9 calculates the maximum number of devices that can share the same bus in a cascaded configuration
in terms of data rate, SCLK frequency, and total number of bits per device.

Number of Devices < (tpata — tespo — tespoz) / (N X tseok)

where
e n=24or 32 bits 9)
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Application Information (continued)
9.1.2.1.2 Frame-Sync interface Mode

In frame-sync interface mode, the CS pin is unused and must be tied to DGND. CLK, SCLK, DIN, and FSYNC
from each device are shared with independent DOUT signals. Connect the DOUT pin from each device to a
separate input pin on the host processor to read the data from multiple devices in parallel. Figure 104 shows the
required connections for cascading multiple devices in frame-sync interface mode.

L START SCLK (O)—— SCLK
ADS127L01 DIN MOSI
(Device 0)
DOUT MISO1 HOST
DRDY/FSYNC INT PROCESSOR
DAISYIN MISO2
i CLK [
O—= START SCLK
ADS127L01 DIN
(Device 1) DOUT
DRDY/FSYNC
DAISYIN
Copyright © 2016, Texas Instruments Incorporated

Figure 104. Cascaded Devices in Frame-Sync Mode

Only one device can be configured in frame-sync master mode; remaining devices must be configured in frame-
sync slave mode. Otherwise, configure all devices in frame-sync slave mode.

Equation 10 calculates the maximum number of devices that can be daisy-chained for SPI and frame-sync slave
mode in terms of data rate, SCLK frequency, and total number of bits to read from each device.
Number of Devices < (tpara) / (N % tscik)

where
* n=24or 32 bits (10)

9.1.2.2 Daisy-Chain Configuration

Two or more ADS127L01 devices can be daisy-chained together in either SPI interface mode or frame-sync
slave mode. Frame-sync master mode does not support daisy-chain configurations. For both SPI and frame-sync
slave mode, connect the DOUT pin of the first device in the chain to an input pin on the host processor. Connect
the DOUT pin of the remaining devices to the DAISYIN pin of the next device. Connect the DAISYIN pin on the
last device to DGND.

Equation 11 calculates the maximum number of devices that can share the same bus in a cascaded
configuration in terms of data rate, SCLK frequency, and total number of bits per device.

Number of Devices < (tpata) / (N X tscik)

where
* n=32bhits (11)
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Application Information (continued)
9.1.2.2.1 Daisy-Chain Operation Using SPI interface Mode

In SPI interface mode, CLK, SCLK, DIN and CS are shared. Monitor only the DRDY signal from one device.
Leave the remaining DRDY pins floating. The SCLK frequency must be high enough to read all the data from
each device before the next DRDY pulse arrives. Figure 105 shows the required connections for daisy-chaining
multiple devices in SPI interface mode.

—— START SCLK SCLK
ADS127L01 DIN MOSI
(Device 0)
DOUT MISO HOST
DRDY/FSYNC INT PROCESSOR
DAISYIN
»j CLK cs
O—= START SCLK
ADS127L01 DIN
(Device 1) DOUT
DRDY/FSYNC
DAISYIN
Copyright © 2016, Texas Instruments Incorporated

Figure 105. Daisy-Chained Devices in SPI Mode

All data from Device 0 is shifted into Device 1 on the DAISYIN pin. The MSB from the Device 0 data immediately
follows the LSB from Device 1 on the DOUT pin of Device 0. Figure 106 illustrates the timing relationship for
daisy-chaining devices in SPI interface mode.

T )
IIIL‘,JI_II_I_Z_Ill_I

/T Device 0 Device 0 Device 1 Device 1 /T
—_—

Figure 106. Daisy-Chain Timing in SPI interface Mode

-————

DAISYIN —(/
| PR —

Device 1
LSB
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Application Information (continued)
9.1.2.2.2 Daisy-Chain Operation Using Frame-Sync interface Mode

In frame-sync slave mode, CLK, SCLK, DIN and FSYNC are shared. The CS pin is unused and must be tied to
DGND. The SCLK frequency must be high enough to read all the data from each device before the next frame
begins. Figure 107 shows the required connections for daisy-chaining multiple devices in frame-sync slave mode.

RCmet »

— START SCLK O——= SCLK

ADS127L01 DIN MOSI

(Device 0) DOUT MISO

HOST
DRDY/FSYNC INT PROCESSOR
DAISYIN
»j CLK cs
O— START SCLK
ADS127L01 DIN
(Device 1) DOUT
DRDY/FSYNC
DAISYIN
Copyright © 2016, Texas Instruments Incorporated

Figure 107. Daisy-Chained Devices in Frame-Sync Slave Mode

All data from Device 1 are shifted into Device 0 on the DAISYIN pin. The MSB from the Device 1 data
immediately follows the LSB from Device 0 on the DOUT pin of Device 1. Figure 108 illustrates the timing
relationship for daisy-chaining devices in frame-sync slave mode.

Device 1

DAISYIN  —— ice

U g g -

L 1L .
v

/=TT T/ Deviceo Device 0 Device 1 Devicel \/
—_—

Figure 108. Daisy-Chain Timing in Frame-Sync Slave Mode
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Application Information (continued)
9.1.2.3 Synchronizing Devices

Use the START pin or the RESET/PWDN pin to synchronize multiple devices. The START pin does not reset the
device registers to the default settings. The RESET/PWDN pin resets the device to the factory default settings,
and resets the interface when in frame-sync master mode. The delay from the START signal high to the first data
ready is fixed for a given data rate (see the Start Pin (START) section for more details on the delay times).

An alternate way to synchronize multiple devices is using the RESET/PWDN pin. The RESET/PWDN pin resets
the digital interface in addition to the digital filters and registers, making it the recommended synchronization
method for frame-sync master mode. The delay from the RESET/PWDN pin high to the first data ready is fixed
for a given data rate (see the Reset and Power-Down Pin (RESET/PWDN) section for more details on the delay
times). The RESET/PWDN pin is also used to synchronize multiple devices in SPI interface mode or frame-sync
slave mode.

When synchronizing multiple devices, the master clock, f,,, must be shared from the same signal source.

9.1.3 ADC Input Driver

The input driver circuit for a high-precision delta-sigma ADC consists of two parts: a driving amplifier and a low-
pass, antialiasing filter. The amplifier is used to condition the input signal voltage and provide a low output-
impedance buffer between the signal source and the switched-capacitor inputs of the ADC. The low-pass
antialiasing filter, comprised of series resistors and a differential capacitor, helps to attenuate the voltage
transients created by the ADC switched-capacitor input stage, and also serves to band-limit the wideband noise
contributed by the front-end circuit. Careful design of the input driver circuit is critical to take advantage of the
linearity and noise performance of the ADS127L01.

9.1.3.1 Antialiasing Filter

Signal aliasing in data-acquisition systems occurs when continuous-time signals are discretely sampled at a
constant rate. To properly represent an analog signal in the digital domain, the system must sample the input at
a sampling rate greater than twice the maximum frequency content, known as the Nyquist rate. Frequencies that
are greater than one-half the sampling rate are not represented properly in the digital domain and appear as
aliases of the original input instead.

Delta-sigma ADCs exhibit two Nyquist frequencies, as shown in Figure 109. The first Nyquist frequency occurs in
the analog domain at one-half the modulator sampling rate (fuop / 2). The second Nyquist frequency occurs in
the digital domain at one-half the decimated output data rate (fpata / 2). Frequency content repeats at multiples
of fyop and fpata. Both Nyquist frequencies allow for out-of-band signals to alias into the ADC pass band,
including noise from the front-end driver circuit. This aliasing increases the in-band noise level of the system and
degrades overall performance if not adequately filtered.

ADC INPUT AYX MODULATOR DIGITAL FILTER DECIMATION
¢
11| o > \ -9
Analog Domain Digital Domain
Aliasing Aliasing

Copyright © 2016, Texas Instruments Incorporated

Figure 109. Delta-Sigma ADC Internal Signal Chain
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Application Information (continued)

Figure 110 and Figure 111 illustrate the two aliasing domains in delta-sigma ADCs. Figure 110 shows a higher-
frequency, out-of-band signal aliasing around the modulator Nyquist frequency (fyop / 2) into the pass band.
Figure 111 shows a lower-frequency, out-of-band signal aliasing around the data rate Nyquist frequency (fpata /
2) into the pass band after being attenuated by the digital filter.

A A
o Analog Domain Q| Digital Domain
= iasi ~ Aliasing
Aliasing o
3 3
2 ] 2 (]
c S 4
& e T ’ H
= . = ’ :
L} ’ .
L} ’ .
(] ' .
[ ] ] H
. [] H R
[ _ T T T T >
T T >
DC fpata’2 foata fvon/2 fuoo
DC fmon/2 fmop

Frequency (Hz)
Frequency (Hz)

Figure 111. Digital Domain Aliasing Around fpata / 2
Figure 110. Analog Domain Aliasing Around fyop / 2

To prevent signals from aliasing, use a low-pass antialiasing filter to attenuate the out-of-band signals. The
simplest antialiasing filter is a discrete first-order, low-pass, RC filter. To achieve a higher level of attenuation at
the Nyquist frequency requires a higher-order filter response, usually before the last amplifier stage.

The digital filter in delta-sigma ADCs reduces the attenuation requirement of the antialiasing filter by providing a
high stop-band attenuation between fpata / 2 and fyop. At multiples of fyop, the digital filter response returns to 0
dB and repeats. This portion of the digital filter response is the sensitive frequency band where an antialiasing
filter is needed. Figure 112 overlays a digital filter response with first-, second-, and third-order antialiasing filters,
attenuating both out-of-band signals.

First-Order Antialiasing Filter
Second-Order Antialiasing Filter
Third-Order Antialiasing Filter
Digital Filter

A

Magnitude (dB)

v

| |
DC foatal2 foata fmon/2 fmon

Frequency (Hz)

Figure 112. Antialiasing and Digital Filters
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Application Information (continued)

The antialiasing RC filter also helps to attenuate the voltage transients from the sampling network at the ADC
inputs. Figure 113 shows a simplified switch-capacitor circuit at the inputs of an ADC modulator. The sampling
network, described in Figure 60, places a transient load on the external drive circuit. The differential capacitor in
the RC filter, Cpeg, acts as a charge reservoir and transfers charge to the internal sampling capacitor, CsampLe,
while S1 is closed. The input driver circuit must restore the charge at the input nodes (AINP and AINN) so that
the voltage settles before S1 opens. After S1 opens, S2 closes, discharging the Cgayp e Capacitor. The faster the
modulator sampling rate, the less time the input voltage has to settle. An amplifier with a gain-bandwidth product
(GBP) that is too low fails to provide adequate settling because of the higher output impedance over frequency,
and results in increased distortion.

S1
ReLr AINP Oﬂ o

Corr —— CsavpLe

A Vo

Reur AINN \ S1

Copyright © 2016, Texas Instruments Incorporated

l s2
| ?

Figure 113. Delta-Sigma Modulator Sampling Network

The sampling capacitors of the ADS127L01 have an equivalent capacitance of 8 pF. Scale Cp e to be at least
100 times larger than CgaypLe- Connect Cper directly across the ADC input pins to help provide adequate charge
with each ADC sample. Cp,er must be COG or NPO dielectric type because these components have a high-Q,
low-temperature coefficient, and stable electrical characteristics to withstand varying voltages and frequencies.
Common-mode capacitors, Cqy, can also be added at each input to ground to attenuate common-mode noise
and sampling glitches. Size the common-mode capacitors to be one order of magnitude smaller than Cper in
order to maintain system common-mode rejection (CMR).

Figure 114 shows an example of the voltage transient created by the ADC sampling event at the inputs of an
unbuffered delta-sigma ADC. The larger transients mark the moment when S1 closes to connect Cgayp e tO the
external front-end circuitry. The smaller transient occurs when the S1 switch opens passing the charge through
the modulator. The sequence repeats at 1 / fyop. The data were recorded using a passive 10x probe on the
AINP pin only. The same transient is observed on AINN as well. The differential transient voltage is more than an
order of magnitude smaller.

160 9
— ANPMV)|
1401 77 Sk ) 75
120 — I TR L
100 ,,L,,L,,L,,L,,L,,L,,L,,L,,L,,4.5

o

nnng

AINP Voltage (mV)
CLK Voltage (V)

Time

Figure 114. ADC Input During Sampling

Copyright © 2016, Texas Instruments Incorporated 65


http://www.ti.com.cn/product/cn/ads127l01?qgpn=ads127l01
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
ADS127L01

ZHCSF11B —APRIL 2016—REVISED SEPTEMBER 2016 www.ti.com.cn

Application Information (continued)

When S1 opens, the input signal is sampled and converted by the modulator. Increasing Cp,er provides a larger
charge reservoir to the ADC, and reduces the initial voltage droop. For ADCs with a faster sampling frequency,
there is less time for this voltage transient to fully settle before the next sample. The ADC input relies on a driver
amplifier with sufficient bandwidth and low output impedance at high frequencies to provide recovery charge and
fully settle the voltage transient before S1 opens.

9.1.3.2 Input Driver Selection

Selection criteria for the input amplifiers are highly dependent on the input signal type, as well as the
performance goals of the data-acquisition system. Consider the following amplifier specifications when selecting
the appropriate driver amplifier for the application:

* Noise. The output noise density of the front-end amplifiers must be kept as low as possible to prevent any
degradation in system SNR performance. The total noise from the input stage is determined by the —3-dB
bandwidth of the ADS127L01 digital filter. Make sure that the total output noise is less than 20% of the input-
referred noise of the ADC, as explained in Equation 12:

1V _(SNR(dB)]
e x ff_ < =x-REF .10 20
o_RMS 3dB 5 \/E
where
* €, rms = Broadband output noise of the input driver stage in nViVHz
e fags = —3-dB bandwidth of the ADS127L01 digital filter in Hz (12)

» Distortion. Keep the distortion from the front-end drivers as low as possible, especially in the presence of a
switching load. Harmonics produced by the amplifier are also compounded by harmonics produced by the
ADC. Minimize the amplifier distortion by using the widest allowable supply voltage and highest output load
resistance for the application. Select an amplifier with high open-loop gain and at least —10 dB better
distortion than the ADC distortion in order to prevent any degradation to system THD performance, as
explained by Equation 13.

THD pyp < THDppc — 10 dB

where
e THDpwe = Total harmonic distortion from input driver
e THDppc = Total harmonic distortion specification of the ADC (13)

» 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 a larger capacitive load with a smaller series
resistor. For a given low-pass filter cutoff, keep the series resistor as small as possible and increase the
differential capacitor to minimize gain error and distortion (see the Antialiasing Filter section). Higher
bandwidth also minimizes harmonic distortion caused by faster settling of the input transients from the ADC
sampling. The required amplifier bandwidth depends on the size of the sampling capacitor, the sampling
frequency, and the size of the external differential capacitor. TINA-TI simulations help model the small-signal
settling behavior and the stability of the input driver circuit for a given load.

The THS45xx family of fully-differential amplifiers offers the low noise and distortion specifications needed in
high-performance data-acquisition systems. Table 30 shows the power versus performance tradeoff offered
between the THS4531A, THS4551, and the highest performing THS4541.

Table 30. Input Driver Selection

GAIN BANDWIDTH NOISE DENSITY QUIESCENT CURRENT | NOMINAL Rg AND Rg
DRIVER PRODUCT (MHz) (NVINHZ) Ig (MA) (@)
THS4531A 36 10 0.23 2k
THS4551 135 3.4 1.31 1.2k
THS4541 850 2.2 9.7 402
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Figure 115 and Figure 116 compare the distortion and noise performance of the THS4531A, THS4541, and
THS4551 as they drive the inputs of the ADS127L01. Each input driver circuit was configured for a gain of one
using the nominal feedback resistor values in Table 30. An AP2700 function generator provided a full-scale, sine
wave input at frequencies of 2 kHz and below, such that at least five harmonics were present in the fast Fourier
transform (FFT) calculated from 8,192 samples. An Agilent 33522A provided the clock input for the ADS127L01
(CLK) to set the modulator clock frequency between 100 kHz and 16.384 MHz.

To quantify the distortion performance of each input driver circuit, the spurious-free dynamic range (SFDR) is
calculated at each modulator clock frequency. A third-order polynomial, best-fit curve is applied to the raw data to
show the overall trend for each amplifier.

Figure 115 illustrates that at slower modulator clock frequencies, a lower power amplifier with less bandwidth can
be used to achieve similar SFDR performance as higher power amplifiers with more bandwidth. However, faster
modulator clock frequencies require the use of a wide-bandwidth amplifier to get the best performance out of the
ADC.

-80

Amplifier
—— THS4541
-90 —— THS4551
THS4531A
-100
)
)
x -110
2
- / ’__/
-130
-140

0 2 4 6 8 10 12 14 16 18
fmop (MHz)

Figure 115. SFDR vs fyop

In contrast to SFDR, the signal-to-noise ratio (SNR) of a data-acquisition signal chain is more dependent on the
input amplifier noise density, as well as the ADC output data rate. Figure 116 displays the SNR performance of
the ADS127L01 measured while driving the inputs with the THS4531A, THS4541, and THS4551. The digital filter
in the ADS127L01 is configured to use the Wideband 2 transition band and an OSR of 256 throughout the SNR
measurements. An AP2700 provided a small-signal 1 kHz input sine wave of 100 mVpp. An Agilent 33522A
provided the clock input (CLK) for the ADS127L01 to set the modulator clock frequency between 100 kHz and
16.384 MHz. The measured SNR is normalized to full-scale.
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Figure 116. SNR vs fyop
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The SNR performance is expected to remain relatively constant for all three amplifiers across modulator
frequencies. However, the improvement in SNR at slower modulator frequencies is because of the reduced
bandwidth of the digital filter as it scales down with modulator clock, limiting the input source broadband noise. At
higher frequencies, noise from the input source dominates as the digital-filter bandwidth increases. The
difference in amplifier noise density, listed in Table 30, has the largest effect on the system noise performance.

9.1.3.3 Amplifier Stability

Driving a capacitive load can degrade the phase margin of the input amplifier, and can make the amplifier
unstable. To prevent the amplifier from becoming unstable, a series isolation resistor (Rg 1) is used at the
amplifier output, as shown in Figure 113. A higher resistance value increases phase margin and makes the
amplifier more stable, but also increases distortion caused by the interaction with the nonlinear input impedance
of the ADC modulator. Distortion increases with source output impedance, input-signal frequency, and input-
signal amplitude.

The selection of Rg 1 requires a balance between distortion and the stability of the input driver design. The use of
1% components is allowed because the Cp e mitigates the degradation of CMR caused by input imbalances.

The input amplifier must be selected with a bandwidth higher than the cutoff frequency, fc, of the antialiasing filter
at the ADC inputs. Use a TINA-TI simulation to confirm that the amplifier has more than 30° of phase margin
when driving the selected filter to verify stability. Simulation is critical because some amplifiers require more
bandwidth than others to drive the same filter. If the input amplifier circuit has less than 20° of phase margin,
consider adding a capacitor at the amplifier inputs to increase phase margin.

9.1.4 Modulator Saturation

The ADS127L01 features a third-order modulator and a 5-bit quantizer in order to achieve excellent SNR
performance, resolution, and linearity. However, as with all high-order, delta-sigma modulators, certain input
conditions may saturate the modulator and increase the quantization noise. These conditions include input
signals that are less than full-scale and contain frequency content that falls within the stop band of the digital
filter. Most notably, a saturated modulator increases the ADC in-band noise floor and degrades SNR
performance.

To prevent the ADS127L01 from reaching a saturated condition, use an antialiasing filter at the inputs to
attenuate out-of-band signals. Table 31 shows the differential input amplitude limits at frequencies from 100 kHz
to 15 MHz for discrete modulator rates in order to prevent saturation. In general, a multiple-order, low-pass
response with a —3-dB cutoff placed one decade beyond the pass band is sufficient for most applications.

Table 31. Differential Input Amplitude Limits (dBFS)

fiy (MHZ) o
4.096 MHz 8.192 MHz 12 MHz 16.384 MHz
0.1 0 — — —
0.2 0 0 — —
-3 2 2 2
-7 6.5 -3 25
18 18 18 18
10 -19 -19 -19 -19
15 —20 —20 —20 —20

68 Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ads127l01?qgpn=ads127l01
http://www.ti.com.cn
http://www.ti.com/tool/tina-ti

13 TEXAS
INSTRUMENTS
ADS127L01

www.ti.com.cn ZHCSF11B —APRIL 2016—REVISED SEPTEMBER 2016

9.1.5 ADC Reference Driver

Design the reference driver to provide a precision, low-drift reference voltage to the ADC for best performance.
Similar to the input of the ADC, a switched-capacitor circuit samples the reference voltage between REFP and
REFN. The switched capacitor imposes a transient load on the external reference driver circuit at the modulator
frequency. A reference buffer is required to restore the charge across the differential capacitor at the reference
input pins so that the voltage settles before the next acquisition. The integrated broadband reference noise must
remain significantly less than the ADC integrated noise to minimize SNR degradation. Choose a reference driver
with relatively low noise density. Reference noise can be heavily filtered with a low-pass filter.

Below are two options for driving the reference input of the ADS127L01. Option 1 presents a single-chip solution
with an integrated buffer. Option 2 presents a multichip solution with a precision reference and an external buffer.

9.1.5.1 Single Chip Solution: REF6xxx

The REF6xxx is a family of very high-precision, low-noise, and low-drift voltage references. This single-chip
solution has an integrated high-bandwidth buffer that presents a low output impedance to the ADC reference
input. The REF6025 outputs a fixed 2.5-V output voltage; however, other devices from the same family are
available to offer various output voltages and temperature drift specifications

The ADS127L01 has the ability to maintain a high level of performance at relatively low levels of power
consumption. The REF6025 only adds 750 pA of typical quiescent current to the system power budget, while still
showcasing the performance of the ADS127L01 when sampling at full-speed, making it a great fit for low-power
applications with limited board space.

Figure 117 shows typical connections for the REF6025 as a reference driver circuit to the ADS127L01. The
output of the REF6025 uses a Kelvin connection to correct for the voltage drop between the voltage output pins
and the pads of the output capacitor. A small series resistance is required to keep the reference output stable.
See the REF60xx device datasheet (SBOS708) for more details on the required connections and component
values.

REF6025

ADS127L01

REFP  REFN

¥ 10 uF
VsuppLy C) H

~ l Copyright © 2016, Texas Instruments Incorporated

Figure 117. REF6025 Connection to ADS127L01
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9.1.5.2 Multichip Solution: REF50xx + OPA320

The REF50xx is another family of low-noise, low-drift, high-precision voltage references. The REF5025 outputs a
fixed 2.5-V output voltage; however, other devices from the same family are available to offer various output
voltages. Buffer the output of the REF5025 with a low-noise, wide bandwidth amplifier such as the OPA320 to
achieve the best performance with the ADS127L01.

The OPA320 is a precision, low-voltage CMOS operational amplifier optimized for low noise and wide bandwidth
with a typical quiescent current of 1.5 mA. From 0.1 Hz to 10 Hz, the OPA320 features an output noise of 2.8
UVpp. With a unity gain-bandwidth product of 20 MHz, the OPA320 is able to drive the ADS127L01 reference
inputs while sampling at full-speed without degrading linear performance of the system.

Figure 118 shows an example reference circuit using the REF5025 and the OPA320. The output of the REF5025
is low-pass filtered to less than 2 Hz before the input of the OPA320. The OPA320 is placed in a noninverting
buffer configuration with dual-feedback to compensate for the large capacitive output load and maintain stability.
See the respective device data sheets for more details on the required connections and component values.

1kQ

ADS127L01

2.2 uF
REFP

REFN

REF5025

220 mQ

47 yF

10pF OTEMP TRIMO
220 mQ

I

Figure 118. REF5025 + OPA320 Connection to ADS127L01

VSUPPLY

10 uF
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Table 32 compares the performance characteristics of the two reference driver solutions discussed in this
section.

Table 32. Reference Selection

DEVICE o () DRIFT TYP (1V1°C) | DRIFT MAX (vic) | NOISE Ve | Tty
REF5025 + OPA320 2300 8.0 229 9.04 -40°C to +125°C
REF6025 750 75 125 20,53 -40°C to +125°C
REF6125 750 10.0 20 20,53 -40°C to +125°C

(1) Total noise for 230 kHz ADC bandwidth simulated from TINA-TI.

The two reference solutions are capable of driving the ADS127L01 to meet datasheet specifications. While the
multichip solution has a larger PCB footprint, the multichip solution offers similar noise performance, and allows
more customization than the REF6x25, including the ability to low-pass filter the broadband noise of the
REF5025. This multichip solution may provide a lower-cost alternative to the REF6x25 for applications that can
tolerate a higher component count and power consumption. The REF6x25 has a smaller PCB footprint, and
offers tighter drift specifications at a fraction of the power.
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9.1.6 Driving LVDD With an External Supply

A portion of the ADC modulator in the ADS127L01 is powered from a separate low-voltage analog supply
(LVDD) to achieve lower overall power consumption. This supply is nominally 1.8 V and can be sourced by either
an internal LDO (INTLDO = 0) or an external supply (INTLDO = 1). When the internal LDO supply is used, the
LVDD current is sourced from AVDD.

While LDOs are known to be smaller and less noisy than other power supply topologies, LDOs are much less
efficient and can consume large amounts of power. An LDO dissipates excess power as heat in order to regulate
the output voltage. The higher the dropout voltage is between the supply input and the LDO output, the more
power is wasted.

Alternatively, an external switching power supply can drive LVDD. Switching power supplies are much more
efficient and consume less power; however, a small switching ripple could appear on the output. The frequency
content from this ripple can appear in the ADC output if:

» The switching frequency falls directly in the ADC pass band.
» The switching frequency aliases into the ADC pass band from an out-of-band frequency.

Consider carefully when choosing the switching frequency (fsy) in order to maintain the highest system power-
supply rejection (PSR). The LVDD supply pin offers at least 75 dB of PSR at 60 Hz. Choose an out-of-band
switching frequency that falls within the stop band of the wideband FIR filter, or within the notches of the low-
latency sinc filter, as shown in Figure 119 and Figure 120, respectively. If possible, an ideal design synchronizes
the switching supply frequency to a 1/2" ratio of the modulator clock frequency. Any remaining frequency content
that is not suppressed by the LVDD PSR will fall into the nulls of the digital filter or fold back to dc.

Magnitude (dB)
Magnitude (dB)

-
>

A 4

n * fuop @2n+1)+fyop/ 2 (n+ 1)« fuop n * fwop (2n+1) * fyon/ 2 (n+1) * fwop

Frequency (Hz) Frequency (Hz)

Figure 119. Suggested fgy for Wideband Filters Figure 120. Suggested fgy for Low-Latency Filter
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9.2 Typical Application

Test and measurement applications interface sensor inputs with a precision data-acquisition signal chain. This
signal chain must be capable of measuring a wide frequency range with very low noise and minimal harmonic
distortion. Figure 121 illustrates the main components of a sensor signal chain, consisting of a conditioning stage
at the sensor output, followed by a high-speed, low-noise amplifier driving a wide-bandwidth, delta-sigma ADC.

|- """ -—"—-"—-—"—-"~—"—"~"-""—7"=—"”""/”""”= 1

I I
qI(IR —>:I>—>i:>  osnn | |
I I
I I

Sensor Output Signal Conditioning Differential Driver and ADC
Copyright © 2016, Texas Instruments Incorporated

Figure 121. Test and Measurement Block Diagram

In data-acquisition systems, signal distortion can come from the amplifier, the settling of the switched-capacitor
load transients, and the ADC. Choose both the differential drive amplifier and the ADC such that neither one
limits the distortion performance of the signal chain. This section details the design procedure for the fully-
differential input stage to an ADC optimized for low noise and minimal harmonic distortion.

9.2.1 Design Requirements

Table 33. Design Requirements

DESIGN PARAMETER VALUE
Analog supply voltage 30V
Modulator sampling frequency (fuop) 16 MHz
Filter pass band DC to 100 kHz (fpata = 250 kSPS)
Antialiasing filter rejection —100 dB at fyop
Total harmonic distortion (THD) —110 dB at —0.5-dBFS input signal amplitude

70 dB at 100-mV input signal amplitude
(104 dB normalized to 2.5-V full-scale)

20 mA (50 mw)
Power consumption ADS127L01, input drive amplifier, reference device
+ drive amplifier

Signal-to-noise ratio (SNR)

9.2.2 Detailed Design Procedure

The ADS127L01 offers a typical THD level of =110 dB for a modulator frequency of 16.384 MHz. Target the
distortion from the input driver to be at least 10 dB better than the distortion of the ADC. The THS4551 provides
exceptional ac performance with extremely low distortion levels near —120 dB. With a 135-MHz gain-bandwidth
product, the THS4551 can drive the switched-capacitor input stage so that the load transients are mostly settled.
For higher levels of performance, use a faster amplifier with more bandwidth as long as the increased current
consumption fits within the system power budget. At 3.4 nV/VHz broadband noise density and 1.35 mA of
guiescent current, the THS4551 offers an attractive performance versus power tradeoff that is well-suited for
these applications.

Single-ended inputs have a varying input common-mode, and can produce larger even harmonics and decrease
distortion performance. Use a fully-differential input to the ADC to help suppress even harmonics and provide a
fixed common-mode voltage for the input signal.
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For this design, the THS4551 is placed in a multiple-feedback (MFB) filter configuration, as shown in Figure 122.
Nominal resistance values of 1.2 kQ are used in the amplifier feedback path to optimize power consumption,
while keeping the added broadband noise of the front-end driver circuit less than that of the ADS127L01. An
MFB filter produces a second-order, low-pass response.

1.2kQ

ANV

270 pF
I

AP2700 1.2 kQ 330Q THS4551
I 3
470 pF 1nF >8 ADS127L01
1.2kQ 330Q

||
I

270 pF

1.2kQ Copyright © 2016, Texas Instruments Incorporated

Figure 122. Multiple Feedback ADC Drive Circuit

The discrete low-pass RC filter components (10 Q and 22 nF) are small enough to increase the antialiasing filter
rolloff without adding significant distortion or gain error to the system. Combined with the active MFB filter, the
net result is a third-order antialiasing filter. Figure 123 plots the magnitude response of the front-end driver circuit
and illustrates how it supplements the Wideband 2 FIR filter in the ADS127L01.
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Figure 123. THS4551 MFB Filter Magnitude Response

The response of the third-order antialiasing filter remains flat beyond the digital filter pass band. Signals within
the bandwidth of interest are left unattenuated by the antialiasing filter. The Wideband 2 filter is used to provide
an average stop-band attenuation of —116 dB beginning at fpata / 2. This transition band prevents signals from
aliasing in the digital domain.

At f. = 304 kHz, the antialiasing filter reaches —3 dB, and rolls off sharply at a rate of —60 dB per decade. At 16
MHz, the filter response reaches —100 dB of attenuation, effectively eliminating unwanted frequency content
around the modulator rate. The antialiasing filter attenuates the frequency content that alias around the
modulator Nyquist frequency (fuop / 2). The REF6025 circuit proposed in Figure 117 was selected to drive the
ADS127L01 reference. This device enables the design to meet the outlined performance goals while remaining
within the target power budget.
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9.2.3 Application Curves

Figure 124 shows a fast Fourier transform (FFT) of the 32,768 samples collected at 250 kSPS (OSR 64). An
AP2700 generated a 4-kHz sine wave with a differential amplitude of —0.5 dB below full-scale (x2.36 V). The
fundamental input frequency at 4 kHz is the dominate tone in the FFT. The first 15 harmonics are used to
calculate the total harmonic distortion (THD) as —114.4 dB. The input amplifier and the antialiasing filter do not
degrade the overall distortion performance of the signal chain.

SNR was measured with a small-signal 100 mVpp (—34 dB from full-scale) input sine wave generated by the
AP2700. The SNR result is the difference in magnitude between the fundamental frequency and the integrated
noise of the ADC output up until foata / 2. Figure 125 shows the FFT of the 32,768 samples collected at 256
kSPS (OSR = 64). The result is then normalized to full-scale to yield 106.3 dB.
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Figure 124. THD Results
Figure 125. SNR Results

To verify the effectiveness of an antialiasing filter, input a sine wave at the frequency of interest and measure
how much that signal is attenuated at the output. In order to measure the attenuation at fy,op = 16 MHz, input a
signal around or at that frequency and measure the alias of the signal that folds into the ADC pass band.

Figure 126 shows the FFT results of the 32,768 samples collected at 64 kSPS (OSR 256) for finer frequency bin
resolution. An Agilent 33522A was used to generate a differential -0.5 dBFS sine wave input at 16.004 MHz.
Because 16.004 MHz is offset from 16 MHz (fyop) by 4 kHz, the input signal aliases to 4 kHz. The magnitude of

the frequency tone is the attenuation level of the antialiasing filter.
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Figure 126. Antialiasing Filter Attenuation Results

74 Copyright © 2016, Texas Instruments Incorporated


http://www.ti.com.cn/product/cn/ads127l01?qgpn=ads127l01
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
ADS127L01

www.ti.com.cn ZHCSF11B —APRIL 2016—REVISED SEPTEMBER 2016

Table 34 lists the typical current consumption and power dissipation for the ADS127L01, the THS4551, and the
REF6025.

Table 34. Power Consumption

COMPONENT QUIESCENT CURRENT (mA) POWER DISSIPATION (mW)
ADS127L01 (AVDD) 10.6 31.8
ADS127L01 (DVDD) 4.4 7.8

THS4551 13 3.9
REF6025 0.8 2.3
TOTAL 171 45.8

9.3 Do's and Don'ts

« Do partition the analog, digital, and power supply circuitry into separate sections on the printed circuit board
(PCB).

» Do use a single ground plane for analog and digital grounds.

» Do place the analog components close to the ADC pins using short, direct connections.

e Do keep the SCLK pin free of glitches and noise.

« Do verify that the analog input voltages are within the specified input voltage range under all input conditions.

« Do tie unused digital input pins to DGND to minimize input leakage current.

« Do use an LDO to reduce voltage ripple generated by switch-mode power supplies.

« Do synchronize clock signals and switching supply frequencies to minimize intermodulation artifacts and
noise degradation.

» Don't cross analog and digital signals.
» Don't route digital clock traces in the vicinity of the analog inputs or CAP1 and CAP2 analog bias voltages.

« Don't allow the analog and digital power supply voltages to exceed 3.9 V under any condition, including
during power-up and power-down.

» Don't use inductive supply or ground connections.
» Don'tisolate analog ground (AGND) from digital ground (DGND).

Figure 127 illustrates examples of correct and incorrect ADC circuit connections.
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Do's and Don'ts (continued)
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Inductive supply or ground connections.

Low-impedance supply connections.

3V El 5V 3V 1.8V
CORRECT fu )| INCORRECT
AVDD Device AVDD Device DVDD
24-Bit
A ADC
AGND AGND DGND

IS
Synchronized clocks and switching supplies. Isolated AGND and DGND.
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Figure 127. Correct and Incorrect Circuit Connections
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9.4 Initialization Setup

Figure 128 illustrates a general procedure to configure the ADS127L01 to collect data.

Write
Registers

A\ 4

‘ Power Off ‘

l

‘ Set INTLDO ‘

A4
‘ Set Hardware Mode Pins ‘

v

Power Up
Analog + Digital Supplies

v
SET

RESET/PWDN = 1

Using SPI
Interface Mode?

Set START =1 or

Set START =1 or

Use START Command Use START Command
I )
Monitor for Issue Frame-Sync or
DRDY Monitor for Frame-Sync
A l A
) 4
Collect Data Collect Data

/I Start with power off

/I Enable or disable analog 1.8-V internal LDO

/I Pull up or pull down HR, OSR[1:0], FILTER[1:0],
FSMODE, and FORMAT pins to DVDD or DGND

/I Analog and digital supplies can come up together

/I RESET/PWDN can come up with power supply
/I Wait tsu(PWDN) and td(POR) for device to exit POR

/I Configure ADC registers only if using SPI mode

// Bring hardware START pin high to begin conversions
/I If using commands to control conversions, use START
command to begin conversions.

/I Monitor for DRDY output if in SPI interface mode
/I lssue FSYNC input at set data rate if in frame-sync slave interface mode
/I Monitor for FSYNC output at set data rate if in frame-sync master interface mode

/I Wait for settled data to be available and capture on DOUT
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Figure 128. ADS127L01 Configuration Sequence

Copyright © 2016, Texas Instruments Incorporated

77


http://www.ti.com.cn/product/cn/ads127l01?qgpn=ads127l01
http://www.ti.com.cn

13 TEXAS
INSTRUMENTS
ADS127L01

ZHCSF11B —APRIL 2016—REVISED SEPTEMBER 2016 www.ti.com.cn

10 Power Supply Recommendations

The ADS127L01 requires either two or three power supplies, depending on if the internal LDO is used to supply
the LVDD analog supply. The AVDD analog supply is referenced to AGND, the LVDD analog supply is
referenced to AGND, and the DVDD digital supply is referenced to DGND. The analog power supply can only be
unipolar (for example, AVDD = 3.0 V, AGND = 0 V) and is independent of the digital power supply. If INTLDO =
0, the LVDD supply is internally generated using the AVDD supply. If INTLDO = 1, the internal LDO is disabled
and LVDD supply must be externally supplied. The digital supply sets the digital I/O levels.

10.1 Power-Supply Sequencing

The power supplies can be sequenced in any order, but in no case must any analog or digital inputs exceed the
respective analog or digital power-supply voltage limits. Bring the RESET/PWDN pin high after the analog and
digital supplies are up, or bring the pin high with the DVDD supply (assuming the AVDD and LVDD supplies
come up with or before DVDD). After all supplies are stabilized, wait for the typogy timing for the power-on-reset
to complete before communicating with the device in order to allow the power-up reset process to complete.

10.2 Power-Supply Decoupling

Good power-supply decoupling is important to achieve optimum performance. AVDD, LVDD, and DVDD must be
decoupled with at least a 1-uF capacitor, as shown in Figure 129. Place the bypass capacitors as close to the
power-supply pins of the device as possible using low-impedance connections. Use multilayer ceramic chip
capacitors (MLCCs) that offer low equivalent series resistance (ESR) and inductance (ESL) characteristics for
power-supply decoupling purposes. For very sensitive systems, or for systems in harsh noise environments,
avoid the use of vias for connecting the capacitors to the device pins for superior noise immunity. The use of
multiple vias in parallel lowers the overall inductance and is beneficial for connections to ground planes. Connect
analog and digital ground together as close to the device as possible.

3V 1.8V
1uF 1uF
_______ AVDD DVDD
| |
1.8-V External CAP1 _|
| _ | LVDD
INTLDO =1 |

1uF

_______ 1uF ;;
ADS127L01  CAP2 —| h
I e

10 pF 0.1 uF _|
REEN CAP3
AGND DGND 1pF
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Figure 129. ADS127L01 Recommended Power-Supply Decoupling
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11 Layout

11.1 Layout Guidelines

Tl recommends employing best design practices when laying out a printed-circuit board (PCB) for both analog
and digital components. This recommendation generally means that the layout separates analog components
[such as ADCs, amplifiers, references, digital-to-analog converters (DACs), and analog multiplexers] from digital
components [such as microcontrollers, complex programmable logic devices (CPLDs), field-programmable gate
arrays (FPGAs), radio-frequency (RF) transceivers, universal serial bus (USB) transceivers, and switching
regulators]. An example of good component placement is shown in Figure 130. Although Figure 130 provides a
good example of component placement, the best placement for each application is unique to the geometries,
components, and PCB fabrication capabilities employed. That is, there is no single layout that is perfect for every
design, and careful consideration must always be used when designing with any analog component.

Ground Fill or = Ground Fill or
Ground Plane &3 Ground Plane
=z Supply
S 3 Generation
( ) Signal o)
Conditioning o | ntert.
) — nterface
(RC filters Device Microcontroller I [ :
ransceiver
and - ||
O amplifiers) B 8 Connector
= or Antenna
25
Ground Fill or % g Ground Fill or
Ground Plane o) o Ground Plane

Figure 130. System Component Placement

The following bullet items outline some basic recommendations for the layout of the ADS127L01 to get the best
possible performance of the ADC. A good design can be ruined with bad circuit layout.

» Separate analog and digital signals. To start, partition the board into analog and digital sections where the
layout permits. Route digital traces away from analog traces. This separation prevents digital noise from
coupling back into analog signals.

e The ground plane can be split into an analog plane (AGND) and digital plane (DGND), but this split is not
necessary. Place analog signals over the analog plane and digital signals over the digital plane. As a final
step in the layout, completely remove the split between the analog and digital grounds. If ground plane
separation is necessary, make the connection between AGND and DGND as close to the ADC as possible.

* Fill void areas on signal layers with ground fill.

* Provide good ground return paths. Signal return currents flow on the path of least impedance. If the ground
plane is cut or has other traces that block the current from flowing right next to the signal trace, the return
current must find another path to return to the source and complete the circuit. If the return current is forced
into a larger path, the chance is increased that the signal will radiate. Sensitive signals are more susceptible
to EMI interference.

» Use bypass capacitors on power supplies to reduce high-frequency noise. Do not place vias between bypass
capacitors and the active device. Flow the supply current through the bypass capacitor pins first and then to
the ADC supply pins. Placing the bypass capacitors on the same layer close to the active device yields the
best results. If multiple ADCs are on the same PCB, use wide power-supply traces or dedicated power-supply
planes to minimize the potential of crosstalk between ADCs.

« Consider the resistance and inductance of the routing. Often, traces for the inputs have resistances that react
with the input bias current and cause an added error voltage. Reducing the loop area enclosed by the source
signal and the return current reduces the inductance in the path. Reducing the inductance reduces the EMI
pickup and the high-frequency impedance seen by the device.

» Watch for parasitic thermocouples in the layout. Dissimilar metals going from each analog input to the sensor
may create a parasitic thermocouple that can add an offset to the measurement. Match the differential inputs
for both inputs going to the measurement source.

* Analog inputs with differential connections must have a capacitor placed differentially across the inputs. The
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Layout Guidelines (continued)

differential capacitors must be high quality. The best ceramic chip capacitors are COG (NPO0), with both stable
properties and low noise characteristics.

* When REFN is tied to AGND, run the two traces separately as a star connection back to the AGND pin in
order to minimize coupling between the power-supply trace and reference-return trace.

e It is important that the clock inputs are free from noise and glitches. Even with relatively slow clock
frequencies, short digital-signal rise-and-fall times can cause excessive ringing and noise. For best
performance, keep the digital signal traces short, use termination resistors as needed, and make sure all
digital signals are routed directly above the ground plane with minimal use of vias.

11.2 Layout Example

Figure 131 is an example layout of the ADS127L01, input driver circuit, and reference driver circuit using four
PCB layers. In this example, the top and bottom layers are used for analog and digital signals. The first inner
layer is dedicated to the ground plane and the second inner layer is dedicated to the power supplies. The PCB is
partitioned with analog signals routed on the left, and digital signals routed on the right. Polygon pours are used
to provide low-impedance connections between the power supplies and the reference voltage for the ADC.
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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 TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.
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E2E is a trademark of Texas Instruments.
SPI is a trademark of Motorola, Inc.
All other trademarks are the property of their respective owners.
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12.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
ADS127L01IPBS Active Production TQFP (PBS) | 32 250 | JEDEC Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 127L01
TRAY (5+1)
ADS127L01IPBS.A Active Production TQFP (PBS) | 32 250 | JEDEC Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 127L01
TRAY (5+1)

ADS127L01IPBSR Active Production TQFP (PBS) | 32 1000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 127L01
ADS127L01IPBSR.A Active Production TQFP (PBS) | 32 1000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 127L01
ADS127L01IPBSRG4 Active Production TQFP (PBS) | 32 1000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 127L01

ADS127L01IPBSRG4.A Active Production TQFP (PBS) | 32 1000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 127L01

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents 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.
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In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
ADS127L01IPBSR TQFP PBS 32 1000 330.0 16.4 7.2 7.2 1.5 12.0 | 16.0 Q2
ADS127L01IPBSRG4 TQFP PBS 32 1000 330.0 16.4 7.2 7.2 15 12.0 | 16.0 Q2
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
ADS127L01IPBSR TQFP PBS 32 1000 350.0 350.0 43.0
ADS127L01IPBSRG4 TQFP PBS 32 1000 350.0 350.0 43.0
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TRAY
L - Outer tray length without tabs KO -
< > Outer
tray
+++++++F A+ A+ height
s N
++++++++++++++ +
| W -
1 e e e e e e i e e i e i o [ PO
— tra
[+ +++++++++++++ +[{0
++++++++++++++ 4+
> | |
{F+++++4F+++++++
{ ‘— [ i
|
P1 - Tray unit pocket pitch
CW - Measurement for tray edge (Y direction) to corner pocket center
— CL - Measurement for tray edge (X direction) to corner pocket center
Chamfer on Tray corner indicates Pin 1 orientation of packed units.
*All dimensions are nominal
Device Package | Package | Pins | SPQ |Unit array Max L (mm)] W KO P1 CL Ccw
Name Type matrix [temperature (mm) | (um) [ (mm) | (mm) [ (mm)
(69
ADS127L01IPBS PBS TQFP 32 250 10 X 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25
ADS127L01IPBS.A PBS TQFP 32 250 10 X 25 150 315 | 135.9| 7620 | 12.2 | 11.1 |11.25
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MECHANICAL DATA

PBS (S—-PQFP-G32) PLASTIC QUAD FLATPACK

3

—T R
i
3:14
O‘M
@

i

25 1T IWS
1T T 1
—— ———
- T
1T T 1
—— ———
O
Ly —— —T g
\ / //ﬁ:::::::i—\\\\\\\\\\\OAB NOM
1 8 l
le— 350 TP —») ,§3E§§§§ Plane
7,10
— b2 g —— »
6,90 ¢ 015

4087735/8 07,05

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
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LAND PATTERN DATA

PBS (S—PQFP—G32)

PLASTIC QUAD FLATPACK

Example Board Layout
(Note C)
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NOTES:

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Publication IPC-7351 is recommended for alternate designs.

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.

E.  Customers should contact their board fabrication site for recommended solder mask tolerances between and around
signal pads.
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