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AMC131M01 1-Channel, 64-kSPS, Simultaneous-Sampling, 24-Bit, Reinforced Isolated
Delta-Sigma ADC With Integrated DC/DC Converter

1 Features 3 Description
* Isolated AX ADC with differential input The AMC131MO01 is a precision, single-channel,
» Single-supply operation (3.3 V or 5 V) with data- and power-isolated, 24-bit, delta-sigma (A%),
integrated DC/DC converter analog-to-digital converter (ADC). The AMC131MO01
* Low EMI: Meets CISPR-11 and CISPR-25 offers wide dynamic range, low power, and energy-
standards measurement-specific features designed for energy
* Programmable data rate up to 64 kSPS metering and power metrology applications. The ADC
* Programmable gain up to 128 inputs can be directly interfaced to a resistor-divider
* Low-drift internal voltage reference network or a shunt current sensor because of the
» 4-wire SPI interface with cyclic redundancy check device high input impedance.
(CRC)

The AMC131MO01 features a fully integrated isolated

. ) ) DC/DC converter that allows single-supply operation

— 7070-Vpea reinforced isolation per DIN EN from the low-side of the device. The reinforced

IEC 60747'_17(VDE 0884'1,7) capacitive isolation barrier is certified according to

— 5000-Vrws isolation for 1 minute per UL1577  ypE 0884-17 and UL1577. This isolation barrier

* Package: 20-pin, wide-body SOIC . separates parts of the system that operate on different

* Operating temperature range: ~40°C to +125°C common-mode voltage levels and protects lower-

2 Applications voltage parts from damage, making the AMC131MO01

an excellent choice for polyphase energy metering
applications using shunt current sensors.

» Safety-related certifications:

* Electricity meters: Commercial and residential
» Circuit breakers

* EV charging stations Package Information
« Battery management systems PART NUMBER PACKAGE(" PACKAGE SIZE®)
AMC131M01 DFM (SOIC,20)  |12.8 mm x 10.3 mm

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

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.
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Typical Application of the AMC131M01 in Energy Metering
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5 Pin Configuration and Functions
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Figure 5-1. DFM Package, 20-Pin SOIC (Top View)

Table 5-1. Pin Functions

PIN
TYPE DESCRIPTION()
NO. NAME
1 DCDC_OuUT Supply High-side output of the DC/DC converter. Connect this pin to the HLDO_IN pin.(?
2 DCDC_HGND Supply ;E]_?Z-)Side ground reference for the DC/DC converter. Connect this pin to the HGND
3 HLDO_IN Supply ggggjtgg#g:-g)de low-dropout (LDO) regulator. Connect this pin to the
4 HLDO_OUT Supply Output of the high-side LDO.?)
5 HGND Supply High-side analog signal ground. Connect this pin to the DCDC_HGND pin.
6 GPO Digital output General-purpose output.
7 NC — No connect, leave unconnected.
8 NC — No connect, leave unconnected.
9 AINOP Analog input Positive analog input 0.
10 AINON Analog input Negative analog input 0.
1 SYNC/RESET Digital input Conversion synchronization or system reset; active low.
12 DOUT Digital output Serial data output.
13 DVDD Supply Low-side analog and digital power supply.(®
14 DCDC_CAP Supply Igzx;s_esllggli?étg? DC/DC converter, internally connected to the output of the
15 DGND Supply Low-side analog and digital ground.(®
16 DRDY Digital output Data ready; active low.
17 CLKIN Digital input Main clock input.
18 SCLK Digital input Serial data clock.
19 Cs Digital input Chip select; active low.
20 DIN Digital input Serial data input.

(1) See the Unused Inputs and Outputs section for details on how to connect unused pins.
(2) See the Power Supply Recommendations section for power-supply decoupling recommendations.
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6 Specifications
6.1 Absolute Maximum Ratings

see (1)
MIN MAX| UNIT
DVDD to DGND -0.3 6.5
Power-supply voltage Vv
DCDC_CAP to DGND -0.3 3.5
Analog input voltage AINXP, AINxN HGND - 1.6 HGND + 2.7 Vv
Digital input voltage CS, CLKIN, DIN, SCLK, SYNC/RESET DGND -0.3 DVDD + 0.3 Y
Input current Continuous, all pins except power-supply pins -10 10f mA
Junction, T, 150
Temperature °C
Storage, Tgtg -60 150

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

6.2 ESD Ratings

VALUE UNIT
o Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2000
V(esp) Electrostatic discharge - V
Charged device model (CDM), per ANSI/ESDA/JEDEC JS-002(2) +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.

6.3 Recommended Operating Conditions
over operating ambient temperature range (unless otherwise noted)

\ MIN NOM MAX| UNIT
POWER SUPPLY
Vovoo | Low-side power supply \ DVDD to GND \ 3 3.3 5.5\ Vv
ANALOG INPUTS
Gain=1,2,0r4 HGND - 1.3 HGND + 2.7
VA, | Apsolute input voltage (1) Y
VAINXN Gain = 8, 16, 32, 64, or 128 HGND - 1.3 HGND + 0.9
VIN Differential input voItage VIN = VAINXP - VAINXN _VREF / Gain VREF / Gain \Y
EXTERNAL CLOCK SOURCE
Npyv  |Clock divider ratio i‘ggﬁ:;;f;gg: is divided by Npyy to generate 2 12
¢ External clock frequency at | High-resolution mode 1.4-Npy 4.096 Npy  4.1-Npy MHz
CLKIN' | CLKIN pin Low-power mode 14 -Npy 2.048 Npy  2.05 - Npy
Duty cycle 40% 50% 60%
DIGITAL INPUTS
Input voltage DGND DVDD \Y
TEMPERATURE RANGE
Ta Operating ambient —40 125 °c
temperature

(1) The subscript "x" signifies the channel. For example, the positive analog input to channel 0 is named AINOP. See the Pin Configuration
and Functions section for the pin names.
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6.4 Thermal Information

DFM (SOIC)
THERMAL METRIC(") UNIT
20 PINS
Rgya Junction-to-ambient thermal resistance 68.5 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 24.6 °C/W
Ress Junction-to-board thermal resistance 53.7 °C/W
Yr Junction-to-top characterization parameter 171 °C/W
Y Junction-to-board characterization parameter 50.9 °C/W
Reuc(bot) 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 Insulation Specifications
over operating ambient temperature range (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS VALUE UNIT
GENERAL
CLR External clearance(!) Shortest pin-to-pin distance through air >8.0 mm
CPG External creepage!!) Shortest pin-to-pin distance across the package surface 28.0 mm
DTI Distance through insulation :\r/:isrlljiln;tliJg;internal gap (internal clearance) of the double >0.021 mm
CTI Comparative tracking index DIN EN 60112 (VDE 0303-11); IEC 60112 =600 \%
Material group According to IEC 60664-1 |
Overvoltage category Rated mains voltage < 600 Vrus -
per IEC 60664-1 Rated mains voltage < 1000 Vgus H]]
DIN EN IEC 60747-17 (VDE 0884-17)
Viorum I“Sﬂgggj;;mvgﬁgggge peak At AC voltage 1700 Vpk
Viow Maxi_mum-rated isolation At AC voltage (sine wave) 1200 VRrvs
working voltage(® At DC voltage 1700 Vbc
Viorm Maximum transient VresT i Viotm, t =60 s_(qualification test), _ 7070 Vex
isolation voltage V1esT = 1.2 X Viorm, t = 15 (100% production test)
Vivp Maximum impulse voltage® | Tested in air, 1.2/50-us waveform per IEC 62368-1 7700 Vpk
Viosu Maximum surge Tested in oil (qualification test), 10000 Vex
isolation voltage () 1.2/50-us waveform per IEC 62368-1
Method a, after input/output safety test subgroups 2 and 3, <5
Vpd(ini) = Viotm, tini = 608, Vpgm) = 1.2 * Viorm, tm = 10's
Method a, after environmental tests subgroup 1, <5
%o Apparent charge®) Vod(ni) = Viotm tini = 69 S Ypd(m) =1.6 x Viorwm, tm. =10s oC
Method b1, at preconditioning (type test) and routine test, <5
Vod(ini) = 1.2 X Vigtwm, tini = 18, Vpdm) = 1.875 X Viorm, tm =15
Method b2, at routine test (100% production)(”), <5
Vod(ni) = Vpdm) = 1.2 X Viotm, tini = tmn =1
Cio ﬁ?ﬁﬁ;cﬂzﬁlﬁyce’ Vio = 0.5 Vpp at 1 MHz ~4.5 pF
Vio =500V at Ty =25°C > 1012
Ro ::;Eltattcl)ogurtz?ts(é?nce Vio = 500 V at 100°C < T < 125°C > 10 Q
Vio =500V at Tg = 150°C >10°
Pollution degree 2
Climatic category 40/125/21
UL1577
Viso Withstand isolation voltage x;gz N Y_'gox' ix.zsg?ff‘?“sa'(ifggffgffiﬂ)éﬁon tost) 5000 VRus

(1)

@)

@)
(4)
(®)
(6)
@)

Apply creepage and clearance requirements according to the specific equipment isolation standards of an application. Care must be
taken to maintain the creepage and clearance distance of a board design to ensure that the mounting pads of the isolator on the
printed circuit board (PCB) do not reduce this distance. Creepage and clearance on a PCB become equal in certain cases. Techniques
such as inserting grooves, ribs, or both on a PCB are used to help increase these specifications.

This device is suitable for safe electrical insulation only within the safety ratings. Compliance with the safety ratings shall be ensured
by means of suitable protective circuits.

Testing is carried out in air to determine the surge immunity of the package.

Testing is carried in oil to determine the intrinsic surge immunity of the isolation barrier.

Apparent charge is electrical discharge caused by a partial discharge (pd).

All pins on each side of the barrier are tied together, creating a two-pin device.

Either method b1 or b2 is used in production.
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6.6 Safety-Related Certifications

VDE

UL

DIN EN IEC 60747-17 (VDE 0884-17),

EN IEC 60747-17,

DIN EN IEC 62368-1 (VDE 0868-1),

EN IEC 62368-1,

IEC 62368-1 Clause : 5.4.3;5.4.4.4;5.4.9

Recognized under 1577 component recognition and
CSA component acceptance NO 5 programs.

Reinforced insulation

Single protection

Certificate number: Pending

File number: E181974

6.7 Safety Limiting Values

Safety limiting (') intends to minimize potential damage to the isolation barrier upon failure of input or output circuitry. A

failure ofthe 1/0 can allow low resistance to ground or the supply and, without current limiting, dissipate sufficient power to
overheatthe die and damage the isolation barrier potentially leading to secondary system failures.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Reya = 73.5°C/W, DVDD =55V, 309
) T,=150°C, Tp =25°C
Is Safety input, output, or supply current mA
Regya = 73.5°C/W, DVDD = 3.3 V, 472
T,=150°C, Tp =25°C
Ps Safety input, output, or total power Rgya = 73.5°C/W, T; = 150°C, Tp = 25°C 1700 mW
Ts Maximum safety temperature 150 °C

(1) The maximum safety temperature, Tg, has the same value as the maximum junction temperature, T, specified for the device. The Ig
and Pg parameters represent the safety current and safety power, respectively. Do not exceed the maximum limits of Is and Ps. These

limits vary with the ambient temperature, Ta.

The junction-to-air thermal resistance, Rgyp is that of a device installed on a high-K test board for leaded surface-mount packages. Use
these equations to calculate the value for each parameter:

T, =Ta + Rgya x P, where P is the power dissipated in the device.

Tymax) = Ts = Ta + Rgya % Ps, where T jmay) is the maximum junction temperature.
Ps = Ig X VDDyax, Where VDD o4 is the maximum low-side voltage.
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6.8 Electrical Characteristics

minimum and maximum specifications apply from T = —40°C to +125°C and DVDD = 3.0 V to 5.5V; typical specifications
are at Tp = 25°C, and DVDD = 3.3 V; all specifications are at fc kv = 8.192 MHz, data rate = 4 kSPS, high-resolution mode,
global-chop mode disabled, and gain = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ANALOG INPUTS
AINxP = AINxN = HGND;
IlB = (IlBF’ + IIBN) / 2, Gain = 1, 2, or4d 0.65 0.9
lig Input bias current uA
AINXP = AINxN = HGND; 1.0 ~0.65
IlB = (IlBP + IIBN) / 2, Gain = 8 to 128 ’ ’
TCljg Input bias current drift -1 +0.35 1@ nAIPC
lio Input offset current lio =lisp = liBNn +15 nA
R Single-ended input AINxN = HGND, gain =1, 2, or 4 250 kQ
N impedance AINXN = HGND, gain = 8 to 128 0.5 MQ
(AINXN + AINxP) / 2 = HGND,
Gain=1,2,0r4 275 kQ
ZiND Differential input impedance
(AINxN + AINxP) / 2 = HGND, 1 MO
Gain =8 to 128
ADC CHARACTERISTICS
Resolution 24 Bits
Gain settings 1,2,4,8,16, 32,64, 128
zlgh-iegolutlon mode, fo kin = 8.192 MHz, 250 64k
foaTA Data rate el SPS
Low-power mode, fo kn = 4.096 MHz,
C 125 32k
Np =2
i 0,
SPI start-up time Measured from supplies at 90% to SPI 0.3 ms
interface ready to accept data
Measured from DCDC enable bit set to first
Converter start-up time DRDY falling edge with data settled to 0.1% 1.0 ms
(CLKIN running)
ADC PERFORMANCE
INL Integral nonlinearity End-point fit 6 ppm of
FSR
External short, T = 25°C -100 +100 330
Eo Offset error (input referred) Global-chop mode, uv
default global-chop delay, external short, -100 6 100
Ta=25°C
; External short -05 +0.1 050
TCEo Offset error drift vs uvIeC
temperature Global-chop mode, external short -0.3 +0.1 0.3®
Eg Gain error Ta = 25°C, end-point fit -0.2 +0.025 0.2 %
TCEg Gain error drift vs Including internal reference error 8 25 )| ppm/°C
temperature
- fin =0 Hz, Vommin = VIN £ Vom max 110
Common-mode rejection
CMRR | "t fiy = 50 Hz or 60 Hz, 10 dB
Vem min < ViN S Ve maxs Vaine = VAINN
En Input-referred noise 10 MVRMS
Gain=1 98
dB
DR Dynamic range Gain = 32 80
All other gain settings See Table 7-2
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6.8 Electrical Characteristics (continued)

minimum and maximum specifications apply from Tp = —40°C to +125°C and DVDD = 3.0 V to 5.5V, typical specifications
are at Ty = 25°C, and DVDD = 3.3 V; all specifications are at fo_ kny = 8.192 MHz, data rate = 4 kSPS, high-resolution mode,
global-chop mode disabled, and gain = 1 (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
fin = 50 Hz or 60 Hz, gain = 1, 98
) . . Viy = —0.5 dBFS, normalized
SNR Signal-to-noise ratio - dB
fin = 50 Hz or 60 Hz, gain = 32, 80
V|y =-0.5 dBFS, normalized
L . fin = 50 Hz or 60 Hz (up to 5 harmonics), _ o4 3)
THD Total harmonic distortion Vi = 0.5 dBFS 102 94 dB
Spurious-free dynamic fin = 50 Hz or 60 Hz,
SFDR range Vin = -0.5 dBFS 105 dB
CMTI _Commpn-mode transient 100 150 Vins
immunity
INTERNAL VOLTAGE REFERENCE
VREr Internal reference voltage 1.2 \%
DIGITAL INPUTS/OUTPUTS
Vi Logic input level, low DGND 0.2 DvDD \
\im Logic input level, high 0.8 DVDD DVDD \Y
VoL Logic output level, low loL =-1mA 0.2 DVDD V
Vou Logic output level, high loy=1mA 0.8 DVDD Vv
Iin Input current DGND < Vpjgital Input < DVDD -1 1 uA
Cin Input capacitance pF
CLoap |Output load capacitance 15 30 pF
HIGH-SIDE DIGITAL OUTPUT
High-side GPO output Driving 0 100
RePo  |imped — Q
Impedance Driving 1 115
lepo High-side GPO load current 1 mA
POWER SUPPLY
High-resolution mode 17 22
mA
Iovod Low-side supply current(!) Low-power mode 5 19
Standby modg, 160 210 uA
no clock applied
High-resolution mode 56
— mwW
Py Power dissipation Low-power mode, fo kN = 4.096 MHz 49
Standby mode,
no clock applied 525 W
Voepe_o | pe/pe output voltage DCDC_OUT to HGND, Ty = 25°C 3.0 \Y;
utT
) ) HLDO_OUT to HGND, no external load 2.6 29 3.2
VhLpoo o | High-side LDO output
ur _ |voltage HLDO_OUT to HGND, 1-mA external load 24 28 31 v
on HLDO_OUT ' ’ '
I High-side supply current for |, . ¢ ;nnected from HLDO_OUT to HGND 11 mA
auxiliary circuitry

(1)  Currents measured with SPI idle.

(2) Specified by design and characterization, not production tested.
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6.9 Timing Requirements
over operating ambient temperature range, DOUT load: 20 pF || 100 kQ (unless otherwise noted)

\ MIN MAX| UNIT
3.0v<s<DVDD<55V
twcLy | Pulse duration, CLKIN low 49 ns
twcLr) | Pulse duration, CLKIN high 49 ns
tesc) SCLK period 40 ns
twscr) |Pulse duration, SCLK low 20 ns
twsch) |Pulse duration, SCLK high 20 ns
tacssc) |Delay time, first SCLK rising edge after CS falling edge 16 ns
tysccs) |Delay time, CS rising edge after final SCLK falling edge 10 ns
twcsH) | Pulse duration, CS high 15 ns
tsu(l) Setup time, DIN valid before SCLK falling egde 5 ns
thol) Hold time, DIN valid after SCLK falling edge 8 ns
twsyL) |Pulse duration, SYNC/RESET low for synchronization 1 2047 | toikin
twrsy) |Pulse duration, SYNC/RESET low to generate device reset 2048 teLkiN
tsysy) | Setup time, SYNC/RESET valid before CLKIN falling edge 10 ns

6.10 Switching Characteristics

over operating ambient temperature range, DOUT load: 20 pF || 100 kQ (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT

3.0VvsDVDD=<55V
t Propagat.ion delay time, CS falling edge to 50 ns
P(CSDO) | DOUT driven
¢ Prqgapation delay time, SCLK rising edge to 20 ns
P(SCDO) | valid new DOUT
t P.rop:agation delay time, CS rising edge to DOUT 75 ns
P(CSDOZ) | high impedance
tworH) | Pulse duration, DRDY high 4 teLKIN
tworL) | Pulse duration, DRDY low 4 teLkiN
tPor Power-on-reset time g/loef)zsured from supplies at 250 us

SPI timeout 32768 toLkIN
trecaca | Register default acquisition time 5 us
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6.11 Timing Diagrams

tw(CLH)_" ‘4— —" "_tw(CLL)

—»| | tyory

DRDY

[ tworn

CLKIN

cs u
—» <—td(cssc)_>‘ _T‘_ ; (Ec_th(SCL) teso) ‘ tT(SCCS) tw(csH)
‘ u |—|
SCLK l_ -l

_" ’<_ tsuto —>‘ F— thon)
DN X X X, X —
<— tocspo) toiscooy ™ k_ twcspoz—> F—
pouT ——— _A__MSB__ X MSB-1 X:R X LsB+1 X LSB »—

SPI settings are CPOL = 0 and CPHA = 1. CS transitions must take place when SCLK is low.

Figure 6-1. SPI Timing Diagram

cwn LT L L LT

f— tsusy)

[— twsyy — fe— tumsy —™

H

SYNC/RESET

Figure 6-2. SYNC/RESET Timing Requirements

Supplies  / ~ "~ "%%

tror |

DRDY |

Figure 6-3. Power-On-Reset Timing
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6.12 Typical Characteristics

at Tp = 25°C, DVDD = 3.3V, fo ki = 8.192 MHz, data rate = 4 kSPS (OSR = 1024 and clock divider Npy = 2), high-
resolution mode, ADC enabled, global-chop mode disabled, and gain = 1 (unless otherwise noted)

Temperature (°C)

Figure 6-6. Input Impedance vs Temperature
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0.5 [~
LP Mode I
0 0.2
1 2 4 8 16 32 64 128 2 3 4 5 6 7 8 9
Gain (VIV) CLKIN Frequency (MHz)
Figure 6-4. Input Impedance vs Gain Figure 6-5. Input Impedance vs CLKIN Frequency
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Figure 6-7. Input Current vs Differential Input Voltage
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Figure 6-8. Offset Error vs Gain
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Figure 6-9. Offset Error vs Temperature
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6.12 Typical Characteristics (continued)

at Tp = 25°C, DVDD = 3.3V, fo ki = 8.192 MHz, data rate = 4 kSPS (OSR = 1024 and clock divider Np,y = 2), high-
resolution mode, ADC enabled, global-chop mode disabled, and gain = 1 (unless otherwise noted)

120
100
80
__ 60
g
g 40
§ 20
i :
£ 0
©
O]
-20
-40 H9
-60
-80
0 200 400 600 800 1000
Time (hours)
30 units, 85°C 30 units, 85°C
Figure 6-10. Offset Error vs Time Figure 6-11. Gain Error vs Time
0.20 0.20
0.15 0.15
_. 0.10 . 0.10
S S
g 0.05 ; 0.0 L~
£ o = 0.05
w w
= c / R
© @©
© 0.00 \\/ © 0.00 —
-0.05 -0.05 N
-0.10 -0.10
1 2 4 8 16 32 64 128 40 20 0 20 40 60 80 100 120 140
Gain (VV) Temperature (°C)
Figure 6-12. Gain Error vs Gain Figure 6-13. Gain Error vs Temperature
120 120
115
110
. __ 10
o o
S 100 == S
- \\ 5 105
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c [ — c —
T — (o]
r 90 ~ 100 =
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[a] [a] /
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. /
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60 80
1 2 4 8 16 32 64 128 64 128 256 512 1024 2048 4096 8192 16384
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Figure 6-14. Dynamic Range vs Gain Figure 6-15. Dynamic Range vs OSR
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6.12 Typical Characteristics (continued)

at Tp = 25°C, DVDD = 3.3V, fo ki = 8.192 MHz, data rate = 4 kSPS (OSR = 1024 and clock divider Np,y = 2), high-
resolution mode, ADC enabled, global-chop mode disabled, and gain = 1 (unless otherwise noted)

0 1000
20
_ ]
2 -60 P
T >
2 3 /-\_/\/
3 s0 =
N
& -100 a
|4 8
-120 S
N——] Ll
-140
-160 100
1 10 100 1000 1 10 100 1000 10000
Frequency (Hz) Frequency (kHz)
Averaged FFT, frequency bin width equals 1 Hz Averaged FFT, frequency bin width equals 1 Hz
Figure 6-16. Frequency Spectrum With 50-Hz Input Signal Figure 6-17. Noise Spectral Density vs Frequency
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Figure 6-18. DVDD Current vs CLKIN Frequency Figure 6-19. DVDD Current vs Temperature
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Figure 6-20. HLDO Output Voltage vs Temperature Figure 6-21. HLDO Output Voltage vs Load Current
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7 Parameter Measurement Information
7.1 Noise Measurements

Adjust the data rate and gain to optimize the AMC131MO01 noise performance. When averaging is increased by
reducing the data rate, noise drops correspondingly. Table 7-1 summarizes the AMC131M01 noise performance
using the 1.2-V internal reference and a 3.3-V power supply at the DVDD pin. Data are representative of typical
noise performance at Tp = 25°C when fo kN = 8.192 MHz. The clock divider is configured to the default setting
(that is, the CLK_SEL[1:0] bits in the CLOCK register are set to 00b), thus the modulator clock frequency (fyiop)
is equal to fo kn / 2. The data shown are typical input-referred noise results with the analog inputs shorted
together and taking an average of multiple readings. A minimum 1 second of consecutive readings are used to
calculate the RMS noise for each reading. Table 7-2 lists the dynamic range, and Table 7-3 lists the effective
resolution calculated from the noise data. Equation 1 calculates dynamic range. Equation 2 calculates effective
resolution. In each case, Vggr corresponds to the internal 1.2-V reference. In global-chop mode, noise improves
by a factor of V2.

Noise performance scales with the OSR and gain settings, but is independent from the configured power mode.
Thus, the device exhibits the same noise performance in different power modes when selecting the same OSR
and gain settings. However, the data rate at the OSR settings scales based on the applied clock frequency for
the different power modes.

Dynamic Range = 20 x Iog( Vrer }

\/EXGainXVRMS (1)
Effective Resolution = log, {M¢j
Gainx Vgys @)
Table 7-1. Noise (UVgrums) at Ta = 25°C
e DATA RATE (kSPS), GAIN
feLkin = 8.192 MHz 1 2 4 8 16 32 64 128
16384 0.25 3.92 2.15 1.69 0.97 0.84 0.47 0.57 0.51
8192 0.5 4.55 3.16 2.91 2.23 1.67 1.55 1.07 0.92
4096 1 6.35 3.85 3.17 243 1.76 1.56 153 1.67
2048 2 7.55 4.92 3.92 2.94 2.46 1.68 1.56 1.85
1024 4 8.43 6.06 5.04 4.03 3.39 1.75 2.03 2.86
512 8 12.26 9.21 7.60 6.34 5.15 422 463 436
256 16 17.45 11.88 10.51 8.39 7.10 6.35 5.58 475
128 32 26.24 17.20 14.68 10.44 7.75 7.72 8.35 7.87
64 64 77.32 421 28.44 16.83 10.89 9.94 9.06 8.99
Table 7-2. Dynamic Range (dB) at T = 25°C
G DATA RATE (kSPS), GAIN
feLkin = 8.192 MHz 1 2 4 8 16 32 64 128
16384 0.25 107 106 102 101 926 95 87 82
8192 0.5 105 103 97 94 20 85 82 77
4096 1 103 101 97 93 20 85 79 72
2048 2 101 99 95 91 87 84 79 71
1024 4 100 97 92 88 84 84 76 67
512 8 97 93 89 84 80 76 69 64
256 16 94 91 86 82 77 72 68 63
128 32 90 88 83 80 77 71 64 59
64 64 81 80 77 76 74 69 63 57
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Table 7-3. Effective Resolution (Bits) at Ty = 25°C

—_ DATA RATE (kSPS), GAIN
feLkin = 8.192 MHz 1 2 4 8 16 32 64 128
16384 0.25 19.2 19.1 18.4 18.2 17.4 17.3 16.0 15.2
8192 0.5 19.0 18.5 17.7 17.0 16.5 15.6 15.1 14.3
4096 1 18.5 18.2 17.5 16.9 16.4 15.5 14.6 13.5
2048 2 18.3 17.9 17.2 16.6 15.9 15.4 14.6 13.3
1024 4 18.1 17.6 16.9 16.2 15.4 15.4 14.2 12.7
512 8 17.6 17.0 16.3 15.5 14.8 141 13.0 121
256 16 171 16.6 15.8 15.1 14.4 13.5 12.7 11.9
128 32 16.5 16.1 15.3 14.8 14.2 13.2 121 1.2
64 64 14.9 14.8 14.4 14.1 13.7 12.9 12.0 11.0
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8 Detailed Description
8.1 Overview

The AMC131MO01 is an isolated, low-power, single-channel, 24-bit, delta-sigma (AZ) analog-to-digital converter
(ADC) with a low-drift internal voltage reference and an integrated DC/DC converter that allows the device to
be supplied from a single 3.3-V or 5-V voltage supply source on the primary (low) side. The dynamic range,
size, feature set, and power consumption are optimized for cost-sensitive applications requiring simultaneous
sampling.

The silicon-dioxide (SiO,)-based capacitive isolation barrier supports a high level of magnetic field immunity, as
described in the ISO72x Digital Isolator Magnetic-Field Immunity application note.

An integrated negative charge pump allows absolute input voltages as low as 1.3 V below HGND, which
enables measurements of input signals varying around ground with a single-ended power supply. The device
features a programmable gain amplifier (PGA) with gains up to 128. An integrated input precharge buffer
enabled at gains greater than 4 provides high input impedance at high PGA gain settings. The ADC receives the
reference voltage from an integrated 1.2-V reference. The device allows differential input voltages as large as
the reference. Two power-scaling modes allow designers to trade power consumption for ADC dynamic range.

The AMC131MO01 contains a digital decimation filter that demodulates the output of the A% modulator. The filter
enables data rates as high as 64 kSPS in high-resolution mode. Offset and gain calibration registers can be
programmed to automatically adjust output samples for measured offset and gain errors. The Functional Block
Diagram provides a detailed diagram of the AMC131MO01.

The device communicates via a serial programming interface (SPI)-compatible interface. Several SPI commands
and internal registers control the operation of the AMC131MO01. Other devices can be added to the same SPI
bus by adding discrete CS control lines. The SYNC/RESET pin can synchronize conversions between multiple
AMC131MO01 devices and maintains synchronization with external events.

8.2 Functional Block Diagram

Low side supply
(3.0Vto5.5V)

Ferrite DCDC_OUTl . VDD
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8.3 Feature Description
8.3.1 Isolated DC/DC Converter

The AMC131MO01 offers a fully integrated isolated DC/DC converter stage that includes the following
components, as illustrated in the Functional Block Diagram:

* Low-dropout regulator (LDO) on the primary side to stabilize the supply voltage that drives the primary side of
the converter

* Primary full-bridge inverter and drivers

* Laminate-based, air-core transformer for high immunity to magnetic fields

« Secondary full-bridge rectifier

» Secondary LDO to stabilize the output voltage of the DC/DC converter for high analog performance of the
signal path

The DC/DC converter uses a spread-spectrum clock generation technique to reduce the spectral density of
the electromagnetic radiation. The resonator frequency is synchronous to the operation of the AZ modulator to
minimize interference with data transmission and support the high analog performance of the device.

8.3.1.1 DC/DC Converter Failure Detection

A failure in the DC/DC converter is indicated by reading a logic high of the SEC_FAIL bit in the STATUS
register. This bit is a latched bit. If any failure of the internal DC/DC converter occurs during device operation,
but the DC/DC converter recovers from the failure and operates normally after this instance, the SEC_FAIL bit
remains in a logic high state until the STATUS register is read. Reading the status register clears the SEC_FAIL
bit. As described in the Start-Up Behavior After Power-Up section, use two consecutive STATUS register read
commands to verify correct operation of the DC/DC converter at a given point in time (for example, at device
power-up).

8.3.2 High-Side Current Drive Capability

The architecture of the DC/DC converter is optimized to drive the high-side circuitry of the AMC131MO01
and can source up to Iy of additional DC current for external circuitry (such as an active filter, preamplifier,
or comparator). Use the HLDO_OUT pin as a power supply for this external circuit. Because of the output
impedance at the HLDO_OUT pin, the voltage at HLDO_OUT depends on the magnitude of the drive current
and the selected power mode. For operation across all temperatures and power modes, components for the
external circuits must operate at a low supply voltage (such as 2.7 V). See the Clocking and Power Modes
section for details on the available power modes.

8.3.3 Isolation Channel Signal Transmission

The AMC131MO01 uses an on-off keying (OOK) modulation scheme to transmit the modulator output bitstream
across the capacitive SiO,-based isolation barrier. After transmission across the isolation barrier, the modulator
output bitstream is decimated using the sinc filter to reconstruct the ADC conversion data, and is then
transferred to the digital control so that the data are accessible through the SPI interface. Figure 8-1 depicts
the block diagram of an isolation channel. The transmitter modulates the bitstream at TX IN with an internally
generated, 480-MHz carrier and sends a burst across the isolation barrier to represent a digital one and
sends a no signal to represent the digital zero. The receiver demodulates the signal after advanced signal
conditioning and produces the output. The symmetrical design of each isolation channel improves the common-
mode transient immunity (CMTI) performance and reduces the radiated emissions caused by the high-frequency
carrier.

18 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: AMC131MO01


https://www.ti.com/product/AMC131M01
https://www.ti.com/lit/pdf/SBASA57
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBASA57&partnum=AMC131M01
https://www.ti.com/product/amc131m01?qgpn=amc131m01

13 TEXAS
INSTRUMENTS AMC131M01
www.ti.com SBASA57 — SEPTEMBER 2023

Transmitter Receiver

OOK

Modulation
TXIN _‘|> TX Signal
Conditioning

SiO,-Based
Capacitive
Reinforced

Isolation
Barrier

RX Signal Envelope > |
Conditioning Detection RXOUT

Oscillator

I B B
R et SRS

Figure 8-1. Block Diagram of an Isolation Channel

Figure 8-2 shows the concept of the on-off keying scheme.

TXIN
Carrier Signal Across
the Isolation Barrier
RX OUT |

Figure 8-2. OOK-Based Modulation Scheme

8.3.4 Input ESD Protection Circuitry

Basic electrostatic discharge (ESD) circuitry protects the AMC131M01 inputs from ESD and overvoltage events
in conjunction with external circuits and assemblies. Figure 8-3 shows a simplified representation of the ESD
circuit. The protection for input voltages exceeding Vi po out can be modeled as a simple diode.

HLDO_OUT

AINnP

To analog inputs

AINNN

HLDO_OUT

Figure 8-3. Input ESD Protection Circuitry

The AMC131MO01 has an integrated negative charge pump that allows for input voltages below HGND with a
unipolar supply. Consequently, shunt diodes between the inputs and HGND cannot be used to clamp excessive
negative input voltages. Instead, the same diode that clamps overvoltage also clamps undervoltage at the
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reverse breakdown voltage. Take care to prevent input voltages or currents from exceeding the limits provided in
the Absolute Maximum Ratings table.

8.3.5 Input Multiplexer

The AMC131MO01 has a dedicated input multiplexer. The multiplexer controls which signals are routed to the
ADC. Configure the input multiplexer using the MUXO0[1:0] bits in the CHO_CFG register. The input multiplexer
allows the following inputs to be connected to the ADC:

* The analog input pins

* HGND, which is used for offset calibration

» Positive DC test signal

* Negative DC test signal

See the Internal Test Signals section for more information about the test signals. Figure 8-4 shows a diagram of
the input multiplexer on the AMC131MO01.

MUXO0[1:0] = 00
_ . . To Positive
AINOP O O— O " PGA Input
MUXO0[1:0] = 01 MUXO0[1:0] = 10

T
+ [ N N
| |
HGND DC Test | \\iuxopt:0] = 11 |
Signal | |
|

P
MUX0[1:0] = 01 g\ MUX0[1:0] = 10
? ? . To Negative

AINON © O—O—e ¢ ” PGA Input
MUX0[1:0] = 00

Figure 8-4. Input Multiplexer

8.3.6 Programmable Gain Amplifier (PGA)

The AMC131MO01 features an integrated programmable gain amplifier (PGA) that provides gains of 1, 2, 4, 8, 16,
32, 64, and 128. The gain is controlled by the PGAGAINOQ[2:0] bits in the GAIN register.

Changing the PGA gain scales the differential full-scale input voltage range (FSR) of the ADC. Equation 3
describes the relationship between FSR and gain. Equation 3 uses the internal reference voltage, 1.2 V, as the
scaling factor without accounting for gain error caused by tolerance in the reference voltage.

FSR = 1.2 V/ Gain 3)

Table 8-1 shows the corresponding full-scale ranges for each gain setting.
Table 8-1. Full-Scale Range

GAIN SETTING FSR
1 1.2V
2 +600 mV
4 +300 mV
8 +150 mV
16 75 mV
32 +37.5 mV
64 +18.75 mV
128 +9.375 mV

The input impedance of the PGA dominates the input impedance characteristics of the AMC131M01. The
PGA input impedance for gain settings up to 4 behaves according to Equation 4 without accounting for
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device tolerance and change over temperature. Minimize the output impedance of the circuit that drives the
AMC131MO01 inputs to obtain the best possible gain error, INL, and distortion performance.

275 kQ % 4.096 MHz / fyop (4)

where:
*  fywop is the AX modulator frequency, fokin / Npiv
By default, Npjy = 2. Npyy is set by the programmable clock divider, see the Clocking and Power Modes section.

The device uses an input precharge buffer for PGA gain settings of 8 and higher. The input impedance at these
gain settings is very high. Specifying the input bias current for these gain settings is therefore more useful.

8.3.7 Voltage Reference

The AMC131MO01 uses an internally generated, low-drift, band-gap voltage to supply the reference for the ADC.
The reference has a nominal voltage of 1.2 V, allowing the differential input voltage to swing from -1.2Vto 1.2 V.
The reference circuitry starts up very quickly to accommodate the fast start-up feature of this device. The device
waits until the reference circuitry is fully settled before generating conversion data.

8.3.8 Internal Test Signals

The AMC131MO01 features an internal analog test signal that is useful for troubleshooting and diagnosis. A
positive or negative DC test signal can be applied to the channel inputs through the input multiplexer. The
multiplexer is controlled through the MUXO0[1:0] bits in the CHO_CFG register. The test signals are created by
internally dividing the reference voltage.

The test signal is nominally 2 / 15 x Vggge. The test signal automatically adjusts the voltage level with the gain
setting such that the ADC always measures a signal that is 2 / 15 x Vpiir max- FOr €xample, at a gain of 1, this
voltage equates to 160 mV. At a gain of 2, this voltage is 80 mV.
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8.3.9 Clocking and Power Modes

An LVCMOS clock must be provided at the CLKIN pin continuously when the AMC131MO01 is running in normal
operation. The frequency of the clock can be scaled in conjunction with the power mode to provide a tradeoff
between power consumption and dynamic range.

The PWRJ[1:0] bits in the CLOCK register allow the device to be configured in one of two power modes:
high-resolution (HR) or low-power (LP) mode. Changing the PWRJ[1:0] bits scales the internal bias currents
to achieve the expected power levels. The external clock frequency must follow the guidance provided in the
Recommended Operating Conditions table corresponding to the intended power mode for the device to perform
according to the specification.

The main clock must be externally provided at the CLKIN pin. As shown in Figure 8-5, a user-programmable
clock divider divides the main clock to derive the internal modulator clock (MOD_CLK). By default, the main
clock provided at the CLKIN pin is divided by Npy = 2 to generate a 50% duty cycle internal modulator clock. As
listed in Table 8-2, the divider ratio Np;y can be changed to values of 4, 8, and 12 using the CLK_DIV[1:0] bits in
the CLOCK register.

CLK_DIV[1:0]

CLKIN — = by Now
(2,4,80r12)

MOD_CLK

feLkn fuop

AY ADC

Figure 8-5. Programmable Clock Divider Block Diagram

Table 8-2. Modulator Clock Divider Selection

CLK_DIV[1:0] Npi FOR MOD_CLK
00b 2
01b 4
10b 8
11b 12

The clock frequency range of the internal DC/DC converter must be synchronized with the modulator clock
to minimize interference. To optimize the DC/DC converter internal clock, the actual frequency value of the
modulator clock must be written to the DCDC_CTRL register immediately after device power-up. The modulator
clock frequency is a result of the frequency provided at the CLKIN pin and the selected divider ratio (for example,
if a 4-MHz clock frequency is provided at the CLKIN pin, and the divider ratio is set to 4, then the frequency of
the modulator clock MOD_CLK is 1 MHz). The correct modulator clock frequency value must be configured in
the DCDC_CTRL register, as given in Table 8-3, by writing to the DCDC_FREQ[3:0] register bits immediately
after start-up.

An example calculation is:

* Main clock: fo kin = 8.192 MHz

» Divider ratio: Npjy= 4

* Resulting modulator clock: fo kin / Npyy = 2.048 MHz

* Modulator clock frequency is within the range: 1.926 MHz to 2.051 MHz; see Table 8-3
* Required DCDC_FREQ[3:0] bit setting: 1000b; see Table 8-3
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Table 8-3. Modulator Clock Frequency Range
Selection for DC/DC Synchronization

M&%%';g?&‘:mg;( DCDC_FREQ[3:0] BIT SETTING
3.768 MHz to 4.100 MHz 0000b
3.366 MHz to 3.768 MHz 0001b
3.041 MHz to 3.366 MHz 0010b
2.773 MHz 0 3.041 MHz 0011b
2.549 MHz t0 2.773 MHz 0100b
2.358 MHz to 2.549 MHz 0101b
2.194 MHz to 2.358 MHz 01106
2.051 MHz to 2.194 MHz 0111b
1.926 MHz to 2.051 MHz 1000b
1.815 MHz to 1.926 MHz 1001b
1716 MHz to 1.815 MHz 10106
1,627 MHz to 1.716 MHz 1011b
1,547 MHz to 1.627 MHz 11000
1.475 MHz to 1.547 MHz 1101b
1.409 MHz to 1.475 MHz 11100
1.400 MHz to 1.409 MHz 111b

8.3.10 AZ Modulator

The AMC131MO01 uses a delta-sigma (AX) modulator to convert the analog input voltage to a one's density
modulated digital bitstream. The A% modulator oversamples the input voltage at a frequency many times greater
than the output data rate. The modulator frequency, fyop, of the AMC131MO01 is derived from the main clock
frequency (provided at the CLKIN pin) with the user-programmable clock divider; see the Clocking and Power
Modes section.

The output of the modulator is fed back to the modulator input through a digital-to-analog converter (DAC) as a
means of error correction. This feedback mechanism shapes the modulator quantization noise in the frequency
domain to make the noise more dense at higher frequencies and less dense in the band of interest. The digital
decimation filter following the AY¥ modulator significantly attenuates the out-of-band modulator quantization
noise, allowing the device to provide excellent dynamic range.

8.3.11 Digital Filter

The AX modulator bitstream feeds into a digital filter. The digital filter is a linear-phase, finite impulse response
(FIR), low-pass, sinc-type filter that attenuates the out-of-band quantization noise of the AXZ modulator. The
digital filter demodulates the output of the AZ modulator by averaging. The data passing through the filter are
decimated and downsampled to reduce the rate at which data come out of the modulator (fyop) to the output
data rate (fpata). The decimation factor is defined as per Equation 5 and is called the oversampling ratio (OSR).

OS8R = fyop / fpaTa ()

The OSR is configurable and set by the OSR[2:0] bits in the CLOCK register. By setting the OSR[2:0] bits,
the OSR can be configured in values ranging from 128 to 16384 in binary steps. In addition, the OSR can be
configured to a value of 64 by setting the TURBO bit in the CLOCK register (turbo mode). Therefore in total,
there are nine OSR settings in the AMC131MO01, allowing nine different data rate settings for any given main
clock frequency. Table 8-4 lists the OSR settings and the corresponding output data rates for the nominal CLKIN
frequencies mentioned, assuming the programmable clock divider is set to Npyy = 2.

The OSR determines the amount of averaging of the modulator output in the digital filter and, therefore, also
the filter bandwidth. The filter bandwidth directly affects the noise performance of the ADC because lower
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bandwidth results in lower noise, whereas higher bandwidth results in higher noise. See Table 7-1 for the noise
specifications for various OSR settings.

The device must be in standby mode when changing the OSR. Setting the OSR[2:0] bits to a new value while
the ADC is generating conversion data can result in unexpected behavior of the ADC output.

Table 8-4. OSR Settings and Data Rates for Nominal Main Clock Frequencies

POWER MODE NOM'ERAI'E'Q“’L'QL‘&LOCK fatof) OSR OUTPUT DATA RATE
64 64 kSPS
128 32 kSPS
256 16 kSPS
512 8 kSPS
High'(rﬁ;")'““m 8.192 MHz 4.096 MHz 1024 4 kSPS
2048 2 kSPS
4096 1KSPS
8192 500 SPS
16384 250 SPS
64 32 kSPS
128 16 kSPS
256 8 kSPS
512 4 kSPS
Low-power (LP) 4.096 MHz 2.048 MHz 1024 2 kSPS
2048 1KSPS
4096 500 SPS
8192 250 SPS
16384 125 SPS

(1)  Programmabile clock divider is set to Npy = 2.
8.3.11.1 Digital Filter Inplementation

Figure 8-6 shows the digital filter implementation of the AMC131M01. The modulator bitstream feeds two
parallel filter paths: a sinc3 filter and a fast-settling filter path.

Power-up
or
PHASEXx[9:0] OSR[2:0] Reset OSR < 1024
—> Phase Rzintflsar 0 Sinc' Averager 0{
Delay Filter (OSR > 1024)
Modulator T Global Ch Calibration
i 5| Global Chop > Logi
Bitstream —| MUX [ OSR[2:0] MUX > 7 ogic Gainogclca'ling
—p Fast-Settling Filter :1/ 1/ T
PGA_GAINXx[2:0
OSR = 1024 | X[2:0]

Figure 8-6. Digital Filter Implementation

8.3.11.1.1 Fast-Settling Filter

At power-up or after a device reset, the AMC131M01 selects the fast-settling filter to allow for settled output
data generation with minimal latency. The fast-settling filter has the characteristic of a first-order sinc filter (sinc’).
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After two conversions, the device switches to and remains in the sinc? filter path until the next time the device is
powered down or reset.

The fast-settling filter exhibits wider bandwidth and less stop-band attenuation than the sinc? filter. Consequently,
the noise performance when using the fast-settling filter is not as high as with the sinc3 filter. The first two
samples available from the AMC131MO01 after a supply ramp or reset have the noise performance and frequency
response corresponding to the fast-settling filter, whereas subsequent samples have the noise performance and
frequency response consistent with the sinc?® filter. See the Start-Up Behavior After Power-Up section for more
details regarding the start-up capabilities of the AMC131MO01.

8.3.11.1.2 SINC3 and SINC? + SINC! Filter

The AMC131MO01 selects the sinc? filter path two conversions after power-up or device reset. For OSR settings
of 64 to 1024, the sinc? filter output directly feeds into the global-chop and calibration logic. For OSR settings of
2048 and higher, the sinc? filter is followed by a sinc! filter. The sinc? filter operates at a fixed OSR of 1024 in this
case while the sinc filter implements the additional OSRs of 2 to 16. Thus, when an OSR of 4096 (for example)
is selected, the sinc? filter operates at an OSR of 1024 and the sinc’ filter operates at an OSR of 4.

The filter has infinite attenuation at integer multiples of the data rate except for integer multiples of fyjop. As
with all digital filters, the digital filter response of the AMC131MO01 repeats at integer multiples of the modulator
frequency, fyop- The data rate and filter notch frequencies scale with fyop.

When possible, plan frequencies for unrelated periodic processes in the application for integer multiples of the
data rate such that any parasitic effect on data acquisition is effectively canceled by the notches of the digital
filter. Avoid frequencies near integer multiples of fyyop wWhenever possible because tones in these bands can
alias to the band of interest.

The sinc® and sinc® + sinc! filters require time to settle after the ADC is enabled, the multiplexer or gain
setting is changed, or a resynchronization event occurs. See the Synchronization section for more details on
resynchronization. Table 8-5 lists the settling times of the sinc® and sinc® + sinc! filters for each OSR setting.
The AMC131MO01 does not gate unsettled data. Therefore, the host must account for the filter settling time and
disregard unsettled data if any are read. Wait for the duration of the settling times listed in Table 8-5 plus one
additional conversion cycle before the data that was read can be considered valid.

Table 8-5. Digital Filter Settling Times

e SEREREE SERERE SdETT_LING TIME, SETTLING TIME, total
etailed (tcikin) (tcLin)
64 64 N/A 3x64+44+4 240
128 128 N/A 3x128+44+4 432
256 256 N/A 3x256+44+4 816
512 512 N/A 3x512+44+4 1584
1024 1024 N/A 3x1024 +44 +4 3120
2048 1024 2 6x1024 +44 +4 6192
4096 1024 4 10%x1024 +44 +4 10288
8192 1024 8 18 x 1024 +44 + 4 18480
16384 1024 16 34 x1024 +44 + 4 34864

8.3.11.2 Digital Filter Characteristic
Equation 6 calculates the z-domain transfer function of a sinc? filter that is used for OSRs of 1024 and lower.

3

1-z"
N(1-2")

H(z) =

(6)
where:
¢« Nisthe OSR

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 25

Product Folder Links: AMC131MO01


https://www.ti.com
https://www.ti.com/product/AMC131M01
https://www.ti.com/lit/pdf/SBASA57
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBASA57&partnum=AMC131M01
https://www.ti.com/product/amc131m01?qgpn=amc131m01

13 TEXAS
AMC131MO01 INSTRUMENTS
SBASA57 — SEPTEMBER 2023 www.ti.com

Equation 7 calculates the transfer function of a sinc? filter in terms of the continuous-time frequency parameter f.

. [ Nrf ]
sin
MOD
H(f) | =
N x sin [ ]
fmop e

where:

¢ Nisthe OSR

Figure 8-7 and Figure 8-8 show the digital filter response of the fast-settling filter and the sinc? filter for OSRs of
1024 and lower. Figure 8-9 and Figure 8-10 show the digital filter response of the sinc3 + sinc’ filter for an OSR
of 4096.

0
-20 \ TN s \
\ .

S g
3 L 45
S 0 ~\ d N
: [/ER\VaN VSN AR B
g g s \
- (AR VAR B
= \

-100 \II/ \ o \

120 —— Fast-settling filter 105 — F?lSt;SﬁminQ filter

— Sinc? filter Y Sinc? filter
-140 -
0 1 2 3 4 5 0 0.1 0.2 0.3 0.4 05

Frequency (fin/fpaTa) Frequency (fin/foaTa)

Figure 8-7. Fast-Settling and Sinc? Digital Filter Figure 8-8. Fast-Settling and Sinc? Digital Filter

Response Response, Pass-Band Detail
0 0
—— Sinc? filter (1024)
20 — Sinc® + Sinc! filter »
-40
g g
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E g
g -80 S
= -
-100 8
120 10 — sinc? filter (1024)
—— Sinc® + Sinc! filter
-140 12
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Figure 8-9. Digital Filter Response for OSR = 4096 | Figure 8-10. Sinc? + Sinc! Digital Filter Response
as a Combination of Sinc® + Sinc! at OSR = 4096, Pass-Band Detail

8.3.12 Calibration Registers

The calibration registers allow for automatic computation of calibrated ADC conversion results from
preprogrammed values. The host can rely on the device to automatically correct for system gain and offset after
the error correction terms are programmed into the corresponding device registers. The measured calibration
coefficients must be stored in external nonvolatile memory and programmed into the registers each time the
AMC131M01 powers up because the AMC131MO01 registers are volatile.

26 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: AMC131MO01


https://www.ti.com/product/AMC131M01
https://www.ti.com/lit/pdf/SBASA57
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBASA57&partnum=AMC131M01
https://www.ti.com/product/amc131m01?qgpn=amc131m01

13 TEXAS
INSTRUMENTS AMC131M01
www.ti.com SBASA57 - SEPTEMBER 2023

The offset calibration registers are used to correct for system offset error, otherwise known as zero error.
Offset error corresponds to the ADC output when the input to the system is zero. The AMC131MO01 corrects
for offset errors by subtracting the contents of the OCALO[23:0] register bits in the CHO_OCAL_MSB and
CHO_OCAL_LSB registers from the conversion result before being output. The contents of the OCALO0[23:0] bits
are interpreted by the device as 24-bit, two's-complement values.

The gain calibration registers are used to correct for system gain error. Gain error corresponds to the deviation
of gain of the system from the ideal value. The AMC131MO01 corrects for gain errors by multiplying the ADC
conversion result by the value given by the contents of the GCALOQ[23:0] register bits in the CHO_GCAL_MSB
and CHO_GCAL_LSB registers before being output. The contents of the GCALO0[23:0] bits are interpreted by the
device as 24-bit unsigned values corresponding to linear steps ranging from gains of 0 to 2 — (1 / 223). Table 8-6
describes the relationship between the GCALN[23:0] bit values and the gain calibration factor.

Table 8-6. GCALO0[23:0] Bit Mapping

GCALO0[23:0] VALUE GAIN CALIBRATION FACTOR
000000h 0
000001h 1.19 x 1077
800000h 1
FFFFFEh 2-2.38x1077
FFFFFFh 2-1.19x 107

The calibration registers do not need to be enabled because these registers are always in use. The OCAL0[23:0]
bits have a default value of 000000h resulting in no offset correction. Similarly, the GCALOQ[23:0] bits default to
800000h resulting in a gain calibration factor of 1.

Figure 8-11 shows a block diagram illustrating the mechanics of the calibration registers of the AMC131MO01.

AS .| Digital
Modulator "1 Filter

To Interface

OCALO[23:0]

Fa

GCALO[23:0]

Figure 8-11. Calibration Block Diagram

8.3.13 Register Map CRC

The AMC131MO01 performs a CRC on the device register map as a means to check for unintended changes
to the registers. Enable the register map CRC by setting the REG_CRC_EN bit in the MODE register. When
enabled, the device constantly calculates the register map CRC using each bit in the writable register space.
The register addresses covered by the register map CRC on the AMC131MO01 are 02h through 31h. The CRC is
calculated beginning with the MSB of register 02h and ending with the LSB of register 31h using the polynomial
selected in the CRC_TYPE bit in the MODE register.

The calculated CRC is a 16-bit value and is stored in the REGMAP_CRC register. The REG_MAP bit in the
STATUS register is set to flag the host if the register map CRC changes, including changes resulting from
register writes. The bit is cleared by reading the STATUS register, or by the STATUS register being output as a
response to the NULL command.

The CRC calculation is initialized with the seed value of FFFFh.
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8.3.14 General-Purpose Digital Output (GPO)

The GPO pin can be configured as a general-purpose output by setting the GPO_EN bit in the CFG register to
1b. The GPO pin uses logic levels based on the HLDO_OUT supply. See the Electrical Characteristics table for

details regarding the logic high and low levels.

Use the GPO_DAT bit in the CFG register to drive a logic high or low level on the GPO pin when configured as a
digital output. The GPO output is push-pull.
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8.4 Device Functional Modes

Figure 8-12 shows a state diagram depicting the major functional modes of the AMC131MO01 and the transitions
between them.

POR, pin reset, or
RESET command

Reset
complete

STANDBY

Standby
Mode

Continuous
Conversion Mode

WAKEUP && GC_EN

WAKEUP
&& GC_EN

GC_EN

Global Chop
Mode

Figure 8-12. State Diagram Depicting Device Functional Modes

8.4.1 Power-Up and Reset

The AMC131MO01 is reset in one of three ways: by a power-on reset (POR), by the SYNC/RESET pin, or by
a RESET command. After a reset occurs, the configuration registers are reset to the default values. Therefore,
the DC/DC converter is disabled when a reset occurs. The internal DC/DC converter must be enabled after any
type of reset for the device to begin generating conversion data, such as the power-on-reset, or a reset using a
RESET command, or a reset using the SYNC/RESET pin.

8.4.1.1 Power-On Reset

Power-on reset (POR) is the reset that occurs when a valid supply voltage is first applied. The POR process
requires tpor from when the supply voltages reach 90% of the nominal value. Internal circuitry powers up and
the registers are set to the default state during this time. The DRDY pin transitions from low to high immediately
after tpor, indicating the SPI interface is ready for communication. The device ignores any SPI communication
before this point.

See the Start-Up Behavior After Power-Up section for a recommended procedure to ensure a correct start-up
behavior at power-up.

8.4.1.2 SYNC/RESET Pin

The SYNC/RESET pin is an active low, dual-function pin that generates a reset if the pin is held low longer
than t,rst)- The device maintains a reset state until SYNC/RESET is returned high. The host must wait for at
least trecacq after SYNC/RESET is brought high before communicating with the device with SPI. Follow the
procedure described in the Start-Up Behavior After a Pin Reset or RESET Command section after the device is
reset.

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 29

Product Folder Links: AMC131MO01


https://www.ti.com
https://www.ti.com/product/AMC131M01
https://www.ti.com/lit/pdf/SBASA57
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBASA57&partnum=AMC131M01
https://www.ti.com/product/amc131m01?qgpn=amc131m01

13 TEXAS
AMC131M01 INSTRUMENTS
SBASA57 — SEPTEMBER 2023 www.ti.com

8.4.1.3 RESET Command
The AMC131MO01 can be reset with the SPI RESET command (0011h).

The device communicates in frames of a fixed length. See the SPI Communication Frames section for details
regarding SPI data framing on the AMC131M01. The RESET command is transmitted in the first word of the
data frame on DIN, but the command is not latched and executed by the device until the entire frame is
complete. Terminating the frame early causes the RESET command to be ignored. Five words are required to
complete a frame on the AMC131MO01.

A reset occurs immediately after the command is latched. The host must wait for tregacq before communicating
with the device to make sure the registers have assumed the default settings. Follow the procedure described in
the Start-Up Behavior After a Pin Reset or RESET Command section after the device is reset.

8.4.2 Start-Up Behavior After Power-Up

The AMC131M01 does not generate conversion data automatically after power-up because the integrated
DC/DC converter is disabled initially. For the ADC to operate, the DC/DC converter must be enabled after
power-up, and a stable supply voltage at the HLDO_OUT pin must be established that serves as the power
supply for the circuitry on the secondary (high) side.

A recommended procedure for powering up the AMC131MO01 is described in this section. Figure 8-13 depicts a
timing diagram for the device behavior when this recommended sequence is used. Figure 8-14 provides a flow
diagram that displays the recommended sequence in a graphical form.

Follow these steps to ensure a correct start-up behavior at power-up:

* Power up the DVDD supply.

» The transition of DRDY from low to high indicates a valid supply voltage on the primary side is established,
and also indicates the SPI interface is ready for communication.

» Configure the clock divider by setting the CLK_DIV[1:0] bits in the CLOCK register as needed.

» Configure the modulator clock frequency by setting the DCDC_FREQ[3:0] bits in the DCDC_CTRL register;
see the Clocking and Power Modes section for details.

* Enable the DC/DC converter by setting the DCDC_EN bit in the DCDC_CTRL register to 1b.

» Configure all other registers of the AMC131MO01 before the external clock is applied to the CLKIN pin.

* Provide the main clock at the CLKIN input to start operation of the integrated DC/DC converter, and to make
sure that the secondary power supply at the HLDO_OUT pin is generated.

* The transition of the SEC_FAIL bit in the STATUS register from high to low indicates that the secondary
power supply at the HLDO_OUT pin is established and the ADC conversion data output is valid. Confirm
device operation by reading the SEC_FAIL bit, and verify that this bit is set to Ob, before reading any
conversion data from the ADC. There are two options for reading the SEC_FAIL bit in the STATUS register:
sending a NULL command results in a response including the STATUS word, or sending a register read
command to read the STATUS register. The SEC_FAIL bit is a latched bit; therefore, at least two read
commands are required to confirm that this bit transitioned from high to low; the first read command clears
the logic high value that is latched during device power-up. Use the second read command to verify that the
SEC_FAIL bit is set to 0Ob, indicating that the secondary supply is valid. If the SEC_FAIL bit still reads 1b as a
result of the second read command, continue reading the SEC_FAIL bit until this bit reads Ob before reading
any conversion data from the ADC.
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Regarding the conversion data after power-up, pay attention to the following:

» The high-to-low transition of DRDY indicates that new conversion data are available. As given in Figure 8-13,
ADC data are only valid if the SEC_FAIL reads Ob during the conversion period. The first two conversion
results shown in Figure 8-13, represent invalid data.

+  When the ADC generates valid data, the digital filter must settle, as described in the SINC?3 and SINC? +
SINC Filter section. Two subsequent conversion results illustrated in Figure 8-13 are unsettled (assuming
OSR equals 1024), and the last conversion result shown provides valid and settled data.

» For best control of the conversion timing, especially in a system where multiple devices of the AMC131MO01
are used, trigger a synchronization using the SYNC/RESET pin before the host collects conversion data from
the ADC. See the Synchronization section for more details regarding how to synchronize the device.

In Figure 8-13, tpor_sec is the time from enabling the DC/DC converter to the first falling edge of the SEC_FAIL
bit, which indicates that the secondary power supply at the HLDO_OUT pin is stable. tpor pypp is the time from
DVDD supply at 90% to DRDY first rising edge.

pvop _/ " 90%
CLKIN ﬂ”ﬂﬂmmﬂﬂ””mﬂ”ﬂ”ﬂm[ H”mﬂﬂﬂ”ﬂﬂ”_ ””mﬂﬂmmﬂﬂ mﬂﬂﬂ”ﬂ”ﬂ”ﬂ

H.ooour o Se———= 90%
| tror_sec |
~ >
SEC_FAIL
‘ tror_pvoD | toaTa | toaTa | toaTa | toata
* o l il >
DRDY I SPI write to | ” ”
configure / / /'
registers . . Unsettled Unsettled Valid Sinc®
Invalid data Invalid data filter data filter data filter data

Figure 8-13. Start-Up Behavior at Power-Up and Settling Times, OSR = 1024
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Figure 8-14. Flow Diagram for Start-Up Procedure at Power-Up
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8.4.3 Start-Up Behavior After a Pin Reset or RESET Command

Sending a RESET command or executing a pin reset using the SYNC/RESET pin disables the DC/DC converter
by resetting the DCDC_EN bit to Ob. Therefore, the start-up process following a RESET command or a pin reset
using the SYNC/RESET pin is similar to what occurs after power up. However, there is no tpor pypp in the case
of a command or pin reset because the DVDD supply is already ramped. -

Figure 8-15 shows the behavior after a pin reset using the SYNC/RESET pin. A reset is only generated if the
SYNC/RESET pin is held low longer than t,rsL). If the pin is held low for a duration less then t,rs|) but greater
than a CLKIN period, a synchronization occurs instead of a reset.

SYNC/RESET
R - O, -~ AL - L. -~ WA

H.OOOUT S 90%

tror_sec

A
A\

SEC_FAIL

L toaTa L toata O toata N toata
r > ™ ™ >
DRDY SPI write to | ” ”
configure / /'
registers ) . Unsettled Unsettléd Valid Sinc®
Invalid data Invalid data filter data filter data filter data

Figure 8-15. Start-Up Behavior After a Pin Reset and Settling Times

As shown in Figure 8-15, follow the same sequence for configuring the device and reading the SEC_FAIL bit in
the STATUS register as described in the Start-Up Behavior After Power-Up section to receive valid conversion
data after a RESET command or a pin reset using the SYNC/RESET pin.

8.4.4 Start-Up Behavior After a Pause in CLKIN

A pause in the clock signal provided at the CLKIN pin causes the power supply generated by the DC/DC
converter on the secondary (high) side to drop and can prevent the ADC circuit on the secondary side from
operating. The DC/DC converter is automatically re-enabled when the clock at the CLKIN pin resumes, and the
AMC131MO01 registers do not need to be reconfigured. However, the supply voltage on the secondary (high) side
is not stable until the SEC_FAIL bit in the STATUS register is set to Ob.

Follow the same sequence for reading the SEC_FAIL bit in the STATUS register as described in the Start-Up
Behavior After Power-Up section to receive valid conversion data after the clock has been paused and re-started
at the CLKIN pin.

8.4.5 Synchronization

Synchronization can be performed by the host to make sure the ADC conversions are synchronized to an
external event. For example, synchronization can realign the data capture to the expected timing of the host if a
glitch on the clock causes the host and device to become out of synchronization.

The SYNC/RESET pin is a multifunction digital input pin that allows the host to synchronize conversions to an
external event or to reset the device. See the SYNC/RESET Pin section for more details regarding how the
device is reset.

Provide a negative pulse on the SYNC/RESET pin with a duration less than t,rsL) but greater than a CLKIN
period to trigger synchronization. The device internally compares the leading negative edge of the SYNC/RESET
pulse to the internal clock that tracks the data rate. The internal data rate clock has timing equivalent to
the DRDY pin. If the negative edge on SYNC/RESET aligns with the internal data rate clock, the device is
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determined to be synchronized and therefore no action is taken. If there is misalignment, the digital filters on the
device are reset to be synchronized with the SYNC/RESET pulse.

Figure 8-16 shows the behavior after a synchronization pulse on the SYNC/RESET pin for OSR = 1024. As
explained in the SINC? and SINC?3 + SINC? Filter section, because of the settling of the digital filter, the first two
conversion results are unsettled data and must be ignored.

SYNC/RESET u
| toata ‘ toata ‘ toata |
< g g >l
DRDY | |_I
Unsettled Unsettled Valid Sinc® Valid Sinc®
filter data filter data filter data filter data

Figure 8-16. Synchronization Timing for OSR = 1024

In global-chop mode, conversions are always immediately restarted at the falling edge of the SYNC/RESET pin.
8.4.6 Conversion Modes

There are two ADC conversion modes on the AMC131M01: continuous-conversion and global-chop mode.
Continuous-conversion mode is a mode where ADC conversions are generated constantly by the ADC at a
rate defined by fy,op / OSR. Global-chop mode differs from continuous-conversion mode because global-chop
periodically chops (or swaps) the inputs, which reduces system offset errors at the cost of settling time between
the points when the inputs are swapped. In either continuous-conversion or global-chop mode, there are two
power modes that provide flexible options to scale power consumption with bandwidth and dynamic range. The
Power Modes section discusses these power modes in further detail.

8.4.6.1 Continuous-Conversion Mode

Continuous-conversion mode is the mode in which ADC data are generated constantly at the rate of fyop /
OSR. New data are indicated by a DRDY falling edge at this rate. Continuous-conversion mode is intended for
measuring AC signals because this mode allows for higher output data rates than global-chop mode.

8.4.6.2 Global-Chop Mode

The AMC131MO01 incorporates a global-chop mode option to reduce offset error and offset drift inherent to the
device resulting from mismatch in the internal circuitry to very low levels. When global-chop mode is enabled
by setting the GC_EN bit in the GLOBAL_CHOP_CFG register, the device uses the conversion results from
two consecutive internal conversions taken with opposite input polarity to cancel the device offset voltage.
Conversion n is taken with normal input polarity. The device then reverses the internal input polarity for
conversion n + 1. The average of two consecutive conversions (nand n + 7, n + 1 and n + 2, and so on)
yields the final offset compensated result.
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Figure 8-17 shows a block diagram of the global-chop mode implementation. The combined PGA and ADC
internal offset voltage is modeled as Vpgs. Only this device-inherent offset voltage is reduced by global-chop

mode. Offset in the external circuitry connected to the analog inputs is not affected by global-chop mode.

Chop Switch GC_EN
Vors i
AINnP O ’
© : ADC Digital Global-Chop — Conversion Output
| Filter | Mode Control P
AINNN O
L—o

Figure 8-17. Global-Chop Mode Implementation

The conversion period in global-chop mode differs from the conversion time when global-chop mode is disabled
(tpata = OSR x tyop). Figure 8-18 shows the conversion timing for the ADC using global-chop mode.
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Figure 8-18. Conversion Timing With Global-Chop Mode Enabled

e tao Fist

Every time the device swaps the input polarity, the digital filter is reset. The ADC then always takes three internal
conversions to produce one settled global-chop conversion result.

The AMC131MO01 provides a programmable delay (tgc pLy) between the end of the previous conversion period
and the beginning of the subsequent conversion period after the input polarity is swapped. This delay allows
external input circuitry to settle because the chopping switches interface directly with the analog inputs. The
GC_DLY[3:0] bits in the GLOBAL_CHOP_CFG register configure the delay after chopping the inputs. The
global-chop delay is selected in terms of modulator clock periods from 2 to 65,536 x ty10p.

The effective conversion period in global-chop mode follows Equation 8. A DRDY falling edge is generated each
time a new global-chop conversion becomes available to the host.

The conversion process in global-chop mode is restarted in the following two conditions

» Falling edge of the SYNC/RESET pin
» Change of the OSR setting

The conversion period of the first conversion after the ADC is reset is considerably longer than the conversion
period of all subsequent conversions mentioned in Equation 8 because the device must first perform two fully
settled internal conversions with the input polarity swapped. The conversion period for the first conversion in
global-chop mode follows Equation 9.

(8)
©)

tec_conversion = tec_pLy + 3 * OSR x tyop
tac_FIRST conversion = tec pLy + 3 X OSR % tyop + tgc_pLy + 3 X OSR % tyop + 44 % tyop

Using global-chop mode reduces the ADC noise listed in Table 7-1 at a given OSR by a factor of V2 because two
consecutive internal conversions are averaged to yield one global-chop conversion result. The DC test signal
cannot be measured in global-chop mode.

8.4.7 Power Modes

In both continuous-conversion and global-chop mode, there are two selectable power modes that allow scaling
of power with bandwidth and performance: high-resolution (HR) mode and low-power (LP) mode. The mode
is selected by the PWR[1:0] bits in the CLOCK register. Changing the PWR[1:0] bits scales the internal
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bias currents to achieve the expected power levels. See the Recommended Operating Conditions table for
restrictions on the CLKIN frequency for each power mode.

8.4.8 Standby Mode

Standby mode is a low-power state in which the ADC is disabled, and the reference and other non-essential
circuitry are powered down. This mode differs from completely powering down the device because the device
retains the register settings. Set the DCDC_EN bit in the DCDC_CTRL register to Ob to disable the DC/DC
converter before entering standby mode. Enter standby mode by sending the STANDBY command (0022h).
Stop toggling CLKIN when the device is in standby mode to minimize device power consumption. Exit standby
mode by sending the WAKEUP command (0033h).

8.5 Programming
8.5.1 Serial Interface

The AMC131M01 uses an SPI-compatible interface to configure the device and retrieve conversion data. The
device always acts as an SPI peripheral; SCLK and CS are inputs to the interface. The interface operates in SPI
mode 1, where CPOL = 0 and CPHA = 1. In SPI mode 1, SCLK idles low and data are launched or changed
only on SCLK rising edges; data are latched or read by the controller and peripheral on SCLK falling edges.
The interface is full-duplex, meaning data can be sent and received simultaneously by the interface. The device
includes the typical SPI signals: SCLK, CS, DIN, and DOUT. In addition, there are two other digital pins that
provide functionality. The DRDY pin serves as a flag to the host to indicate new conversion data are available.
The SYNC/RESET pin is a dual-function pin that allows synchronization of conversions to an external event and
allows for a hardware device reset.

8.5.1.1 Chip Select (CS)

The CS pin is an active low input signal that selects the device for communication. The device ignores any
communication and DOUT is high impedance when CS is held high. Hold CS low for the duration of a
communication frame to ensure proper communication. The interface is reset each time CS is taken high.

8.5.1.2 Serial Data Clock (SCLK)

The SCLK pin is an input that serves as the serial clock for the interface. Output data on the DOUT pin
transitions on the rising edge of SCLK and input data on DIN are latched on the falling edge of SCLK.

8.5.1.3 Serial Data Input (DIN)

The DIN pin is the peripheral in, controller out (PICO) pin for the device. Serial commands are shifted in through
the DIN pin by the device with each SCLK falling edge when the CS pin is low.

8.5.1.4 Serial Data Output (DOUT)

The DOUT pin is the peripheral out, controller in (POCI) pin for the device. The device shifts out command
responses and ADC conversion data serially with each rising SCLK edge when the CS pin is low. This pin
assumes a high-impedance state when CS is high.

8.5.1.5 Data Ready (DRDY)

The DRDY pin is an active-low output that indicates when new conversion data are ready in conversion mode.
Connect the DRDY pin to an input on the host to trigger periodic data retrieval in conversion mode. The period
between each DRDY falling edge is the data rate period.

The DRDY_HIZ bit in the MODE register configures the state of the DRDY pin when deasserted. By default
the bit is Ob, meaning the pin is actively driven high using a push-pull output stage. When the bit is 1b, DRDY
behaves like an open-drain digital output. Use a 10-kQ pullup resistor to pull the pin high when DRDY is not
asserted.

The DRDY_FMT bit in the MODE register determines the format of the DRDY signal. When the bit is Ob, new
data are indicated by DRDY changing from high to low and remaining low until either all conversion data are
shifted out of the device, or remaining low and going high briefly before the next time DRDY transitions low.
When the DRDY_FMT bit is 1b, new data are indicated by a short negative pulse on the DRDY pin. If the host
does not read conversion data after the DRDY pulse when DRDY_FMT is 1b, the device skips a conversion
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result and does not provide another DRDY pulse until the second following instance when data are ready
because of how the pulse is generated. See the Collecting Data for the First Time or After a Pause in Data
Collection section for more information about the behavior of DRDY when data are not consistently read.

8.5.1.6 Conversion Synchronization or System Reset (SYNC/RESET)

The SYNC/RESET pin is a multifunction digital input pin that serves primarily to allow the host to synchronize
conversions to an external process or to reset the device. See the Synchronization section for more details
regarding the synchronization function. See the SYNC/RESET Pin section for more details regarding how the
device is reset.

8.5.1.7 SPI Communication Frames

SPI communication on the AMC131MO01 is performed in frames. Each SPI communication frame consists of
several words. The word size is configurable as either 16, 24, or 32 bits by programming the WLENGTH[1:0] bits
in the MODE register.

The interface is full duplex, meaning that the interface is capable of transmitting data on DOUT while
simultaneously receiving data on DIN. The input frame that the host sends on DIN always begins with a
command. The first word on the output frame that the device transmits on DOUT always begins with the
response to the command that was sent in the previous input frame.

The number of words in a command depends on the command provided. For most commands, there are three
words in a frame. On DIN, the host provides the command, the command CRC if input CRC is enabled or a word
of zeros if input CRC is disabled, and one additional word of zeros. Simultaneously on DOUT, the device outputs
the response from the previous frame command, one word of ADC data representing the single ADC channel,
and a CRC word. If The ADC is disabled, this frame structure of three words still applies, and the data of the
disabled channel reads all zeros. Figure 8-19 shows a typical command frame structure.

- (
17—|
DRDY

[ eee

DIN /< Command >< CRC >\ /< Command >< CRC

LG l -
)J

DOUT Hi-Z >< Response ><Channel0Data>< CRC >< Hi-Z >< Response ><ChanneIOData
LG
)J

Figure 8-19. Typical Communication Frame

There are some commands that require more than three words. In the case of a read register (RREG) command
where multiple registers are read, the response to the command contains the acknowledgment of the command
followed by the register contents requested, which can require a larger frame depending on how many registers
are read. See the RREG section for more details on the RREG command.
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In the case of a write register (WREG) command where multiple registers are written, the frame extends to
accommodate the additional data. See the WREG section for more details on the WREG command.

See the Commands section for a list of all valid commands and the corresponding responses on the
AMC131MO1.

Under special circumstances, a data frame can be shortened by the host. See the Short SPI Frames section for
more information about artificially shortening communication frames.

8.5.1.8 SPI Communication Words

An SPI communication frame with the AMC131MO01 is made of words. Words on DIN can contain commands,
register settings during a register write, or a CRC of the input data. Words on DOUT can contain command
responses, register settings during a register read, ADC conversion data, or the CRC of the output data.

Words can be 16, 24, or 32 bits. The word size is configured by the WLENGTH[1:0] bits in the MODE register.
The device defaults to a 24-bit word size. Commands, responses, CRC, and registers always contain 16 bits of
actual data. These words are always most significant bit (MSB) aligned, and therefore the least significant bits
(LSBs) are zero-padded to accommodate 24- or 32-bit word sizes. ADC conversion data are nominally 24 bits.
The ADC truncates the eight LSBs when the device is configured for 16-bit word size. There are two options
for 32-bit communication available for ADC data that are configured by the WLENGTH[1:0] bits in the MODE
register. Either the ADC data can be LSB padded with zeros or the data can be MSB sign extended.

8.5.1.9 Short SPI Frames

The SPI frame can be shortened to only send commands and receive responses if the ADCs are disabled and
no ADC data are being output by the device. Read out all expected output data words from each sample period
if the ADCs are enabled. Reading all data output with each frame ensures predictable DRDY pin behavior. If
reading out all data on each output data period is not feasible, see the Collecting Data for the First Time or After
a Pause in Data Collection section on how to begin reading data again after a pause from when the ADCs were
last enabled.

A short frame is not possible when using the RESET command. A full frame must be provided for a device reset
to take place when providing the RESET command.

8.5.1.10 Communication Cyclic Redundancy Check (CRC)

The AMC131MO01 features a cyclic redundancy check (CRC) engine on both input and output data to mitigate
SPI communication errors. The CRC word is 16 bits wide for either input or output CRC. Coverage includes all
words in the SPI frame where the CRC is enabled, including zero-padded or sign-extended bits.

CRC on the SPI input is optional and can be enabled and disabled by writing the RX_CRC_EN bit in the
MODE register. Input CRC is disabled by default. The device checks the provided input CRC against the CRC
generated based on the input data. A CRC error occurs if the CRC words do not match. The device does not
execute any commands, except for the WREG command, if the input CRC check fails. A WREG command
always executes even when the CRC check fails. The device sets the CRC_ERR bit in the STATUS register for
all cases of a CRC error. The response on the output in the SPI frame following the frame where the CRC error
occurred is that of a NULL command, which means the STATUS register plus the conversion data are output in
the following SPI frame. The CRC_ERR bit is cleared when the STATUS register is output.

Output CRC is not optional and always appears at the end of the output frame. The host can ignore the data if
output CRC is not used.

There are two types of CRC polynomials available: CCITT CRC and ANSI CRC (CRC-16). The CRC setting
determines the algorithm for both the input and output CRC. The CRC type is programmed by the CRC_TYPE
bit in the MODE register. Table 8-7 lists the details of the two CRC types.

The CRC calculation is initialized with the seed value of FFFFh to detect errors in the event that DIN or DOUT
are stuck low.
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Table 8-7. CRC Types

CRC TYPE POLYNOMIAL BINARY POLYNOMIAL
CCITTCRC x16 + x12 + x5 + 1 0001 0000 0010 0001
ANSI CRC x16 + x15 + x2 + 1 1000 0000 0000 0101

8.5.1.11 SPI Timeout

The AMC131MO01 features an SPI timeout as a means to recover SPI communication, especially in situations
where CS is permanently tied low. Enable the SPI timeout using the TIMEOUT bit in the MODE register. When
enabled, the entire SPI frame (first SCLK to last SCLK) must complete in 2'® MCLK cycles, otherwise the SPI
logic resets. When a timeout happens, the device starts interpreting the data starting with the next SCLK as a

new SPI frame.
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8.5.2 ADC Conversion Data

The device provides conversion data at the data rate set by the OSR bit in the CLOCK register. The conversion
status is available as the DRDYO bit in the STATUS register. The STATUS register content is automatically
output as the response to the NULL command.

Conversion data are 24 bits. The data LSBs are truncated when the device operates with a 16-bit word size.
The LSBs are zero padded or the MSBs sign extended when operating with a 32-bit word size depending on the
setting of the WLENGTH]J1:0] bits in the MODE register.

Data are given in binary two's-complement format. Use Equation 10 to calculate the size of one code (LSB).
1LSB = (2.4 V/Gain) /224 = +FSR / 223 (10)

A positive full-scale input V|y =2 +FSR — 1 LSB = 1.2 V / Gain — 1 LSB produces an output code of 7FFFFFh, and
a negative full-scale input (V|y £ —FSR = —1.2 V / Gain) produces an output code of 800000h. The output clips at
these codes for signals that exceed full-scale.

Table 8-8 summarizes the ideal output codes for different input signals.

Table 8-8. Ideal Output Code versus Input Signal

v:::L\j/IELG—N\zL.;N IDEAL OUTPUT CODE
2 FSR (228 1)/ 223 7FFFFFh
FSR/ 223 000001h
0 000000h
~FSR /223 FFFFFFh
<-FSR 800000h

Figure 8-20 shows the mapping of the analog input signal to the output codes.

7FFFFFh
7FFFFEh
§ 000001h
O 000000h
3 FFFFFFh
3
e
800001h
800000h
—FS \ cee 0 eee FS
Input Voltage V|
2% 1 2% 1
-Fs Fs
223 223

Figure 8-20. Code Transition Diagram
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8.5.3 Commands

Table 8-9 contains a list of all valid commands, a short description of the functionality, the binary command word,

and the expected response that appears in the following frame.

Table 8-9. Command Definitions

COMMAND DESCRIPTION COMMAND WORD RESPONSE
NULL No operation 0000 0000 0000 0000 STATUS register
RESET Reset the device 0000 0000 0001 0001 1111 1111 0010 0011
STANDBY | Place the device into standby mode 0000 0000 0010 0010 0000 0000 0010 0010
WAKEUP Wake the device from standby mode to conversion mode 0000 0000 0011 0011 0000 0000 0011 0011

LOCK Lock the interface such th_at only the NULL, UNLOCK, and 0000 0101 0101 0101 0000 0101 0101 0101
RREG commands are valid
UNLOCK Unlock the interface after the interface is locked 0000 0110 0101 0101 0000 0110 0101 0101
dddd dddd dddd dddd
RREG Read nnn nnnn plus 1 registers beginning at address a aaaa a 101a aaaa annn nnnn or
111a aaa annn nnnn ()
WREG Write nnn nnnn plus 1 registers beginning at address a aaaa a 011a aaaa annn nnnn | 010a aaaa ammm mmmm 2)

(1)  When nnn nnnn is 0, the response is the requested register data dddd dddd dddd dddd. When nnn nnnn is greater than 0, the
response begins with 111a aaaa annn nnnn, followed by the register data.

(2) Inthis case, mmm mmmm represents the number of registers that are actually written minus one. This value can be less than nnn
nnnn in some cases.

8.5.3.1 NULL (0000 0000 0000 0000)

The NULL command is the no-operation command that results in no registers read or written, and the state of
the device remains unchanged. The intended use case for the NULL command is to read conversion data from
the ADC. The command response for the NULL command is the contents of the STATUS register. Any invalid
command also gives the NULL response.

8.5.3.2 RESET (0000 0000 0001 0001)

The RESET command resets the ADC to the register defaults. The command is latched by the device at the
end of the frame. A reset occurs immediately after the command is latched. The host must wait for tregacq after
reset before communicating with the device to make sure the registers have assumed the default settings. The
device sends an acknowledgment of FF23h when the ADC is properly reset. The device responds with 0011h if
the command word is sent but the frame is not completed, and therefore, the device is not reset. See the RESET
Command section for more information regarding the operation of the reset command. Figure 8-21 illustrates a
properly sent RESET command frame.
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el

DIN /< RESET >< CRC >\

RESET command

/ latched here
DOUT Hi-Z >< Response >< Don’t Care >< Don’t Care >< Hi-Z

Figure 8-21. RESET Command Frame

8.5.3.3 STANDBY (0000 0000 0010 0010)

The STANDBY command places the device in a low-power standby mode. The command is latched by the
device at the end of the frame. The device enters standby mode immediately after the command is latched. Set
the DCDC_EN bit in the DCDC_CTRL register to Ob to disable the DC/DC converter before entering standby
mode. See the Standby Mode section for more information. This command has no effect if the device is already
in standby mode.

8.5.3.4 WAKEUP (0000 0000 0011 0011)

The WAKEUP command returns the device to conversion mode from standby mode. This command has no
effect if the device is already in conversion mode.

Set the DCDC_EN bit in the DCDC_CTRL register to 1b to enable the DC/DC converter after sending the
WAKEUP command.

8.5.3.5 LOCK (0000 0101 0101 0101)

The LOCK command locks the interface, preventing the device from accidentally latching unwanted commands
that can change the state of the device. When the interface is locked, the device only responds to the NULL,
RREG, and UNLOCK commands. The device continues to output conversion data even when locked.

8.5.3.6 UNLOCK (0000 0110 0101 0101)
The UNLOCK command unlocks the interface if previously locked by the LOCK command.
8.5.3.7 RREG (101a aaaa annn nnnn)

The RREG command reads the device registers. The binary format of the command word is 101a aaaa annn
nnnn, where a aaaa a is the binary address of the register to begin reading and nnn nnnn is the unsigned
binary number of consecutive registers to read minus one. There are two cases for reading registers on the
AMC131MO01. When reading a single register (nnn nnnn = 000 0000b), the device outputs the register contents
in the command response word of the following frame. If multiple registers are read using a single command
(nnn nnnn > 000 0000b), the device outputs the requested register data sequentially in order of addresses.
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8.5.3.7.1 Reading a Single Register

Read a single register from the device by specifying nnn nnnn as zero in the RREG command word. As with
all SPI commands on the AMC131MO01, the response occurs on the output in the frame following the command.
Instead of a unique acknowledgment word, the response word is the contents of the register whose address is
specified in the command word. Figure 8-22 shows an example of reading a single register.

—_— (
Ji—|
DRDY

sl I e« -« <[l «, I e o«

DIN /< RREG >< CRC >\ /< Command >< CRC

L l -
J) .

DOUT  Hi-Z >< Response ><ChanneIOData>< CRC >< Hi-Z >< R%%f;er ><ChanneIOData
L
J)

Figure 8-22. Reading a Single Register

8.5.3.7.2 Reading Multiple Registers

Multiple registers are read from the device when nnn nnnn is specified as a number greater than zero in the
RREG command word. As with all SPI commands on the AMC131MO01, the response occurs on the output in the
frame following the command. Instead of a single acknowledgment word, the response spans multiple words to
shift out all requested registers. Continue toggling SCLK to accommodate outputting the entire data stream. ADC
conversion data are not output in the frame following an RREG command to read multiple registers. Figure 8-23
shows an example of reading multiple registers.

=] 7 -
o e e[ -+ o

DIN RREG CRC Command CRC

" >< " >< RREG 1% register’s 2" register's N-1" register’s N" register's T
DOUT Hi-Z >< Response ><Channel 0 Dala>< CRC Hi-Z ack >< data data [N N ] data data CRC Hi-Z

Figure 8-23. Reading Multiple Registers
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8.5.3.8 WREG (011a aaaa annn nnnn)

The WREG command allows writing an arbitrary number of contiguous device registers. The binary format of the
command word is 011a aaaa annn nnnn, where a aaaa a is the binary address of the register to begin writing
and nnn nnnn is the unsigned binary number of consecutive registers to write minus one. Send the data to be
written immediately following the command word. Write the intended contents of each register into individual
words, MSB aligned.

If the input CRC is enabled, write this CRC after the register data. The registers are written to the device as
they are shifted into DIN. Therefore, a CRC error does not prevent an erroneous value from being written to a
register. An input CRC error during a WREG command sets the CRC_ERR bit in the STATUS register.

The device ignores writes to read-only registers or to out-of-bounds addresses. Gaps in the register map
address space are still included in the parameter nnn nnnn, but are not writeable so no change is made to them.
The response to the WREG command that occurs in the following frame appears as 010a aaaa ammm mmmm,
where mmm mmmm is the number of registers actually written minus one. This number can be checked by the
host against nnn nnnn to make sure the expected number of registers are written.

Figure 8-24 shows a typical WREG sequence. In this example, the number of registers to write is larger than one
and, therefore, the frame is extended beyond the ADC data word and output CRC word. Make sure all ADC data
and output CRC are shifted out during each transaction where new data are available.

¢

] | .

o e i M-+

1% register's 2" register's 3"register's 4™ register's 5" register's N-1" register's N" register's
DN /< WREG >< data data data data data eee data data CRC Command CRC

‘ i -
55 : ::

DOUT Hi-Z >< Response XChanne\ODataX CRC >< Don't Care Hi-Z Channel 0 Data
(
55

Figure 8-24. Writing Registers

8.5.4 ADC Output Buffer and FIFO Buffer

As shown in Figure 8-25, the AMC131M01 has two internal data buffers holding conversion data: an ADC output
buffer and a FIFO buffer. Each buffer can only hold one conversion result at a time. The data output on DOUT is
always from the FIFO buffer.

ADC Data
ADC Data ADC Output ADC Data E—
»> »> To SPI
AT ADC > Buffer | FIFO Buffer DRDYx oS
——

Figure 8-25. ADC Data Output Buffer Structure

Whenever the ADC generates new conversion data, the ADC output buffer is updated immediately with the new
data. However, updating the FIFO buffer depends on the previous conversion data retrieval by the host. There
are three scenarios:

« If conversion data (N) stored in the FIFO buffer has already been read by the host at the time that new
conversion data (N+1) become available, then the FIFO buffer is updated with the new conversion data
(N+1). In this case, data in both the ADC output buffer and the FIFO buffer are updated at the same time (that
is, both buffers now hold the same conversion data N+1).
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If conversion data (N) stored in the FIFO buffer has not yet been read by the host when new conversion
data (N+1) become available, then the FIFO buffer is not updated and still holds the previous conversion
data (N), while the ADC output buffer now holds the new conversion data (N+1). In this case, data content is
different between the ADC output buffer (N+1) and the FIFO buffer (N). After the host reads conversion data
N from the FIFO buffer, the FIFO buffer is updated with the conversion data N+1. The host can then retrieve
conversion data N+1.

A special scenario exists if conversion data (N) stored in the FIFO buffer has not been read by the host, but
two new conversion data already became available in the meantime (that is, the ADC output buffer is updated
with conversion data N+2). In this case, the FIFO buffer is updated with conversion result N+2 at the same
time the ADC output buffer is updated with conversion result N+2 (that is, both buffers now hold the same
conversion data N+2). That means, conversion data N and N+1 are lost and cannot be retrieved by the host
anymore.

Table 8-10 summarizes the ADC output buffer and FIFO buffer operation when new conversion data (N+1) are
available.

Table 8-10. New Conversion Data Available: Operation of the ADC Output Buffer and FIFO Buffer

SPIHISTORY DN‘ET"A’ 23;52350;} ADC OUTPUT BUFFER FIFO BUFFER ADC OUTPUT BUFFER FIFO BUFFER
i CONTENT (t < tg) CONTENT (t < tg) CONTENT (t > tg) CONTENT (t > tg)
g | N :
Tosam : : :
:

The following three examples illustrate the behavior of the ADC output and FIFO buffer using a simplified
notation to indicate which conversion data is stored in each buffer: [number of sample in the ADC output buffer |
number of sample in the FIFO buffer].

Example 1: Host reads conversion results as soon as the results become available

When the first conversion (result 1) completes, this result is placed both in the ADC output buffer and the
FIFO buffer [1 ] 1].

If the host reads conversion result 1 immediately after the conversion completes, the content of the buffers
stays at [1 | 1]. The host can read conversion result 1 from the FIFO buffer multiple times if needed before
conversion result 2 completes.

When conversion result 2 completes, the result is again placed into both the ADC output buffer and the FIFO
buffer [2 | 2].

If the host reads the result before the third conversion completes, result 2 is read out and the buffers stay at
[2]2].

Example 2: Host misses reading one conversion result

When the first conversion (result 1) completes, the result is placed both in the ADC output buffer and the
FIFO buffer [1 ] 1].

If the host misses reading result 1 from the FIFO buffer before the second conversion completes, then the
ADC output buffer holds result 2, and the FIFO buffer still holds result 1 [2 | 1].

If the host now reads data before the third conversion completes, result 1 is read. The content of the buffers
then updates to [2 | 2].

Another conversion data read request by the host shifts out result 2 on DOUT. The buffers stay at [2 | 2].
Now when the third conversion completes, both buffers update with result 3 [3 | 3].

Example 3: Host misses reading two consecutive conversion results

When the first conversion (result 1) completes, the result is placed both in the ADC output buffer and the
FIFO buffer [1 | 1].

If the host misses reading result 1 from the FIFO buffer before the second conversion completes, then the
ADC output buffer holds result 2, and the FIFO buffer still holds result 1 [2 | 1].
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* Now if the third conversion completes and the host still did not retrieve data from the FIFO buffer, then result
3 overwrites the data in both the ADC output and FIFO buffer [3 | 3].
* In this case, both conversion result 1 and result 2 are lost and cannot be read anymore by the host.

Resulting from the internal structure of the ADC, including the ADC output buffer and the FIFO buffer, the DRDY

pin behaves as described:

» If conversion data are read by the host every time new conversion data become available, then DRDY follows
the format described in the Data Ready (DRDY) section, depending on the DRDY_FMT bit in the MODE
register: When the DRDY_FMT bit is Ob, new data are indicated by DRDY changing from high to low and
remaining low until either all conversion data are shifted out of the device, or remaining low and going high
briefly before the next time DRDY transitions low. When the DRDY_FMT bit is 1b, new data are indicated by
a short negative pulse on the DRDY pin.

+ If the DRDY_FMT bit is Ob and the host does not read conversion data from the FIFO buffer before the next
conversion completes, then DRDY remains low and goes high briefly before the next time DRDY transitions
low (indicating a new conversion).

+ If the DRDY_FMT bit is 1b and the host does not read conversion data from the FIFO buffer before the next
conversion completes, then the device skips one DRDY pulse and does not provide another DRDY pulse
until the second following instance when data are ready. Therefore, if the DRDY_FMT bit is 1b and the host
does not read conversion data at all, the DRDY pin toggles at a rate which is half the conversion rate.

8.5.5 Collecting Data for the First Time or After a Pause in Data Collection

Take special precaution when collecting data for the first time or when beginning to collect data again after a
pause. As explained in the ADC Output Buffer and FIFO Buffer section, the device contains a first-in-first-out
(FIFO) buffer in addition to the ADC output buffer. When the host is reading each consecutive sample from the
device, both buffers are updated each time new data are generated, so the DRDY flag for each channel in the
STATUS register is cleared with each read. However, if data are not read for a period of time, previous samples
can be lost as explained in the ADC Output Buffer and FIFO Buffer section. Either strobe the SYNC/RESET
pin to resynchronize conversions and clear the buffers, or quickly read two data packets when data are read
for the first time or after a gap in reading data. This process ensures predictable DRDY pin behavior. See the
Synchronization section for information about the synchronization feature. These methods do not need to be
employed if data is read for each output data period from when the ADC is enabled.

Figure 8-26 shows an example of how to collect data after a period of the ADC running, but where no data are
being retrieved. In this instance, the SYNC/RESET pin clears the internal buffers and realigns the AMC131MO01
output data with the host.

Time where data is
not being read

A B o

SYNC /RESET

SYNC Pulse

s ...”ﬂﬂﬂmm;ﬁ' e e cee B

Figure 8-26. Collecting Data After a Pause Using the SYNC/RESET Pin
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Another functionally equivalent method for clearing the FIFO after a pause in collecting data is to begin by
reading two samples in quick succession. Figure 8-27 shows this method. This example shows that when the
DRDY_FMT bit in the MODE register is set to Ob, DRDY is a level output. There is a very narrow pulse on
DRDY immediately after the first set of data are shifted out of the device. This pulse can be too narrow for some
microcontrollers to detect. Therefore, do not rely upon this pulse but instead immediately read out the second
data set after the first data set. The host operates synchronous to the device after the second word is read from
the device.

Time where data is
not being read

Narrow DRDY Pulse

w T LI 0 ] )

SCLK LN N ]
DOUT Data >< Data >< CRC >\/%

|
|
|

_______ L e

Data is read a
second time

Figure 8-27. Collecting Data After a Pause by Reading Data Twice
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8.6 AMC131M01 Registers

Table 8-11 lists the memory-mapped registers for the AMC131MO01 registers. All register offset addresses not
listed in Table 8-11 should be considered as reserved locations and the register contents should not be modified.

Table 8-11. Register Map

Address Acronym Reset Bit 15 Bit 14 Bit13 Bit 12 Bit 11 Bit 10 Bit 9 Bit 8
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
00h D Xb RESERVED CHANCNT3:0]
RESERVED
01h STATUS 0540h LOCK F RESYNC | REG MAP CRC_ERR | CRC_TYPE ‘ RESET WLENGTHI1:0]
FUSE_FAIL SEC_FAIL RESERVED DRDY0
02h MODE 0510h RESERVED REG_CRC_EN | RX_CRC_EN CRCJYPE‘ RESET WLENGTH[1:0]
RESERVED TIMEOUT RESERVED DRDY Hiz | DRDY FMT
03h cLocK 010Eh RESERVED CHO_EN
CLK_DIV[1:0] ‘ TURBO ‘ OSR[2:0] PWR1:0]
04h GAIN 0000h RESERVED
RESERVED PGAGAINO[2:0]
06h CcFG 0600h | RESERVED GPO_EN ‘ GPO_DAT ‘ GC_DLY[3:0] GC_EN
RESERVED
09h CHO_CFG 0000h RESERVED
RESERVED MUXO[1:0]
0Ah | CHO_OCAL_MSB | 0000h OCALO_MSB[15:0]
OCALO_MSB[15:0]
0Bh | CHO_OCAL LSB | 0000h OCALO_LSB[7:0]
RESERVED
0Ch | CHO_GCAL MSB | 8000h GCALO_MSB[15:0]
GCALO_MSB[15:0]
0Dh | CHO_GCAL LSB | 0000h GCALO_LSB[7:0]
RESERVED
31h DCDC_CTRL 0000h RESERVED DCDC_FREQ[3:0]
RESERVED DCDC_EN
3Eh REGMAP_CRC | 0000h REG_CRC[15:0]
REG_CRC[15:0]

Complex bit access types are encoded to fit into small table cells. Table 8-12 shows the codes that are used for

access types in this section.

Table 8-12. AMC131M01 Access Type Codes

Access Type ‘ Code ‘ Description
Read Type
R R |Read
Write Type
w W | write

Reset or Default Value

- n

Value after reset or the default
value
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8.6.1 ID Register (Address = 00h) [Reset = 21XXh]
Return to the Summary Table.
Figure 8-28. ID Register

15 14 13 12 1" 10 9 8
RESERVED ‘ CHANCNT[3:0]
R-0010b R-0001b

RESERVED
R-X

Table 8-13. ID Register Field Descriptions
Bit Field Type Reset Description

15:12 RESERVED R 0010b Reserved
Always reads 0010b

11:8 CHANCNTI[3:0] R 0001b Channel count
Always reads 0001b

7:0 RESERVED R X Reserved
Values are subject to change without notice.
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8.6.2 STATUS Register (Address = 01h) [Reset = 0540h]

Return to the Summary Table.

Figure 8-29. STATUS Register

15

14

13

12

1" 10 9 8

LOCK

‘ F_RESYNC

‘ REG_MAP

‘ CRC_ERR

‘ CRC_TYPE ‘ RESET WLENGTH[1:0]

R-0b

R-0b

R-0b

R-0b

R-0b R-1b R-01b

7

6

5

4

3 2 1 0

FUSE_FAIL

‘ SEC_FAIL

RESERVED DRDYO0

R-0b

R-1b

R-00000b R-0b

Table 8-14. STATUS Register Field Descriptions

Bit

Field

Type

Reset

Description

15

LOCK

R

0b

SPl interface lock indicator

Indicates the SPI interface is locked by the lock command. The bit is reset to Ob by the
unlock command.

Ob = Unlocked

1b = Locked

14

F_RESYNC

Ob

ADC resynchronization indicator

This bit is set each time the ADC resynchronizes. This bit is cleared by reading the STATUS
register, either by executing the NULL command or a RREG command accessing the
STATUS register.

0b = No resynchronization occurred

1b = Resynchronization occurred

13

REG_MAP

Ob

Register map CRC fault indicator

Indicates a register map CRC fault occurred. This bit is cleared by reading the STATUS
register, either by executing the NULL command or a RREG command accessing the
STATUS register.

0b = No register map CRC fault occurred

1b = Register map CRC fault occurred

12

CRC_ERR

Ob

SPI input CRC error indicator

Indicates a SPI input CRC fault occurred. This bit is cleared by reading the STATUS register,
either by executing the NULL command or a RREG command accessing the STATUS
register.

0Ob = No CRC error

1b = Input CRC error occurred

CRC_TYPE

Ob

CRC type indicator

Indicates the CRC type. This bit is cleared by a device reset.
Ob = 16-bit CCITT

1b = 16-bit ANSI

10

RESET

1b

Reset status indicator

The device reset indicator is triggered by the RESET pin, power-on-reset or the RESET
command. This bit is cleared by writing Ob to the RESET bit in the MODE register.

Ob = Not reset

1b = Reset occurred

9:8

WLENGTH[1:0]

01b

Data word length indicator

Indicates the data word frame length. This bit is cleared by a device reset.
00b = 16 bit

01b = 24 bits

10b = 32 bits; zero padding

11b = 32 bits; MSB sign extension

FUSE_FAIL

Ob

Fuse parity fault indicator

Indicates a fault of the internal memory. This bit is cleared by reading the STATUS register,
either by executing the NULL command or a RREG command accessing the STATUS
register. If the physical fault persists, the indicator is set again automatically.

Ob = Fuse parity OK

1b = Fuse parity not OK

SEC_FAIL

1b

High-side supply fault indicator

Indicates a fault of the high-side output of the DC/DC converter, or a communication error
during the data transmission across the isolation barrier. This bit is cleared by reading the
STATUS register, either by executing the NULL command or a RREG command accessing
the STATUS register.

0b = High-side supply OK

1b = High-side supply not OK

5:1

RESERVED

00000b

Reserved
Always reads 00000b

DRDYO0

Ob

Channel 0 ADC data available indicator
Ob = No new data available
1b = New data are available
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8.6.3 MODE Register (Address = 02h) [Reset = 0510h]

Return to the Summary Table.

Figure 8-30. MODE Register

15 14 13 12 11 10 9 8
RESERVED ‘ REG_CRC_EN ‘ RX_CRC_EN ‘ CRC_TYPE ‘ RESET ‘ WLENGTH[1:0]
R/W-00b R/W-0b R/W-0b R/W-0b R/W-1b R/W-01b
7 6 5 4 3 2 1 0
RESERVED ‘ TIMEOUT ’ RESERVED ‘ DRDY_HiZ DRDY_FMT
R/W-000b R/W-1b R/W-00b R/W-0b R/W-0b
Table 8-15. MODE Register Field Descriptions
Bit Field Type Reset Description
15:14 RESERVED R/W 00b Reserved

Always write 00b

13 REG_CRC_EN R/W Ob Register map CRC enable
Ob = Disabled
1b = Enabled

12 RX_CRC_EN RIW 0Ob SPI input CRC enable
Ob = Disabled
1b = Enabled

1 CRC_TYPE R/W Ob SPI input and output, register map CRC type
0b = 16-bit CCITT
1b = 16-bit ANSI

10 RESET R/W 1b Reset
Write Ob to clear the RESET bit in the STATUS register
0b = No reset
1b = Reset occurred

9:8 WLENGTHI[1:0] R/W 01b Data word length selection
00b = 16 bits
01b = 24 bits
10b = 32 bits; LSB zero padding
11b = 32 bits; MSB sign extension

7:5 RESERVED R/W 000b Reserved
Always write 000b

4 TIMEOUT R/W 1b SPI timeout enable
Ob = Disabled
1b = Enabled

3:2 RESERVED R/W 00b Reserved
Always write 00b

1 DRDY_HiZ R/W Ob DRDY pin state when conversion data are not available
0b = Logic high
1b = High impedance

0 DRDY_FMT R/W 0Ob DRDY signal format when conversion data are available
0b = Logic low
1b = Low pulse with a fixed duration
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8.6.4 CLOCK Register (Address = 03h) [Reset = 010Eh]

Return to the Summary Table.

Figure 8-31. CLOCK Register

12 1"

RESERVED

CHO_EN

R/W-0000000b

R/W-1b

4 3

CLK_DIV[1:0] ‘

TURBO

‘ OSR[2:0]

‘ PWR1:0]

R/W-00b

R/W-0b

R/W-011b

R/W-10b

Table 8-16. CLOCK Register Field Descriptions

Bit Field

Type

Reset Description

15:9 RESERVED

R/W

0000000b Reserved

Always write 000000b

8 CHO_EN

RW

1b Channel 0 ADC enable
Ob = Disabled
1b = Enabled

7:6 CLK_DIV[1:0]

R/W

00b Clock divider ratio selection
00b = Divide by 2

01b = Divide by 4

10b = Divide by 8

11b = Divide by 12

5 TURBO

R/W

Ob Turbo mode (OSR = 64)

bit is set to 1b.
Ob = Disabled
1b = Enabled

Selects oversampling ratio 64 by setting this bit to 1b. The OSR[2:0] bits are ignored if this

4:2 OSR[2:0]

R/W

011b
000b = 128
001b = 256
010b =512
011b = 1024
100b = 2048
101b = 4096
110b = 8192
111b = 16384

Modulator oversampling ratio selection

1.0 PWRI[1:0]

R/W

10b Power mode selection

01b = Low power
10b = High resolution

00b = Reserved. Do not use.

11b = Reserved. Do not use.
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8.6.5 GAIN Register (Address = 04h) [Reset = 0000h]

Return to the Summary Table.

Figure 8-32. GAIN Register

13 12 1 10 9 8
RESERVED
R/W-00000000b
7 6 5 4 3 2 1 0
RESERVED ‘ PGAGAINO[2:0]
R/W-00000b R/W-000b
Table 8-17. GAIN Register Field Descriptions
Bit Field Type Reset Description
15:8 RESERVED RW 00000000b Always write 00000000b
7:3 RESERVED RW 00000b Always write 00000b
2:0 PGAGAINO[2:0] R/W 000b PGA gain selection for channel 0
000b =1
001b =2
010b =4
011b=8
100b = 16
101b = 32
110b = 64
111b =128
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8.6.6 CFG Register (Address = 06h) [Reset = 0600h]

Return to the Summary Table.

Figure 8-33. CFG Register

15 14 13 12 11 10 9 8
RESERVED ‘ GPO_EN ‘ GPO_DAT ‘ GC_DLY[3:0] GC_EN
RIW-0b RIW-0b RIW-0b RIW-0011b RIW-0b
7 6 5 4 3 2 1 0
RESERVED

R/W-00000000b

Table 8-18. CFG Register Field Descriptions

Bit Field Type Reset Description
15 RESERVED R/W Ob Reserved
Always write Ob
14 GPO_EN R/W Ob Digital output enable

Enables digital output (GPO) functionality at AIN2P pin.
Ob = Digital output disabled
1b = Digital output enabled

13 GPO_DAT RW Ob Digital output data

Digital output (GPO) data if GPO_EN = 1b.
0b = Zero output

1b = One output

12:9 GC_DLY[3:0] R/W 0011b Global-chop delay selection
Delay in modulator clock periods before measurement begins.
0000b = 2

0001b =4

0010b =8

0011b =16

0100b = 32

0101b = 64

0110b = 128

0111b = 256

1000b = 512

1001b = 1024

1010b = 2048

1011b = 4096

1100b = 8192

1101b = 16384

1110b = 32768

1111b = 65536

8 GC_EN R/W Ob Global-chop enable
Ob = Disabled
1b = Enabled
7:0 RESERVED RW 00000000b Reserved

Always write 00000000b
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8.6.7 CHO_CFG Register (Address = 09h) [Reset = 0000h]

Return to the Summary Table.

Figure 8-34. CHO_CFG Register

12

1" 10

RESERVED

R/W-00000000b

RESERVED

MUXO0[1:0]

R/W-000000b

R/W-00b

Table 8-19. CHO_CFG Register Field Descriptions

Bit Field Type Reset Description
15:8 RESERVED RW 00000000b Reserved

Always write 000000000b
7:2 RESERVED RW 000000b Reserved

Always write 0000000b
1:0 MUXO0[1:0] R/W 00b Channel 0 input selection

Input multiplexer for channel 0

00b = AINOP and AINON

01b = AINO disconnected (ADC inputs shorted)
10b = DC diagnostic signal

11b = AC diagnostic signal
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8.6.8 CHO_OCAL_MSB Register (Address = 0Ah) [Reset = 0000h]

Return to the Summary Table.

Figure 8-35. CHO_OCAL_MSB Register

15 14 13 12 1 10 9 8
OCALO_MSBI[15:0]
R/W-0000000000000000b
7 6 5 4 3 2 1 0
OCALO_MSBI[15:0]
R/W-0000000000000000b

Table 8-20. CHO_OCAL_MSB Register Field Descriptions

Bit Field Type Reset Description
15:0 OCALO_MSB[15:0] R/W 0000000000000 | Channel 0 offset calibration register bits [23:8]
000b Value provided in twos complement format.
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8.6.9 CHO_OCAL_LSB Register (Address = 0Bh) [Reset = 0000h]

Return to the Summary Table.

Figure 8-36. CHO_OCAL_LSB Register

15 14 13 12 1 10 9 8
OCALO_LSB[7:0]
R/W-00000000b
7 6 5 4 3 2 1 0
RESERVED
R-00000000b
Table 8-21. CHO_OCAL_LSB Register Field Descriptions
Bit Field Type Reset Description
15:8 OCALO_LSBJ[7:0] R/W 00000000b Channel 0 offset calibration register bits [7:0]
Value provided in twos complement format.
7:0 RESERVED R 00000000b Reserved
Always reads 00000000b
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8.6.10 CHO_GCAL_MSB Register (Address = 0Ch) [Reset = 8000h]

Return to the Summary Table.

Figure 8-37. CHO_GCAL_MSB Register
15 14 13 12 11 10 9 8
GCALO_MSB[15:0]
R/W-1000000000000000b

7 6 5 4 8 2 1 0
GCALO_MSBJ[15:0]
R/W-1000000000000000b

Table 8-22. CHO_GCAL_MSB Register Field Descriptions

Bit Field Type Reset Description
15:0 GCALO_MSB[15:0] R/W 1000000000000 | Channel 0 gain calibration register bits [23:8]
000b Unsigned number for the gain range from 0.0 to 2.0 x (224 — 1) / 224
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8.6.11 CHO_GCAL_LSB Register (Address = 0Dh) [Reset = 0000h]

Return to the Summary Table.

Figure 8-38. CHO_GCAL_LSB Register

15 14 13 12 1 10 9 8
GCALO_LSB[7:0]
R/W-00000000b
7 6 5 4 3 2 1 0
RESERVED
R-00000000b

Table 8-23. CHO_GCAL_LSB Register Field Descriptions

Bit Field Type Reset Description
15:8 GCALO_LSBJ[7:0] R/W 00000000b Channel 0 gain calibration register bits [7:0]

Unsigned number for the gain range from 0.0 to 2.0 x (224 — 1) / 224
7:0 RESERVED R 00000000b Reserved

Always reads 00000000b
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8.6.12 DCDC_CTRL Register (Address = 31h) [Reset = 0000h]

Return to the Summary Table.

Figure 8-39. DCDC_CTRL Register

12

1" 10 9 8

RESERVED

DCDC_FREQ[3:0]

R/W-0000b

R/W-0000b

4

3 2 1 0

RESERVED

DCDC_EN

R/W-0000000b

R/W-0b

Table 8-24. DCDC_CTRL Register Field Descriptions

Bit Field

Type

Reset

Description

15:12 RESERVED

R/W

0000b

Reserved
Always write 0000b

11:8 DCDC_FREQ[3:0]

RW

0000b

DC/DC frequency range selection
Selects the range of the modulator clock frequency, based on the frequency at the CLKIN
pin and clock divider ratio.

0000b = 3.76 MHz to 4.10 MHz
0001b = 3.52 MHz to 3.84 MHz
0010b = 3.30 MHz to 3.59 MHz
0011b = 3.09 MHz to 3.36 MHz
0100b = 2.89 MHz to 3.15 MHz
0101b = 2.71 MHz to 2.95 MHz
0110b = 2.53 MHz to 2.76 MHz
0111b = 2.37 MHz to 2.59 MHz
1000b = 2.22 MHz to 2.42 MHz
1001b = 2.08 MHz to 2.27 MHz
1010b = 1.95 MHz to 2.12 MHz
1011b = 1.82 MHz to 1.99 MHz
1100b = 1.71 MHz to 1.86 MHz
1101b = 1.60 MHz to 1.74 MHz
1110b = 1.50 MHz to 1.63 MHz
1111b = 1.40 MHz to 1.53 MHz

71 RESERVED

R/W

0000000b

Reserved
Always write 0000000b

0 DCDC_EN

R/W

Ob

DC/DC enable

Enables the integrated DC/DC converter.
Ob = Disabled

1b = Enabled
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8.6.13 REGMAP_CRC Register (Address = 3Eh) [Reset = 0000h]

Return to the Summary Table.

Figure 8-40. REGMAP_CRC Register
15 14 13 12 11 10 9 8
REG_CRC[15:0]
R-0000000000000000b

7 6 5 4 8 2 1 0
REG_CRCJ[15:0]
R-0000000000000000b

Table 8-25. REGMAP_CRC Register Field Descriptions

Bit Field Type Reset Description
15:0 REG_CRCJ[15:0] R 0000000000000 | Register map CRC value
000b
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9 Application and Implementation

Note

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

9.1 Application Information
9.1.1 Unused Inputs and Outputs

Leave any unused analog inputs floating or connected to HGND.

Do not float unused digital inputs because excessive power-supply leakage current can result. Tie all unused
digital inputs to the appropriate levels, DVDD or DGND. Leave the DRDY pin unconnected if unused.

9.1.2 Antialiasing

An analog low-pass filter is required in front the ADC input to prevent out-of-band noise and interference from
coupling into the band of interest. Because the AMC131MO01 is a delta-sigma ADC, the integrated digital filter
provides substantial attenuation for frequencies outside of the band of interest up to the frequencies adjacent
to fyop. Therefore, a single-order RC filter provides sufficient antialiasing protection in the vast majority of
applications.

Choosing the values of the resistor and capacitor depends on the desired cutoff frequency, limiting source
impedance for the ADC inputs, and providing enough instantaneous charge to the ADC input sampling circuit
through the filter capacitor. Figure 9-1 shows the recommended filter component values.

50 Q

I To ADC

4.7 nF

Inputs

50 Q

Figure 9-1. Recommended Antialiasing Circuitry

9.1.3 Minimum Interface Connections

Figure 9-2 illustrates how the AMC131MO01 can be configured for the minimum number of interface pins. This
configuration is useful when using data isolation to minimize the number of isolation channels required or when
the microcontroller (MCU) pins are limited.

The CLKIN pin requires an LVCMOS clock that can be either generated by the MCU or created using a
local LVCMOS output device. Tie the SYNC/RESET pin to DVDD in hardware if unused. The DRDY pin can
be left floating if unused. Connect either SYNC/RESET or DRDY to the MCU to make sure the MCU stays
synchronized to ADC conversions. If the MCU provides CLKIN, the CLKIN periods can be counted to determine
the sample period rather than forcing synchronization using the SYNC/RESET pin or monitoring the DRDY
pin. Synchronization cannot be regained if a bit error occurs on the clock and samples can be missed if the
SYNC/RESET or DRDY pins are not used. CS can be tied low in hardware if the AMC131MO01 is the only device
on the SPI bus. Make sure the data input and output CRC are enabled and are used to guard against faulty
register reads and writes if CS is tied low permanently.

During a read operation, if CS is tied low permanently, all data words must be extracted from the device, no SPI
word can be skipped.
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Local
Oscillator
Ol

CLKIN
SYNC/RESET
DRDY

Device [ MCU
SCLK

DIN

DouT

— DGND
Figure 9-2. Minimum Connections Required to Operate the AMC131M01
9.1.4 Multiple Device Configuration

Multiple AMC131MO01 devices can be arranged to scale the number of channels for simultaneous data
acquisition. The same clock must be provided to all devices and the SYNC/RESET pins must be strobed
simultaneously at least one time to align the sample periods internally between devices.

The devices can also share the SPI bus where only the CS pins for each device are unique. Each device can
be addressed sequentially by asserting CS for the device that the host wishes to communicate with. The DOUT
pin remains high impedance when the CS pin is high, allowing the DOUT lines to be shared between devices as
long as no two devices sharing the bus simultaneously have the CS pins low. Figure 9-3 depicts multiple devices
configured for simultaneous data acquisition while sharing the SPI bus.
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Device 1

'SYNC/RESET GPIO
CLKIN CLKOUT
DRDY »OIRQ
SCLK SCLK

DIN PICO
DOUT »Q POCI
[ TS1
'CS2

A A

A A

MCU

A

Device 2 Csn
‘SYNC/RESET
CLKIN

DRDY

SCLK

DIN

DOUT

CcsS

Device n

SYNC/RESET
CLKIN
DRDY

SCLK
DIN
DOUT
CS O«

Figure 9-3. Multiple Device Configuration

9.1.5 Calibration

Certain signal chain errors can be corrected through a single room-temperature calibration. The AMC131M01
can store calibration values and uses the values to correct the results in real time. Among the errors that can be
corrected in real time with the AMC131MO01 are offset error and gain error.

Offset calibration is performed by determining the measured output of the signal chain when the input is zero
voltage for a voltage measurement or zero current for a current measurement. The ADC conversion result
for zero input can be measured and recorded in external nonvolatile memory. When the system is deployed,
these values can be provided to the CHO_OCAL_MSB and CHO_OCAL_LSB registers. The AMC131MO01 then
subtracts these values from the conversion results prior to providing them to the host.

Similar to offset error correction, system gain error can be determined prior to deployment and can be used to
correct the gain error in real time. Gain error is defined as the percentage difference in the ADC transfer function
from the PGA gain corrected ideal value of 1. This error can be determined by measuring the results from both a
maximum and minimum input signal, finding the difference between these results, and dividing by the difference
between the ideal difference. Equation 11 describes how to calculate gain error.

V,| Max,Measured ~— V’I Min,Measured
Vil Max = Vil i (11)

Gain Error =1 -

To correct for gain error, divide each offset-corrected conversion result by the measured gain. The
AMC131M01 multiplies each conversion result by the gain calibration factor stored in the CHn_GCAL_MSB

64 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: AMC131MO01


https://www.ti.com/product/AMC131M01
https://www.ti.com/lit/pdf/SBASA57
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SBASA57&partnum=AMC131M01
https://www.ti.com/product/amc131m01?qgpn=amc131m01

13 TEXAS
INSTRUMENTS

www.ti.com

AMC131M01
SBASA57 — SEPTEMBER 2023

and CHn_GCAL_LSB registers according to the method described in the Calibration Registers section. The host
can program the measured inverted gain values into these registers to have them automatically corrected for

each sample.

9.1.6 Troubleshooting

Table 9-1 lists common issues faced when designing with the AMC131M01 and the corresponding solutions.

This list is not comprehensive.

Table 9-1. Troubleshooting Common Issues Using the AMC131M01

ISSUE

POSSIBLE ROOT CAUSE

POSSIBLE SOLUTION

The DRDY pin is toggling at half the expected
frequency.

The DRDY_FMT bit is set to 1b and ADC
conversion data are not being read. The
updates of the conversion data in the FIFO
buffer drive the DRDY pin. If the host does
not read the conversion data, the data in
the FIFO buffer are updated every other
conversion. This update causes the DRDY
pin to toggle at half the output data rate.
See the ADC Output Buffer and FIFO Buffer
section for a detailed explanation.

Read data after each DRDY falling edge
following the recommendations given in the
Collecting Data for the First Time or After a
Pause in Data Collection section.

The F_RESYNC bit is set in the STATUS
word even though this bit was already
cleared.

The SYNC/RESET pin is being toggled
asynchronously to CLKIN.

The SYNC/RESET pin functions as a
constant synchronization check, rather than
a convert start pin. See the Synchronization
section for more details on the intended
usage of the SYNC/RESET pin.

The same ADC conversion data are output
multiple times before changing.

The ADC does not recognize the data as
being read because not all ADC channel data
are read by the host.

Read all data words in the output data
frame, including those for channels that are
disabled.

The SEC_FAIL bit in the STATUS register is
set, even if the power on the secondary side
appears to be stable, for example after an
SPI write operation.

Writing data to any of the ADC configuration
registers on the high side also sets the
SEC_FAIL bit until the transmission over the
isolation barrier is complete.

Read the SEC_FAIL bit in the STATUS
register repeatedly until the bit is cleared to
Ob, before reading ADC conversion data.
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9.2 Typical Application

This section describes a typical three-phase energy measurement front-end using the AMC131MO01. The ADC
samples the outputs of resistive current sensors (shunts) to measure the current of each leg of the AC mains.
The design can achieve high accuracy across a wide input current range (0.05 A-100 A) and supports high
sampling frequencies necessary for advanced power-quality features, such as individual harmonic analysis.
Using the AMC131MO01 to sample the currents per phase provides designers greater flexibility in the choice
of metrology microcontrollers (MCU) when compared to an integrated system-on-a-chip (SoC) and dedicated
application-specific products.

Figure 9-4 illustrates the front-end for a three-phase energy measurement design. In this design, one
AMC131MO01 per phase measures the current for this respective phase, providing galvanic isolation from phase
to phase. This isolation is critical because the voltage level in a typical case can be in the order of 220 V on one
phase and —220 V at another phase. If only one ADC for multiple phases is used, a voltage difference in the
order of 440 V between two adjacent ADC inputs can appear, potentially destroying the device.

The measurement of each phase voltage is implemented either using the on-board ADCs of the MCU as shown
in Figure 9-4, or a discrete, multichannel, non-isolated ADC. The high voltage from the individual phase is scaled
down using a resistive divider for each voltage measurement.

RC antialiasing filters are not given in Figure 9-4 for simplicity, but are recommended for all channels.

The microcontroller uses the SPI port to communicate with the three ADC devices, and provides a clock to all
ADC devices at the respective CLKIN pins. Three of the microcontroller 1/0 pins (CS_A, CS_B, and CS_C)
generate the SPI CS signals. The SCLK, DIN, and DOUT connections are shared between all ADC devices. To
simplify the figure, these connections are not shown in detail.
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Figure 9-4. 3-Phase Metrology Design Front-End Using the AMC131MO01
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9.2.1 Design Requirements

Table 9-2 lists the design requirements for a three-phase metrology application.

Table 9-2. Key System Specifications

FEATURES DESCRIPTION
Number of phases 3 phase (requires measurement of three voltages and three currents)
E-meter accuracy class Class 0.1
Current sensor Shunt resistor
Current range 0.05 A-100 A

System nominal frequency

50 Hz or 60 Hz

Measured parameters

Power factor
Line frequency

Active, reactive, apparent power, and energy
Root-mean-square (RMS) current and voltage

9.2.2 Detailed Design Procedure

Figure 9-5 illustrates phase A of a three-phase energy meter. The other AMC131MO01 devices that monitor
phases B and C are connected in a similar way. The phase A current, IsyynT, is sensed with a shunt resistor
(Rsnunt) using channel 0 of the ADC (AINON, AINOP). One terminal of the shunt becomes the isolated
ground ISO_GND of the circuit and is connected to the ground pin HGND (pin 5) of the isolated side of the

AMC131MO01.

The selection of the shunt resistor value is made based on the manufacturer and current range required for

energy measurements.

The measurement of the mains voltage is not shown in Figure 9-5. This voltage measurement is typically
implemented by sensing each individual phase voltage with a resistor divider connected to a non-isolated
multichannel ADC. This multichannel ADC can be implemented as a discrete component, or using the onboard

ADC of the MCU if available.

In this design, the AMC131MO01 interacts with an MCU in the following manner:

*  The MCU provides the CLKIN clock to the AMC131M01

*  When new ADC conversion data are ready, the AMC131M01 asserts the DRDY pin, which alerts the MCU

that new samples are available

» After being alerted of new conversion data, the MCU retrieves the current samples from the AMC131MO01

through the SPI interface
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Figure 9-5. Current Sensing With the AMC131M01

9.2.2.1 Current Shunt Measurement

Figure 9-5 shows the analog front-end used for current measurement at the ADC channel 0, which consists of
the shunt resistor Rgyynt and an RC low-pass antialiasing filter (Rg .t and Cgy. 7).

For a shunt value of 200 uQ and a maximum current of Iyax = 100 A, the maximum voltage drop across the
shunt is Vspyunt = Rspunt * Imax = 200 pQ x £100 A = £20 mV.

To measure this shunt voltage, configure channel 0 of the AMC131MO01 for gain = 32, which allows differential
voltage measurements of V|y1 = Vanip — Vainin = EVRer / 8 = £1.2 V / 32 = £37.5 mV. The integrated charge
pump in the device allows voltage measurements 1.3 V below HGND while using a unipolar analog power
supply. This bipolar voltage measurement capability is important because one side of the shunt is connected to
the same ISO_GND potential as the HGND pin of the AMC131MO01, which means that the absolute voltage that
the device must measure during the current measurement is up to 37.5 mV below HGND.

9.2.3 Application Curves

Electromagnetic interference (EMI) testing is common in many applications using the AMC131MO01 to verify the
system does not produce radiated emissions that exceed the defined levels that can possibly negatively impact
other components or circuits in the system. See the Understanding electromagnetic compliance tests in digital
isolators white paper for a more in-depth description of EMI. The magnitude of acceptable radiation and testing
procedure for radiated emissions is put in place by the Comité International Spécial des Perturbations Radio,
also known as CISPR. Industrial applications measure according to the CISPR 11 standard, and automotive
applications measure to the CISPR 25 standard. For more information on the CISPR standards and the
respective magnitudes over frequency, see the An overview of radiated EMI specifications for power supplies
white paper.

Figure 9-6 and Figure 9-7 show the radiated emissions measurement for the AMC131M01 using the evaluation
module available at AMC131MO3EVM.

The measurements were done following CISPR 11 requirements, that is in a in a semi-anechoic chamber using
a broadband antenna configured for horizontal and vertical polarizations with a 3-meter distance. The ADC is
receiving a continuous clock at the CLKIN pin, and is generating conversion results, however there is no SPI
communication while the emission profile is characterized.
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9.3 Power Supply Recommendations

The AMC131MO01 is powered from the low-side power supply (DVDD) with a nominal value of 3.3 V (or 5 V)
10%. Place a low-ESR decoupling capacitor of 1 nF (C15 in Figure 9-8) as close as possible to the DVDD pin,
followed by a 1-yF capacitor (C16) to filter this power-supply path.

The low-side power supply (DVDD) is the only external supply required to operate the AMC131MO01. All internal
voltage supplies and secondary (high-side) supplies are generated by the integrated DC/DC converter and the
high-side LDO, such as the supply voltage at the output pins, DCDC_OUT and HLDO_OUT.

The primary-side of the DC/DC converter is decoupled with a low-ESR, 100-nF capacitor (C17) positioned close
to the device between the DCDC_CAP and DGND pins. Use a 1-uF capacitor (C6) to decouple the high-side in
addition to a low-ESR, 1-nF capacitor (C1) placed as close as possible to the device and connected between the
DCDC_OUT and DCDC_HGND pins.

For improved EMI performance, place a ferrite bead between the DCDC_OUT and HLDO_IN pins (F1) and the
DCDC_HGND and HGND pins (F2), respectively.

For the high-side LDO, use low-ESR capacitors of 1 nF (C11) placed as close as possible to the AMC131MO01,
followed by a 100-nF decoupling capacitor (C13) between the HLDO_OUT and HGND pins.

The ground reference for the high-side (HGND) is derived from the terminal of the shunt resistor that is
connected to the negative input (AINON) of the device. For best DC accuracy, use a separate trace to make
this connection instead of shorting HGND to AINON directly at the device input.

Ferrite c6 c1 Cc15 Cc16 Low side supply
F1 1uF 1nF DCDC_OUT L DVDD 1nF 1pF 3.0 Voto 55V
[
y [ Resonator and
Ferite 0 T T DCDC_HGND Rectifier } ! }{ Driver Lpo DGND
F2 * [
HLDO, INT } } 4 o R19
. _ I GND
O i DCDC_CAP 100 kQ
100nF 1nF  HLDO_OUT Lbo o o
T Il 100 nF § R32
— [
T HGND b 100 kQ
- Clock CLKIN
c24  c10 |l e )
100nF  1nF — T Generation from uC R18
— 5|
) ISO GND ig} 100 kQ
% GPO En Ri5
B ] 100 kQ
18! SYNC/RESET
NC =1
} } from uC
2 NC T2V ] 1 =
>—{ ho Reference| | |
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4990 . Serial DIN rom u
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2 L co ATADC [ 1 Offset >
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R9 I DRDY
4990 } } touC
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[
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Figure 9-8. Power Supply Decoupling the AMC131M01

Capacitors must provide adequate effective capacitance under the applicable DC bias conditions they
experience in the application. MLCC capacitors typically exhibit only a fraction of the nominal capacitance under
real-world conditions and this factor must be taken into consideration when selecting these capacitors. This
problem is especially acute in low-profile capacitors, in which the dielectric field strength is higher than in taller
components. Reputable capacitor manufacturers provide capacitance versus DC bias curves that greatly simplify
component selection.

Table 9-3 lists components suitable for use with the AMC131MO01. This list is not exhaustive. Other components
can exist that are equally suitable (or better), however these listed components have been validated during the
development of the AMC131MO01.
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Table 9-3. Recommended External Components

COMP DESCRIPTION PART NUMBER MANUFACTURER \ SIZE (EIA, L x W)
DVDD

C15 1 nF £ 10%, X7R, 50 V 12065C102KAT2A AVX 1206, 3.2 mm x 1.6 mm
C16 1 uF £ 10%, X7R, 25 V 12063C105KAT2A AVX 1206, 3.2 mm x 1.6 mm
DC/DC CONVERTER

c17 100 nF + 10%, X7R, 50 V C0603C104K5RACAUTO Kemet 0603, 1.6 mm x 0.8 mm
C1 1 nF £ 10%, X7R, 50 V C0603C102K5RACTU Kemet 0603, 1.6 mm x 0.8 mm
C6 1 UF £ 10%, X7R, 25 V CGA3E1X7R1E105K080AC TDK 0603, 1.6 mm x 0.8 mm
F1, F2 Ferrite bead 74269244182 Wurth Elektronik 0402, 1.0 mm x 0.5 mm
HLDO

C24 100 nF + 10%, X7R, 50 V C0603C104K5RACAUTO Kemet 0603, 1.6 mm x 0.8 mm
c10 1 nF £ 10%, X7R, 50 V 12065C102KAT2A AVX 1206, 3.2 mm x 1.6 mm
C13 100 nF + 5%, NP0, 50 V C3216NPO1H104J160AA TDK 1206, 3.2 mm x 1.6 mm
cn 1 nF £ 10%, X7R, 50 V 12065C102KAT2A AVX 1206, 3.2 mm x 1.6 mm
9.4 Layout

9.4.1 Layout Guidelines

Figure 9-9 illustrates a layout recommendation with the critical placement of the decoupling capacitors. The
same component reference designators are used as in the Power Supply Recommendations section.

For best EMI performance, do not dedicate a ground plane on the high-side, but connect the ground reference
for the high-side (HGND) using individual traces as illustrated in Figure 9-9.

Route digital traces away from all analog inputs and associated components to minimize interference.

Use COG capacitors on the analog inputs. Use ceramic capacitors (for example, X7R grade) for the power-
supply decoupling capacitors. High-K capacitors (Y5V) are not recommended. Place the required capacitors as
close as possible to the device pins using short, direct traces. For optimum performance, use low-impedance
connections on the ground-side connections of the bypass capacitors.

When applying an external clock, make sure the clock is free of overshoot and glitches. A source-termination
resistor placed at the clock buffer often helps reduce overshoot. Glitches present on the clock input can lead to
noise within the conversion data.
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9.4.2 Layout Example

Figure 9-9 shows an example layout of the AMC131MO01 requiring a minimum of two PCB layers. In general,
analog and digital signals for the primary (low) side are partitioned to the right and analog and digital signals for

the secondary (high) side are on the left.

Place ferrites
Close to the device

to improve EMI
Via to corresponding performance.
voltage plane or pour
Clearance area, to be
Via kept free of any conductive
material.
- Top Metal
Inner or Bottom
Layer Metal
Place smaller decoupling
caps closest to the
device.
Tl Device

Differential RC-filter
for input channel.

Keep layout of
shunt connections  Channel 0
symmetrical.

RSHUNT

Place bypass |
capacitor directly
across ADC inputs.

Use separate trace for HGND
connection to shunt terminal.

Figure 9-9. Layout Example
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10 Device and Documentation Support
10.1 Documentation Support
10.1.1 Related Documentation

For related documentation see the following:

« Texas Instruments, TIDA-010243 Cost-Effective, 3-Phase CT Electricity Meter Reference Design Using
Standalone ADC design guide

« Texas Instruments, TIDA-010036 One-phase shunt electricity meter reference design using standalone ADCs
design guide

« Texas Instruments, TIDA-010037 High accuracy split-phase CT electricity meter reference design using
standalone ADCs design guide

» Texas Instruments, Isolated Voltage-Measurement Circuit With £250-mV Input and Differential Output
application note

10.2 Receiving Notification of Documentation Updates

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

10.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

10.4 Trademarks
TI E2E™ is a trademark of Texas Instruments.
All trademarks are the property of their respective owners.

10.5 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

\ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

10.6 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

11 Mechanical, Packaging, and Orderable Information

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

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)
AMC131MO1DFMR ACTIVE SOIC DFM 20 850 ROHS & Green NIPDAU Level-3-260C-168 HR ~ -40 to 125 AMC131M01

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

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

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

OBSOLETE: Tl has discontinued the production of the device.

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

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

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

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

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

© Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O 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
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
AMC131MO1DFMR SolIC DFM 20 850 330.0 244 110.85| 134 | 4.0 16.0 | 24.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

AMC131MO01DFMR SOIC DFM 20 850 350.0 350.0 43.0
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PACKAGE OUTLINE
DFM0020A SOIC - 3.55 mm max height

SMALL OUTLINE PACKAGE
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4225640/A 01/2020

NOTES:

-

. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.15 mm per side.

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

. Ref. JEDEC registration MS-013
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EXAMPLE BOARD LAYOUT
DFM0020A SOIC - 3.55 mm max height

SMALL OUTLINE PACKAGE
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LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 8X

SOLDER MASK
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(PREFERRED) SOLDER MASK DETAILS

4225640/A 01/2020

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DFM0020A SOIC - 3.55 mm max height

SMALL OUTLINE PACKAGE
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 8X

4225640/A 01/2020

NOTES: (continued)

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

i3 Texas
INSTRUMENTS
www.ti.com




IMPORTANT NOTICE AND DISCLAIMER

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