'E Ordering & Technical Design & E Support &
6o quality documentation development training
i3 TExAs AMC3311
INSTRUMENTS JAJSPF2A — JUNE 2023 — REVISED AUGUST 2023
AMC3311 DC/DC O »/\— 4% W&k,
SfEE. 2VAH, gy > 7

155K 3=
+ DC/DC my/"—ZNEgOH—ERENE (3.3V F7/=1X AMC3311 1%, T A A —P A RS E—EJR CENE
5V) TEXDLEEMETH DCIDC 22 N\ —2 21 2 12 Bk

o ANAVE—F U AN EWETERE ISR b STz
ANJJEEHIF (2V)

o [EHEZA:1.0

o JNEVDC EE:

A7y R7E +1mV (B K fHE)

F 7y ORYZ R +10uV/°C (e K AE)

FAUFRFE:20.2% (F KE)

A« RUZ 1~ :240ppm/°C (dxe KAH)

FERRIEE - £0.02% (F RAHE)

+ % CMTI:85kV/us (/M)

o AT L LAYL R RE

+  CISPR-11 BXU CISPR-25 EMI }iA% (2 HEHL

o REBEOFERE:
— DINENIEC 60747-17 (VDE 0884-17)
- UL1577 E%Lt%@f%mf £ :4250VRrus (1 5

i)

o PrRPEFEIREEHIPH O
iE :-40°C~+125°C

277V =3y

o OB TOHAF DC &
— E—XELE)
- KBtHEA L N—F

- = "—FEH==>F (PSU)
- DC REAT—Tav

(ZHEHLL

ERITDTZ > TREIARRE

BN

JERafx T 7 T, OB LRI EEAE R NY T, B
G EICHS T2 &<, DIN EN IEC 60747-17
(VDE 0884-17) 331N UL1577 (21> TWAIZ LD FRGIE
R

ZDRfR NI T L, AR DRMEEL L TEET DA
TAnEfJZ% YEEL . ERREEZ A CSED AR DS
BIEA R — X E R FAT T [ REVE N B D EBIENHL
A RELET,

AMC3311 D ASL. BEEDOT > T IZ—RBICfE
HEnsEA e —&/xaﬁﬁwft TSR~ H

WCEE LS N COVET, WEOHF% DC/DC 2o /N —#
WZEDIET TR ERUERE B AT TELT2D, JAXNREL
A=A DD T TV —a  miOME DY =
—arELTUEHTEET, @\ DC RS LRV VR EERY
TN, EREEOEBEBEREGIEE R — N ET,
AMC3311 IZ. VAR -RF 14D 16 > SOIC /v r—
THHE SN IRJE#IPH —40°C~+125°C TCOEENHLE
SNTOET,

Ny =88

Ror— (1)

DWE (SOIC. 16)

Polr— D AKX (2)
10.3mm x 10.3mm

RS
AMC3311

FIRAIHEZR S r =2 DN T, 20T —Z L —hDOREICH
LEXERES L TLEEN,

R lr =D P AR (RE x 18) ITAFETHY., §
vrbhEEnET,

M

(2) S NIRAY R

Low-side supply

AMC3311 (33Vor5V)
]
| DCDC_oUT DCDC_IN
l
DCDC_HGND DCDC_GND
I Isolated Isolated
HLDO_IN Power . Power DIAG > ToMCU (optional)
Voc: NC 5 LDO_OUT
3
| HLDO_ouT ‘ 3 ‘ IVDD
I 5
ov LN\ 0.2V N I =R OUTP L
@ N NN
Voru 2v
- L HGND OUTN T T R ANV AN ADC
] T HGND %GND J
Voo

TV —a>of

BB TIELGIZHOWTOFRATIRUZZOEENT, B O ELHERE T2 B TEEMICIRIEL T O TY, %2 T 2 IERR BB O 5B i

www.ti.com TR C& | ZONERFITEIESIET, TI TIERIROIEMME B L0 4 M

BHROIEEER 2 Z BB ENET IO B WL ET,

IZOEEL UL —UURFEW - L ER A, FEREOREH e E DRINTIL, Zﬂ‘

English Data Sheet: SBASAQS5

§%§ﬂ|


http://www.ti.com/applications/industrial/motor-drives/overview.html
http://www.ti.com/applications/industrial/grid-infrastructure/overview.html
https://www.ti.com/solution/merchant-network-server-psu
https://www.ti.com/solution/dc-charging-pile-station
https://www.ti.com/product/ja-jp/amc3311?qgpn=amc3311
https://www.ti.com/ja-jp/lit/pdf/JAJSPF2
https://www.ti.com/product/ja-jp/AMC3311?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/AMC3311?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/AMC3311?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/AMC3311?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SBASAQ5

I3 TEXAS
AMC3311 INSTRUMENTS
JAJSPF2A — JUNE 2023 — REVISED AUGUST 2023 www.ti.com/ja-jp
Table of Contents
TR e 1 7.1 OVEIVIEW.....oieicee e 19
3 v ) e 1 7.2 Functional Block Diagram............c.ccccooniinninnn. 19
B 1 7.3 Feature Description...........ooocciiieiiiiiiiee e 19
4 ReVISION HIStOTY...........voeoeoeeeeeeeeeeeeeee e 2 7.4 Device Functional Modes..........cccocovveiiiiiiiiecinieenns 22
5 Pin Configuration and Functions................ccccoccvuu...... 3 8 Application and Implementation.................................. 23
6 Specifications __________________________________________________________________ 4 81 App|icati0n |nf0rmati0n ............................................. 23
6.1 Absolute Maximum Ratings.............ocovwereeereerrerrnenn. 4 8.2 Typical Application...........cccoeveiiniiiiniee e 23
6.2 ESD RAUNGS.c...eeveeeeeeeeeeeeeeeeeeeeeseeeeeseeses e seeeeeeenen 4 8.3 Best Design Practices.........cococevviiiiiieeiiiieceecee 27
63 Recommended Operatlng Condltlons _________________________ 4 84 POWGF Supply Recommendat|ons ............................. 27
64 Therma| |nf0rmation ____________________________________________________ 5 85 LayOut ....................................................................... 29
6.5 POWET RALNGS........vveeeeeeeeeeeeeeeeseeeeeseeeeer e eeeeeseenen 5 9 Device and Documentation Support............................ 30
66 |nsu|ation Specifications _____________________________________________ 6 91 DeVice SuppOl‘t ......................................................... 30
6.7 Safety-Related Certifications...............o.coeereererrereenes 8 9.2 DocumentatlonLSupport; ............... e 30
6.8 Safety Limiting Values...........cccooveveveeeeeeeeeeeeeees 8 9.3 R¥ 2 A MO T HEENE ST IS T e 30
6.9 Electrical Characteristics............ccccovveveeeeeeereeeeene 9 9.4 HIR—B UV =R it 30
6.10 Switching Characteristics..........ccccvveeiiieriiiieenee, 10 9.5 Trademarks...........coeeviiieiiei e 30
6.11 Timing Diagram............ccoevevuerieieieieeeriee e 11 9.6 BFEERUNEICBI T AIERE T H e 30
6.12 Insulation Characteristics Curves..............cc.c........ 12 9.7 FHFEZE oo 30
6.13 Typical Characteristics..........cccccveviriiennriiienee, 13 10 Mechanical, Packaging, and Orderable
7 Detailed Description................cccccooiiiiiieiiee e, 19 Information................oo 30
4 Revision History
BRE T RRBOKFITEGET 2R L TWET, ZOUGETREEITIEFERICHEL TOES,
Changes from Revision * (June 2023) to Revision A (August 2023) Page
¢ RX2APDAT —Z G TRAMFERIDPOTEPET —F JITZET s 1

2 Submit Document Feedback

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: AMC3311

English Data Sheet: SBASAQ5


https://www.ti.com/product/ja-jp/amc3311?qgpn=amc3311
https://www.ti.com/ja-jp/lit/pdf/JAJSPF2
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSPF2A&partnum=AMC3311
https://www.ti.com/product/ja-jp/amc3311?qgpn=amc3311
https://www.ti.com/lit/pdf/SBASAQ5

I

TExXAS
INSTRUMENTS

www.ti.com/ja-jp

AMC3311
JAJSPF2A — JUNE 2023 — REVISED AUGUST 2023

5 Pin Configuration and Functions
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& 5-1. DWE Package, 16-Pin SOIC (Top View)

& 5-1. Pin Functions

e P":IAME TYPE DESCRIPTION

1 DCDC_OuT Power High-side output of the isolated DC/DC converter; connect this pin to the HLDO_IN pin.(")

DCDC_HGND | Power ground |High-side ground reference for the isolated DC/DC converter; connect this pin to the HGND pin.
HLDO_IN Power Input of the high-side low-dropout (LDO) regulator; connect this pin to the DCDC_OUT pin.(")
4 NC o No in_ternal connection. Connect this pin to the high-side ground or leave this pin unconnected
(floating).

5 HLDO_OUT Power Output of the high-side LDO.(")

6 IN Analog input | Analog input.

7,8 HGND Signal ground | High-side analog ground; connect both pins to the DCDC_HGND pin.

9 GND Signal ground |Low-side analog ground; connect this pin to the DCDC_GND pin.

10 OUTN Analog output | Inverting analog output.

11 OuUTP Analog output | Noninverting analog output.

12 VDD Power Low-side power supply.(!

13 LDO_OouT Power Output of the low-side LDO; connect this pin to the DCDC_IN pin.(")

| MG | Digteoupu |GEiveloy ot sus eatr ot connect i ot 1 pulp uppy (or o

15 DCDC_GND | Power ground |Low-side ground reference for the isolated DC/DC converter; connect this pin to the GND pin.

16 DCDC_IN Power Low-side input of the isolated DC/DC converter; connect this pin to the LDO_OUT pin.(!)

(1)

See the Power Supply Recommendations section for power-supply decoupling recommendations.
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6 Specifications

6.1 Absolute Maximum Ratings

see ()
MIN MAX| UNIT
Power-supply voltage VDD to GND -0.3 6.5 \%
Analog input voltage IN HGND -6 VHLpo_out + 0.5 \%
Analog output voltage OUTP, OUTN GND -0.5 VDD + 0.5 \Y
Digital output voltage DIAG GND -0.5 6.5 \Y,
Input current Continuous, any pin except power-supply pins -10 10 mA
Temperature Junction, T, 150 -
Storage, Tsyg -65 150

(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

Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") £2000
V(esD) Electrostatic discharge - \%
Charged-device model (CDM), per per ANSI/ESDA/JEDEC JS-0022) £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
VDD Low-side supply voltage VDD to GND 3.0 3.3 5.5 ‘ \%
ANALOG INPUT
Vlipping Input voltage before clipping output IN to HGND 2.516 \Y
VEsr Specified linear full-scale voltage IN to HGND -0.1 2 \Y
ANALOG OUTPUT
Clono Capactive load On OUTP or OUTN to GND 500 oF
OUTP to OUTN 250

RLoap Resistive load On OUTP or OUTN to GND 10 1 kQ
DIGITAL OUTPUT

‘ Pull-up supply-voltage for DIAG pin ‘ 0 VDD ‘ \%
TEMPERATURE RANGE
Ta ‘ Operating ambient temperature ‘ —40 25 125‘ °C
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6.4 Thermal Information

Reyc(boty |Junction-to-case (bottom) thermal resistance

THERMAL METRIC() DWE (Soic) UNIT
16 PINS

Rgya Junction-to-ambient thermal resistance 73.5 °C/W
Rauc(top) |Junction-to-case (top) thermal resistance 31 °C/W
Ress Junction-to-board thermal resistance 44 °C/W
WYr Junction-to-top characterization parameter 16.7 °C/W
Y Junction-to-board characterization parameter 42.8 °C/W
N/A °C/W

M

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

report.

6.5 Power Ratings

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
VDD =55V 236.5

Pp Maximum power dissipation mwW
VDD =3.6 V 155
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6.6 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 > mm
CPG External creepage!(") Shortest pin-to-pin distance across the package surface 2 mm
DTI Distance through insulation :\S/I;rlnar:g:; internal gap (internal clearance - capacitive signal > 21 um
DTI Distance through insulation :\S/I;T;r:grr:; internal gap (internal clearance - transformer power > 120 um
CTI Comparative tracking index DIN EN 60112 (VDE 0303-11); IEC 60112 2600 \%
Material group According to IEC 60664-1 |
Overvoltage category Rated mains voltage = 600 Vrus -1
per IEC 60664-1 Rated mains voltage < 1000 Vgus I-I1
DIN EN IEC 60747-17 (VDE 0884-17)(2)
Viorum ng&‘;}”:‘/gletzggt"’e peak At AC voltage 1700 Vpk
Vioyy | Maximum-rated isolation At AC voltage (sine wave) 1200 VRmS
working voltage At DC voltage 1700 Vpe
Viorm Maximum transient VTesT i Viotm, t =60 s_(qualification test), _ 6000 Vex
isolation voltage V1esT = 1.2 X Viorm, t =15 (100% production test)
Vimp 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
Vod(ini) = Viotw, tini = 60'S, Vpgm) = 1.2 X Viorm, tm = 10's
Method a, after environmental tests subgroup 1, <5
%o Apparent charge(®) Vod(ni) = Viotm tini = 69 3 Ypd(m) =1.6 x Viorwm, tm. =10s oC
Method b1, at preconditioning (type test) and routine test, <5
Vod(ni) = 1.2 X Viotm, tini = 18, Vpgm) = 1.875 X Viorwm, tm =1's
Method b2, at routine test (100% production)(?), <5
Vod(ini) = Vpdm) = 1-2 X Viotm, tini = th =1
Co i'?}?)ﬁﬁgcfuptzi'tt(%{‘ce’ Vio = 0.5 Vpp at 1 MHz ~4.5 pF
Vio =500V at Ty =25°C > 1012
Ro :Qsz't”‘tg°gur;3'ts(§?”ce 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 xIE; : \1/.'20; :/ng?f:(‘j“sayfggf,f';rt:ja)éﬁon tost) 4250 Veus

(1)  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.

(2) This coupler 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.

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

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

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

(6) All pins on each side of the barrier are tied together, creating a two-pin device.
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(7) Either method b1 or b2 is used in production.
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6.7 Safety-Related Certifications

VDE UL
DIN EN IEC 60747-17 (VDE 0884-17),
EN IEC 60747-17 . ”
: Recognized under 1577 component recognition and
DIN EN IEC 62368-1 (VDE 0868-1), CSA component acceptance NO 5 programs.

EN IEC 62368-1,
IEC 62368-1 Clause : 5.4.3;5.4.4.4;5.4.9

Reinforced insulation Single protection

Certificate number: pending File number: pending

6.8 Safety Limiting Values

Safety limiting (') intends to minimize potential damage to the isolation barrier upon failure of input or output circuitry. A failure
of the I/O can allow low resistance to ground or the supply and, without current limiting, dissipate sufficient power to over-
heat the die and damage the isolation barrier potentially leading to secondary system failures.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

Reya = 73.5°C/W, VDD =55V, 309
T,=150°C, Tp =25°C

Is Safety input, output, or supply current mA
Reya = 73.5°C/W, VDD = 3.6 V, 472
T,=150°C, Tp =25°C

. Reya = 73.5°C/W,
Ps Safety input, output, or total power T,=150°C, T = 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, Rgja, in the Thermal Information table 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 = lg X VDDyax, Where VDD 54 is the maximum low-side voltage.
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6.9 Electrical Characteristics
minimum and maximum specifications apply from Tp = —40°C to +125°C, VDD =3.0Vto5.5V,andIN=-0.1Vto 2V,

typical specifications are at Tp = 25°C, and VDD = 3.3 V (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
ANALOG INPUT
Rin Input resistance Tpa=25°C 1 GQ
lis Input bias current IN =HGND, Ty =25°C -15 3.5 15 nA
TClig Input bias current drift(") +12 pA/°C
Cin Input capacitance fin = 275 kHz 7 pF
ANALOG OUTPUT
Nominal gain 1 VIV
VeMout Common-mode output voltage 1.39 1.44 1.49 \%
Vel ipout Clipping differential output voltage Vour = (Voute =~ Vourn); 2.49 Y
VIN > Vciipping
Vout = (Voute — Voutn);
VeaLsare | Failsafe differential output voltage Vbepc_out < Vbepcuvs OF -2.6 -2.5 \%
VHLpo_out < VHLDOUV
BW Output bandwidth 220 275 kHz
Rout Output resistance On OUTP or OUTN 0.2 Q
On OUTP or OUTN, sourcing or
Output short-circuit current sinking, IN = HGND, outputs shorted 14 mA
to either GND or VDD
CMTI Common-mode transient immunity 85 135 kV/us
ACCURACY
Vos Input offset voltage(!) (2) Ta =25°C, IN = HGND —1 £0.1 1 mV
TCVos Input offset thermal drift(1) (2) (4) -10 +3 10 pv/°C
Eg Gain error Ta=25°C -0.2% +0.05% 0.2%
TCEg Gain error drift(") () -40 +5 40| ppm/°C
Nonlinearity —-0.02% +0.01% 0.02%
Nonlinearity thermal drift 1 ppm/°C
VIN=2Vpp, ViN>0V,
fin = 1 kHz, BW = 10 kHz, 75.5 78.4
10 kHz filter
SNR Signal-to-noise ratio dB
VIN=2Vpp, VN> 0V,
fiy = 10 kHz, BW = 100 kHz, 67.5
1 MHz filter
s . ViN=2Vpp, VN> 0V,
3) IN IN .
THD Total harmonic distortion fi = 10 kHz, BW = 100 kHz 80.6 dB
Output noise IN = HGND, BW = 100 kHz 250 MVRMs
VDD from 3.0 Vto 5.5V, at DC -85
PSRR Power-supply rejection ratio(?) U“ = HGND, VDD from 3.0V to 5.5 70 dB
10-kHz, 100-mV ripple
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6.9 Electrical Characteristics (continued)

minimum and maximum specifications apply from Tp = —40°C to +125°C, VDD =3.0Vt0o 5.5V,andIN=-0.1Vto 2V,
typical specifications are at Ty = 25°C, and VDD = 3.3 V (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX UNIT
POWER SUPPLY
. No external load on HLDO 28.5 41 mA
IDD Low-side supply current
4 mA external load on HLDO 36.5 49 mA
VDD analog undervoltage detection | VDD rising 2.9
VDDyy - \
threshold VDD falling 2.8
VDD rising 2.5
VDDpoRr VDD digital reset threshold \%
VDD falling 24
Vbepe_out |DC/DC output voltage DCDC_OUT to HGND 3.1 34 4.65 Vv
DC/DC output undervoltage .
Voeoow | getection threshold voltage DCDC output falling 21 225 v
HLDO to HGND, no external load 3 3.2 3.4
VhLpo_out |High-side LDO output voltage HLDO to HGND, 4 mA external load, v
3 3.2 34
Vpp >3.6V
High-side LDO output undervoltage .
VHDOWY | getection threshold voltage HLDO output falling 2.4 26 v
3V <=VDD < 3.6V, load connected
from HLDO_OUT to HGND, non- 1
| High-side supply current for auxiliary |SWitching A
: circuitry 3.6V <VDD <55V, load connected
from HLDO_OUT to HGND, non- 4.0
switching
. . VDD step to 3.0 V, to OUTP and
tas Analog settling time OUTN valid, 0.1% settling 0.6 11 ms

(1)  The typical value includes one standard deviation ("sigma") at nominal operating conditons.
(2) This parameter is input referred.
(3) THD is the ratio of the rms sum of the amplitues of first five higher harmonics to the amplitude of the fundamental.
(4) Offset error temperature drift is calculated using the box method, as described by the following equation:
TCVos = (Vosmax - Vos.min) / TempRange where Vg max and Vog min refer to the maximum and minimum Vg values measured
within the temperature range (-40 to 125°C).

(5) Gain error temperature drift is calculated using the box method, as described by the following equation:

TCEg (pbpm) = ((Eg,max - Ecmin) / TempRange) x 104 where Eg,max and Eg min refer to the maximum and minimum Eg values (in %)
measured within the temperature range (40 to 125°C).

6.10 Switching Characteristics
over operating ambient temperature range (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tr Output signal rise time 1.3 us
t Output signal fall time 1.3 us

VN to VouTy signal delay (50% — 10%) | Unfiltered output 1.0 1.5 us
VN to VouTx signal delay (50% — 50%) | Unfiltered output 1.6 2.1 us
VN to Vourx signal delay (50% — 90%) | Unfiltered output 2.5 3.0 us
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6.11 Timing Diagram

_________________________________ 2V
IN
- oV
t ’47 t—
OUTP
__________________________ VCMout
OUTN | €—50% - 10%—}‘
4—50% - 50%4}‘
' 4—50% - 90%4}‘
] 6-1. Rise, Fall, and Delay Time Waveforms
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6.12 Insulation Characteristics Curves

500

1800

Vo= 3.6V

400 AN

Vpp=5.5V 1600 \
1400

\ 1200
300 \
z \ N Z 1000
E \ \ £ \
= —» 800
200 ~ N N
\\ 600 \\
N 400
100 N
~N 200 N
0 0
0 25 50 75 100 125 150 0 25 50 75 100 125 150
TA(°C) G069 T,(°C) G070

6-2. Thermal Derating Curve for Safety-Limiting Current per

VDE

6-3. Thermal Derating Curve for Safety-Limiting Power per

VDE

1E+11
1E+10
1E+09
1E+08
1E+07
1E+06
1E+05

Time to Fail (s)

1E+04
1E+03
1E+02
1E+01

6-4. Reinforced Isolation Capacitor Lifetime Projection

TDDB Line (<1 PPM Fail Rate)

Operating Zone

VDE Safety Margin Zone
I L I 1T I 1T I T TT I 1T I 1T
500 1500 2500 3500 4500 5500 6500
Applied Voltage (Vgys) Go77

Viowm = 1200 Vgus, f =60 Hz, Tp < 150°C
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6.13 Typical Characteristics
atVDD=3.3V,IN=0Vto2V, and fiy = 10 kHz (unless otherwise noted)

3 0.1
Voure TA=125C
0.08
25 Vour - g 0.06 TA=25C |
L 5 TA=-40C "
) 7 o 0.04 //
— p
_ " 2 oo | s
) " 3 \ —
s 15 = - 0
N )\ 3 N
£ 002 —
1 \\ 2 I \\ ]
\ § -0.04 ’ ~
05 S~ T -0.06 B4
. e ) specified linear rang¢
-0.08 >
0 -0.1
-0.5 0 05 1 1.5 2 25 3 -0.5 0 0.5 1 15 2 25 3
Vi (V) G006 G074
Total uncalibrated output error is defined as:
(Vout = ViN % G) / (Vciipping * G), where G is the nominal gain
of the device (1 V/V) and Vjipping is 2.516 V
6-5. Output Voltage vs Input Voltage 6-6. Total Uncalibrated Output Error vs Input Voltage
15 15
12 12
9 9
6 6 /,/
3 3 ] ]
< I —
£ 0 £ oo ——
T o3 T3
6 6
9 Device 1 Y Device 1
Device 2 e Device 2
12 12 )
Device 3 Device 3
-15 -15
3 3.5 4 4.5 5 55 -40 256 -10 5 20 35 50 65 80 95 110 125
VDD (V) G004 Temperature (°C) G005
6-7. Input Bias Current vs Supply Voltage 6-8. Input Bias Current vs Temperature
14 1.49
1.48
12
1.47
10 1.46
~ 8 s 1.45
=3 \ 3 144
O 6 \ > 143
4 < 1.42
1.41 Device 1
2 Device 2
14 )
Device 3
0 1.39
0.1 1 10 3 35 4 45 5 5.5
fi( MHZz) G071 VDD (V) G009
6-9. Input Capacitance vs Input Signal Frequency 6-10. Output Common-Mode Voltage vs Supply Voltage
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6.13 Typical Characteristics (continued)

atVDD=3.3V,IN=0Vto 2V, and fiy = 10 kHz (unless otherwise noted)

6-15. Output Bandwidth vs Temperature

149 5
1.48 0
1.47 5 \
1.46 g 10
~ 1.45 £ \
s & -15
T 144 B 0 \
S —— N -
> 143 T T \
E s
142 2 \
i -30
141 Device 1 \
Device 2
14 _ -35
Device 3
1.39 -40
40 256 10 5 20 35 50 65 80 95 110 125 1 10 100 1000
Temperature (°C) G010 fiu (kHz) Goo7
6-11. Output Common-Mode Voltage vs Temperature 6-12. Normalized Gain vs Input Frequency
0° 300
-45 \\ 290
-90° \ 280 —=H
o .
g -135 - 270
é I
< -180° < 260
2 \ =
3 -225° \ ? 250
270° \ 240 Device 1
-315° 230 Device 2
\ Device 3
-360° 220
1 10 100 1000 2.8 3.2 3.6 4 4.4 48 5.2 5.6
T (kHZ) G008 VDD(V) GO
6-13. Output Phase vs Input Frequency 6-14. Output Bandwidth vs Supply Voltage
300 15
2% = \\\\ 1
2 S ==
Ny 05
_. 270 \\\\\
N =
£ 0 S E
= =
3 £
250
05
240 | —o Device 1 Device 1
230 |— Device 2 -1 Device 2
Device 3 Device 3
220 15
40 25 10 5 20 35 50 65 80 95 110 125 3 35 4 4.5 5 5.5
Temperature (°C) G012 VDD (V) Go27

6-16. Offset Error vs Supply Voltage
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6.13 Typical Characteristics (continued)

atVDD=3.3V,IN=0Vto 2V, and fiy = 10 kHz (unless otherwise noted)

15 0.2
0.15
1
0.1
E I ey ] ;\e‘
s 0 — ~ 0
O w
>
-0.05
0.5
Device 1 0.1 Device 1
- Device 2 045 Device 2
Device 3 Device 3
15 -0.2
40 -25 -10 5 20 35 50 65 80 95 110 125 3 35 4 4.5 5 5.5
Temperature (°C) G026 VDD (V) G020
6-17. Offset Error vs Temperature 6-18. Gain Error vs Supply Voltage
0.2 0.004
0.15 0.003
0.1 0.002
0.05 7 £ o001
S 0= g o
w B M~ £
— [ — L1 c
-0.05 \\ — S -0.001
0.1 —— Device 1 \‘\ -0.002 Device 1
.0.15 | Device 2 .0.003 Device 2
Device 3 Device 3
-0.2 -0.004
40 -25 10 5 20 35 50 65 80 95 110 125 0 0.5 1 15 2
Temperature (°C) G021 Vi (V) G028
6-19. Gain Error vs Temperature 6-20. Nonlinearity vs Input Voltage
0.02 0.04
0.015 0.03
0.01 0.02
S ———— g oo
= 2z
= £
f = [=
S -0.005 S -0.01
-0.01 Device 1 0.02 f—— Device 1
-0.015 Device 2 .0.03 | ™ Device 2
Device 3 Device 3
-0.02 -0.04
3 3.5 4 45 5 5.5 40 25 -10 5 20 35 50 65 80 95 110 125
VDD (V) G029 Temperature (°C) G030
6-21. Nonlinearity vs Supply Voltage 6-22. Nonlinearity vs Temperature
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6.13 Typical Characteristics (continued)

atVDD=3.3V,IN=0Vto 2V, and fiy = 10 kHz (unless otherwise noted)

SNR (dB)

75

70

65

60

50 /
45 /

40 /
35 /

30

0 0.4 0.8 12 16 2 2.4
G032

6-23. Signal to Noise Ratio vs Input Voltage

SNR (dB)

75
72
69
66
83 Device 1
Device 2
Device 3
60
3 3.5 4 4.5 5 55
VDD (V) G034
VIN =2V

6-24. Signal-to-Noise Ratio vs Supply Voltage

6-27. Total Harmonic Distortion vs Temperature

6-28. Input-Referred Noise Density vs Frequency

75 -79
B
-80 —
72 \
— \
-81 ~]
- 69 & \ \\\
s 2 -82 \ N
x o ] ~
% o — z \ \
-83 b, N
63 Device 1 o Device 1 \ \
Device 2 B Device 2 \
Device 3 Device 3
60 -85
-40 -25 -10 5 20 35 50 65 80 95 110 125 3 35 4 4.5 5 55
Temperature (°C) G035 VDD (V) G056
VlN =2V
6-25. Signal-to-Noise Ratio vs Temperature 6-26. Total Harmonic Distortion vs Supply Voltage
-70 10000
-75
N
_,—?_’_/ T
-80 — =" =
R e ——— s e s
& e p—— z
= | 2
o -85 g 1000
i o}
= o I~ A
-90 2
o
) z
= Device 1
95 | — Device 2
Device 3
-100 100
40 -25 -10 5 20 35 50 65 80 95 110 125 0.1 1 10 100 1000
Temperature (°C) G059 Frequency (kHz) G017
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6.13 Typical Characteristics (continued)

atVDD=3.3V,IN=0Vto 2V, and fiy = 10 kHz (unless otherwise noted)

PSRR (dB)

-100

-120

0

-20

-40 /

-60
/
.80 2\ J\A/"/\/\/

0.1 1 10 100 1000
Ripple Frequency (kHz) G041

6-29. Power-Supply Rejection Ratio vs Ripple Frequency

0

-20

-40
o
R

x -60
o
7
o

-80 1 1
Device 1
-100 Device 2
Device 3

-120

40 -25 10 5 20 35 50 65 80 95 110 125
Temperature (°C) G042

6-30. Power-Supply Rejection Ratio vs Temperature

325 325
30 30
L
/
~ _ //j
< < —1_—1
£ 15 E s —
8 — S //;///
— L1 ///
25 Device 1 25 L Device 1
Device 2 — Device 2
Device 3 Device 3
22.5 225
3 35 4 45 5 5.5 40 -25 10 5 20 35 50 65 80 95 110 125
VDD (V) G043 Temperature (°C) G044
6-31. Input Supply Current vs Supply Voltage 6-32. Input Supply Current vs Temperature
3.24 3.24
3.22 322
s s
3 32 3 32
= =
318 3.18
0 mA external load VDD =3V
4 mA external load VDD =5V
3.16 3.16
3 35 2 45 5 5.5 0 0.5 1 15 2 25 3 35 4
VDD (V) G046 Iy (MA) Go47
6-33. High-Side LDO Line Regulation 6-34. High-Side LDO Load Regulation
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6.13 Typical Characteristics (continued)

atVDD=3.3V,IN=0Vto 2V, and fiy = 10 kHz (unless otherwise noted)
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6-35. Output Rise and Fall Time vs Supply Voltage
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6-36. Output Rise and Fall Time vs Temperature
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6-37. V|\ to Voyr Signal Delay Time vs Supply Voltage
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6-38. V|\ to Voyt Signal Delay Time vs Temperature

10 5 20 35 50 65 80 95 110 125
Temperature (°C) G068

18

Submit Document Feedback

Product Folder Links: AMC3311

Copyright © 2023 Texas Instruments Incorporated

English Data Sheet: SBASAQ5


https://www.ti.com/product/ja-jp/amc3311?qgpn=amc3311
https://www.ti.com/ja-jp/lit/pdf/JAJSPF2
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSPF2A&partnum=AMC3311
https://www.ti.com/product/ja-jp/amc3311?qgpn=amc3311
https://www.ti.com/lit/pdf/SBASAQ5

13 TEXAS
INSTRUMENTS AMC3311
www.ti.comlja-jp JAJSPF2A — JUNE 2023 — REVISED AUGUST 2023

7 Detailed Description
7.1 Overview

The AMC3311 is a precision, single-ended, isolated amplifier with high input impedance, wide input voltage
range, and an integrated DC/DC converter that allows the device to be supplied from a single 3.3-V or 5-V
voltage source on the low side. The input stage of the device drives a second-order, delta-sigma (AX) modulator.
The modulator converts the analog input signal into a digital bitstream that is transferred across the isolation
barrier that separates the high-side from the low-side. On the low-side, the received bitstream is processed by a
fourth-order analog filter that outputs a differential signal at the OUTP and OUTN pins proportional to the input
signal.

A block diagram of the AMC3311 is shown in the Functional Block Diagram. The 1-GQ input impedance of the
analog input stage supports low gain-error signal-sensing in high-voltage applications using high-impedance
resistive dividers.

The signal path is isolated by a double capacitive silicon-dioxide (SiO,) insulation barrier, whereas power
isolation uses an on-chip transformer separated by a thin-film polymer as the insulating material.

7.2 Functional Block Diagram

r-———H——"""""""""">""""~""~""~"""~""~""”"/"="/-"=”/"—-=- T ST T T T T T T T ]
I I ! |
pcbc_ouT L | I ! i L.pcpc_IN
b | i —|—(I )
| | | Resonator |
I Rectifier I : And |
! ! Driver |
DCDC_HGND L | I ! i 1. DCDC_GND
b | i —|—(I )
I I : |
| . |
|
I | I
HLDO_IN L | | i Diagnostics ' LDiAG
|
| [ : |
| CE |
|
| | m |
Ne L Do 5 ' LLpo_out
| L E |
! 8 LDO |
! |
HLDO_ouT L | I ' i LvbD
= o | ! —O
I I : |
| . |
| | Analog Filter !
IN L HHHE ! | Loutp
| £ HHH 2 '
| — | [hd
| A% Modulator = | 3 |
| |
HGND L | - _Hl_”'}_ = i L outn
. - _H |_| |_‘_ MV O
| I ! |
I I ! |
I I ! |
HGND L 1 AMC3311 : | i L .GND
| |

7.3 Feature Description
7.3.1 Analog Input

The single-ended, high-impedance input stage of the AMC3311 feeds a second-order, switched-capacitor, feed-
forward AZ modulator. The modulator converts the analog signal into a bitstream that is transferred over the
isolation barrier, as described in the Isolation Channel Signal Transmission section. With the high-impedance
input and low input bias current, the AMC3311 device is designed for isolated, high-voltage-sensing applications
that typically employ high-impedance resistive dividers.

There are two restrictions on the analog input signal, IN. First, if the input voltage V|y exceeds the range
specified in the Absolute Maximum Ratings table, the input current must be limited to the absolute maximum
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value because the electrostatic discharge (ESD) diodes turn on. Second, the linearity and noise performance of
the device are ensured only when the analog input voltage remains within the linear full-scale range (Vegr), as
specified in the Recommended Operating Conditions table.

7.3.2 Isolation Channel Signal Transmission

The AMC3311 uses an on-off keying (OOK) modulation scheme, as shown in [X| 7-1, to transmit the modulator
output bitstream across the SiO,-based isolation barrier. The transmit driver (TX) depicted in the Functional
Block Diagram transmits an internally-generated, 480-MHz carrier across the isolation barrier to represent a
digital one and does not send a signal to represent a digital zero.

The receiver (RX) on the other side of the isolation barrier recovers and demodulates the signal and provides the
input to the fourth-order analog filter. The AMC3311 transmission channel is optimized to achieve the highest
level of common-mode transient immunity (CMTI) and lowest level of radiated emissions caused by the high-
frequency carrier and RX/TX buffer switching.

=wce [[[TUUUUUUL

Modulator Bitstream
on High-side

Signal Across Isolation Barrier—w—w—ww—w—
Recovered Sigal
on Low-side

7-1. OOK-Based Modulation Scheme

7.3.3 Analog Output

The AMC3311 provides a differential analog output on the OUTP and OUTN pins. For input voltages V,y in the
range from —-0.1 V to 2 V, the device provides a linear response with a nominal gain of 1. For example, for an
input voltage of 2 V, the differential output voltage (Voute — VouTtn) is 2 V. At zero input (IN shorted to HGND),
both pins output the same common-mode output voltage Vemout, @S specified in the Electrical Characteristics
table. For input voltages greater than 2 V but less than approximately 2.5 V, the differential output voltage
continues to increase but with reduced linearity performance. The outputs saturate at a differential output voltage
of VeLipout, @s shown in [¥] 7-2, if the input voltage exceeds the Vcjipping Value.

Maximum input range before clipping (Vciipping)

A

|
i
| Linear input range (Vrsr)
i

A ! R
7'y
VEalLsaFE
Vourw Vewpout
|

|
|
|
|
S I
|
|
| Vemout
y
Il
>

|
|
Voutp :
Y
Y

|
0 Input Voltage (Vin) 2'\/2'516 v

A
Y

B 7-2. Output Behavior of the AMC3311
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The AMC3311 provides a fail-safe output that simplifies diagnostics on a system level. The fail-safe output is
active when the integrated DC/DC converter or high-side LDO do not deliver the required supply voltage for the
high-side of the device. 7-3 and 7-4 show the fail-safe output of the AMC3311, which is a negative
differential output voltage value that does not occur under normal operating conditions. Use the maximum
VEealLsare Voltage specified in the Electrical Characteristics table as a reference value for the fail-safe detection

on a system level.

VOUTN

i

Measure P1:mean(C2}
value 213 mv
status v

ca
500 mvidiv 500 mVidiv
-1.500 V ofst -1.500 V ofst

P2:mean(C3)

A

P3:mean(F1)
-2.492 V

v

-2.492'V

Trigger DC.
500 nsidiv Auto 40 mV
10 kS 2GS/s Edge Positive

7-3. Typical Negative Clipping Output of the AMC3311

VOUTN vouni
A
-2.567 V

y _\ d
3
Measure P1:mean(C2) P2:mean(C3) P3:mean(F1)
value 176 mV -2.567 V
status v '3

c3
500 mVidiv, 500 mvidiv
-1.500 V ofst -1.500 V ofst

0.00 psf Trigger CAES
500 nsidiv Auto 40 mV
10kS 2GS/s Edge  Positive

B 7-4. Typical Fail-Safe Output of the AMC3311
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7.3.4 Isolated DC/DC Converter

The AMC3311 offers a fully integrated isolated DC/DC converter that includes the following components

illustrated in the Functional Block Diagram:

» Low-dropout regulator (LDO) on the low-side to stabilize the supply voltage VDD that drives the low-side of
the DC/DC converter

» Low-side full-bridge inverter and drivers

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

» High-side full-bridge rectifier

» High-side 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 A% modulator to
minimize interference with data transmission and support the high analog performance of the device.

The architecture of the DC/DC converter is optimized to drive the high-side circuitry of the AMC3311 and can
source up to Iy, as specified in the Electrical Characteristics table, of additional current for an optional auxiliary
circuit such as an active filter, preamplifier, or a high-speed isolated comparator such as an AMC23C11.

7.3.5 Diagnostic Output and Fail-Safe Behavior

The open-drain DIAG pin can be monitored to confirm the device is operational and the output voltage is valid.
During power-up, the DIAG pin is actively held low until the high-side supply is in regulation and the device
operates properly. The DIAG pin is actively pulled low if:

» The low-side does not receive data from the high-side (for example, because of a loss of power on the high-
side). The amplifier outputs are driven to negative full-scale.

» The high-side DC/DC output voltage (DCDC_OUT) or the high-side LDO output voltage (HLDO_OUT) drop
below the respective undervoltage detection thresholds Vpcpcyy and Vypouy, as specified in the Electrical
Characteristics table. In this case, the low-side can still receive data from the high-side but the data can
possibly be invalid. The amplifier outputs are driven to negative full-scale.

During normal operation, the DIAG pin is in a high-impedance state. Connect the DIAG pin to a pullup supply
through a resistor or leave open if not used.

7.4 Device Functional Modes

The AMC3311 is operational when the power supply VDD is applied, as specified in the Recommended
Operating Conditions table.
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8 Application and Implementation

&
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8.1 Application Information

Isolated amplifiers are widely used for voltage measurements in high-voltage applications that must be isolated
from a low-voltage domain. A typical application is the sensing of the DC link voltage in a frequency inverter.

The high input impedance, low input bias current, low temperature drift, and high DC accuracy make the
AMC3311 a high-performance solution for applications where isolated voltage measurements are required.

8.2 Typical Application

[X| 8-1 shows a simplified schematic of the AMC3311 in a typical motor drive application. The DC link voltage is
divided down to an approximate 2-V level across the bottom two sense resistors (RSNS1 + RSNS2) of a high-
impedance resistive divider. This voltage is sensed by the AMC3311. The AMC3311 digitizes the analog input
signal on the high-side, transfers the data across the isolation barrier to the low-side, and reconstructs an analog
signal that is presented as a differential voltage on the output pins OUTN and OUTP.

DC-link + Number of unit resistors depends
®} on design requirements.
See design examples for details.
e
i | i
| | iy
! ! AMC3311
i - | 1 — —— DCDC_OUT DCDC_IN -
} ™ L > L L } —— 100 nF
| — — | DCDC_HGND DCDC_GND
I I
( M | | 100 —
| nF HLDO_IN DIAG
3~ \ T I ’_{
> I
| 100 nF NC LDO_OuT
I i b_{ -
| — — | I
i > L > L L i ToF o] HLDO_OoUT VDD [ 1nF
! - - [
! | FB1 N outp
! ! ADC
| | HGND OUTN
S |
power module FB2 I HGND GND
100 pF
O
DC-link — O 5V supply
AMC23C11 ’_{ P 22F
100nF —| |—— VOD1 VDD2 I 100 nF 47k0
IN LATCH from MCU
l RREF REF ouT » to MCU
1nF
T 1oF 4| GND1 GND2
c I 7{
S 2
218

B4 8-1. The AMC3311 in a Motor Drive Application

The AMC3311 integrates an isolated power supply for the high-voltage side and therefore is particularly easy to
use in applications that do not have a high-side supply readily available. In this example, the integrated power
supply of the AMC3311 is also used to power an AMC23C11 isolated, high-speed comparator that is used for
low-latency overvoltage detection on the DC link.

The AMC23C11 isolated comparator senses the voltage across the bottom resistor (RSNS2) of the resistive
divider and compares that value against an adjustable reference voltage (Vreg). The isolated comparator pulls
down the open-drain output on the low-side whenever the input voltage exceeds the reference value. For a
detailed description of the isolated comparator, see the AMC23C11 data sheet available for download at ti.com.
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The bottom resistor in the resistive divider is split into two equal-value resistors (RSNS1 and RSNS2) to
accommodate the headroom requirements of the reference voltage (Vreg) of the isolated comparator, as
explained in the Detailed Design Procedure section.

8.2.1 Design Requirements
7% 8-1 lists the parameters for this typical application.

£ 8-1. Design Requirements

PARAMETER VALUE
System input voltage Single phase, 230 V, 50 Hz
DC link voltage (normal operation) 400 V (maximum)
DC link overvoltage detection level 450 V
Low-side supply voltage 5V
Voltage drop across the sensing resistor (RSNS1 + RSNS2) for a linear 2 V (maximum)
response
Current through the resistive divider, Icross 100 pA (maximum)
Minimum headroom (VDD1 — VrgE) for the reference voltage of the 14V
AMC23C11 isolated comparator
Maximum resistor operating voltage 7BV

8.2.2 Detailed Design Procedure

The 100-pA, cross-current requirement at the maximum DC link voltage (400 V) determines that the total
impedance of the resistive divider is 4 MQ. The impedance of the resistive divider is dominated by the top
portion (shown exemplary as RX1 and RX2 in [X] 8-1) and the voltage drop across RSNS1 and RSNS2 can be
neglected for a moment. The maximum allowed voltage drop per unit resistor is specified as 75 V; therefore, the
minimum number of unit resistors in the top portion of the resistive divider is 400 V / 75 V = 6. The calculated
unit value is 4 MQ / 6 = 667 kQ and the next closest value from the E96 series is 665 kQ.

The total sense resistor (RSNS = RSNS1 + RSNS2) is sized such that the voltage drop across the resistor at the
maximum DC link voltage (400 V) equals the linear full-scale range input voltage (Vggsr) of the AMC3311, which
is 2 V. This resistance is calculated as RSNS = Vggr / (Vpciiink, max — VFsr) X Rtop, where Rrop is the total value
of the top resistor string (6 x 665 kQ = 3990 kQ). RSNS is calculated as 20.05 kQ and split into two equal
resistors (RSNS1 and RSNS2) of 10 kQ each, a value from the E96 series.

The isolated comparator senses the voltage drop across RSNS2. At the specified DC link overvoltage of 450 V,
the voltage drop across RSNS2 is RSNS2 / (RTOP + RSNS1 + RSNS2) x Vpc_jink and equals 1.12 V. This value
is the trip threshold value, Vreg. The trip threshold is set by the resistor RREF and is calculated as (1.12V - 4
mV) / 100 pA = 11.2 kQ. A value of 11 kQ is selected from the E96 series, resulting in a slightly lower reference
voltage of 1.1 V. The 4-mV value subtracted from Vggr is related to the hysteresis of the isolated comparator on
the rising edge of V|y. 100 pA is the value of the internal current source connected to the REF pin of the
AMC23C11. For a detailed calculation of the trip threshold, see the AMC23C11 data sheet. The resulting
overvoltage detection threshold is (Vggr + 4 mV) / RSNS1 x (RTOP + RSNS1 + RSNS2), or 443 V.

The reference of the AMC23C11 comparator requires a minimum headroom to VDD1 of 1.4 V. The minimum
supply voltage (VDD1) to the isolated comparator is in the minimum output voltage of the AMC3311 high-side
LDO (VHLpo ouT), Which equals 3 V. Therefore, the reference operates at a minimum headroom of 3V - 1.1V =
1.9 V and satisfies the design requirements.
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7% 8-2 summarizes the design parameters for this application.

& 8-2. Design Summary

PARAMETER VALUE
Unit resistor value, RX 665 kQ
Number of unit resistors 6

Sense resistor values (RSNS1 and RSNS2) 10 kQ

Resulting current through resistive divider (Icross at 400 V) 99.8 A
Resulting full-scale voltage drop across sense resistor (RSNS1 + RSNS2) 1.995V
Total power dissipated in resistive divider 39.9 mW

Power dissipated in unit resistor RX 6.6 mW

AMC23C11 reference resistor value, RREF 11 kQ

Resulting overvoltage detection threshold 443V

8.2.2.1 Input Filter Design

Placing an RC filter in front of the isolated amplifier improves signal-to-noise performance of the signal path. In
practice, however, the impedance of the resistor divider is high and only a small-value filter capacitor can be
used to not limit the signal bandwidth to an unacceptable low value. Design the input filter such that:

» The cutoff frequency of the filter is at least one order of magnitude lower than the sampling frequency
(20 MHz) of the internal AZ modulator.

« The input bias current does not generate significant voltage drop across the DC impedance of the input filter.
Because the device has an input bias current in the low nanoampere range, IR drops across the filter
impedance are usually not a concern.

Most voltage-sensing applications use high-impedance resistive dividers in front of the isolated amplifier to scale
down the input voltage. In this case, a single capacitor (as shown in [X] 8-2) is sufficient to filter the input signal.

AMC3311
DCDC_OUT ||  DCDC_IN
DCDC_HGND || DCDC_GND
HLDOIN || DIAG
NC | LDo_ouT
b HLDO_OUT || VDD
100 pF y
IN ¥ ouTP
%) N
5 HGND b OUTN
2 P
HGND GND
N
o
8-2. Input Filter
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8.2.2.2 Differential to Single-Ended Output Conversion

8-3 shows an example of a TLV900x-based signal conversion and filter circuit for systems using single-ended
input ADCs to convert the analog output voltage into digital. With R1 = R2 = R3 = R4, the output voltage equals
(Voute — Voutn) + Vrer- Tailor the bandwidth of this filter stage to the bandwidth requirement of the system and
use NPO-type capacitors for best performance. For most applications, R1 =R2=R3 =R4 = 3.3 kQ and C1 =C2
= 330 pF yields good performance.

AMC3311
DCDC_OUT DCDC_IN

DCDC_HGND DCDC_GND
HLDO_IN DIAG
NC LDO_OuUT

HLDO_OUT VDD

IN OuTP
—— To MCU

HGND OUTN * TLV9001

HGND GND — GND

VRer

‘L*_SND
8-3. Connecting the AMC3311 Output to a Single-Ended Input ADC

For more information on the general procedure to design the filtering and driving stages of SAR ADCs, see the
18-Bit, 1TMSPS Data Acquisition Block (DAQ) Optimized for Lowest Distortion and Noise and 18-Bit Data
Acquisition Block (DAQ) Optimized for Lowest Power reference guides, available for download at www.ti.com.

8.2.3 Application Curve
8-4 shows the typical full-scale step response of the AMC3311.

VOUTN
-
VIN
C3|
A
c1 Cy O ES Timebase -6.00 ps|
| s00mvidv, 500 mVidiv 500 mvidiv Average 2,00 ps/div Normal 500 mV
1500Vofsti  -1500Vofst  -1500Vofst 10kS  500MSis Edge Positive
[ 83659k 83.659 kit 83,650 ket
8-4. Step Response of the AMC3311
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8.3 Best Design Practices

Do not leave the analog input (IN pin) of the AMC3311 unconnected (floating) when the device is powered up on
the high-side. If the device input is left floating, the bias current can generate a negative input voltage that
exceeds the specified input voltage range, causing the output of the device to be invalid.

Do not connect protection diodes to the input (IN pin) of the AMC3311. Diode leakage current can introduce
significant measurement error especially at high temperatures. The input pin is protected against high voltages
by the ESD protection circuit and the high impedance of the external restive divider.

8.4 Power Supply Recommendations

The AMC3311 is powered from the low-side power supply (VDD) with a nominal value of 3.3 V (or 5 V). Use a
low-ESR decoupling capacitor of 1 nF (C8 in [X| 8-5) placed as close as possible to the VDD pin, followed by a 1-
WF capacitor (C9) to filter this power-supply path.

The low-side of the DC/DC converter is decoupled with a low-ESR 100-nF capacitor (C4) positioned close to the
device between the DCDC_IN and DCDC_GND pins. Use a 1-yF capacitor (C2) to decouple the high-side in
addition to a low-ESR, 1-nF capacitor (C3) placed as close as possible to the device and connected to the
DCDC_OUT and DCDC_HGND pins.

For the high-side LDO, use low-ESR capacitors of 1-nF (C6), placed as close as possible to the AMC3311,
followed by a 100-nF decoupling capacitor (C5).

As shown in [¥| 8-5, place ferrite beads in the IN and HGND signal lines for best EMI performance. For more
information on reducing radiated emissions and guidelines for component selection, see the Best Practices to
Attenuate AMC3301 Family Radiated Emissions EMI application note available for download at www.ti.com

c21uF — | AMC3311 ca
™ 100 nF
c31nF ¢ |— DCDC_OUT ||  DCDC_IN ]
DCDC_HGND || DCDC_GND PR
y 47kQ
C1100nF ¢—| | HLDOIN || DIAG ’ » to uC (optional)
DC + 5
C5 100 nF »_| NC | Lbo_out cs Co
% N 1nF 1pF
¥ c61nF ¢ HLDO_OUT | | VDD o 3.3V /5 V suppl
x _ 3 T O pply
FB1 . IN ouTP » to RC filter / ADC
2 y
z § C10 100 pF HGND 5 OUTN » to RC filter / ADC
i 5
FB2 HGND GND

R2
— W\
||I

[

8-5. Decoupling the AMC3311

Capacitors must provide adequate effective capacitance under the applicable DC bias conditions they
experience in the application. Multilayer ceramic capacitors (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.
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7% 8-3 lists components suitable for use with the AMC3311. 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 AMC3311.

# 8-3. Recommended External Components

DESCRIPTION ‘ PART NUMBER MANUFACTURER SIZE (EIA, L x W)
VDD
cs 1 nF £ 10%, X7R. 50 V 12065C102KAT2A(M" AVX 1206, 3.2 mm x 1.6 mm
C0603C102K5RACTU Kemet 0603, 1.6 mm x 0.8 mm
co 1 UF £ 10%, X7R, 25 V 12063C105KAT2A(M AVX 1206, 3.2 mm x 1.6 mm
CGA3E1X7R1E105K080AC TDK 0603, 1.6 mm x 0.8 mm
DC/DC CONVERTER
C4 100 nF + 10%, X7R, 50 V C0603C104K5RACAUTO Kemet 0603, 1.6 mm x 0.8 mm
C3 1 nF £ 10%, X7R, 50 V C0603C102K5RACTU Kemet 0603, 1.6 mm x 0.8 mm
C2 1 uF £ 10%, X7R, 25V CGA3E1X7R1E105K080AC TDK 0603, 1.6 mm x 0.8 mm
HLDO
C1 100 nF + 10%, X7R, 50 V C0603C104K5RACAUTO Kemet 0603, 1.6 mm x 0.8 mm
100 nF % 5%, NPO, 50 V C3216NP0O1H104J160AA(M TDK 1206, 3.2 mm x 1.6 mm
cs 100 nF + 10%, X7R, 50 V C0603C104K5RACAUTO Kemet 0603, 1.6 mm x 0.8 mm
1 nF £ 10%, X7R, 50 V 12065C102KAT2A(M AVX 1206, 3.2 mm x 1.6 mm
ce C0603C102K5RACTU Kemet 0603, 1.6 mm x 0.8 mm
FERRITE BEADS
74269244182 Wurth Elektronik 0402, 1.0 mm x 0.5 mm
FB1,FB2 Ferrite bead@ BLM15HD182SH1 Murata 0402, 1.0 mm x 0.5 mm
BKH1005LM182-T Taiyo Yuden 0402, 1.0 mm x 0.5 mm

(1) Component used for parametric validation.
(2) No ferrite beads used for parametric validation.
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8.5 Layout

8.5.1 Layout Guidelines

8-6 shows a layout recommendation with the critical placement of the decoupling capacitors (as close as
possible to the AMC3311 supply pins) and placement of the other components required by the device. For best

performance, place the sense resistor close to the device input pin (IN).

This layout is used on the AMC3311 EVM and supports CISPR-11 compliant electromagnetic radiation levels.

8.5.2 Layout Example

DC +

R1

RSNS

R2

DC -

INOI

Top Metal

Iz
i3

[lesl)s

HGND

om mo

St -

(0]

Clearance area, to be

kept free of any

conductive materials.

O

AMC3311

VDD

[ Inner or Bottom Layer Metal

O \Via

8-6. Recommended Layout of the AMC3311

IAG  To MCU I/O (optional)

3.3-V or 5-V supply

OUTP_ To analog filter / ADC / MCU
OUTN  To analog filter / ADC / MCU
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9 Device and Documentation Support
9.1 Device Support
9.1.1 Device Nomenclature

Texas Instruments, Isolation Glossary

9.2 Documentation Support
9.2.1 Related Documentation

For related documentation see the following:

» Texas Instruments, ISO72x Digital Isolator Magnetic-Field Immunity application note

» Texas Instruments, TLV900x Low-Power, RRIO, 1-MHz Operational Amplifier for Cost-Sensitive Systems
data sheet

» Texas Instruments, AMC23C11 Fast Response, Reinforced Isolated Comparator With Adjustable Threshold
and Latch Function data sheet

» Texas Instruments, 18-Bit, TMSPS Data Acquisition Block (DAQ) Optimized for Lowest Distortion and Noise
reference guide

+ Texas Instruments, 18-Bit Data Acquisition Block (DAQ) Optimized for Lowest Power reference guide

» Texas Instruments, Isolated Amplifier Voltage Sensing Excel Calculator design tool
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10 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 part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
AMC3311DWER Active Production SOIC (DWE) | 16 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 AMC3311
AMC3311DWER.A Active Production SOIC (DWE) | 16 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 AMC3311

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

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

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

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

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

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

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

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

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF AMC3311 :
o Automotive : AMC3311-Q1

Addendum-Page 1
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NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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INSTRUMENTS
www.ti.com 9-Oct-2023
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .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)
AMC3311DWER SolIC DWE 16 2000 330.0 16.4 |10.75] 107 | 2.7 12.0 | 16.0 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)

AMC3311DWER SOIC DWE 16 2000 350.0 350.0 43.0

Pack Materials-Page 2



PACKAGE OUTLINE
DWEOO16A SOIC - 2.65 mm max height

SOIC

PIN 11D
AREA
14X [1.27]
=0 -
== -
I
10.5 —] ] 2X
10.1 8.69]
NOTES —
(I I
(I I
] — =t ‘
a - 031
8] 4 [ [0.250 [c]A® [BO | —=1 2.65 MAX
NOTE 4
/ P
/ '/ - \. 0.33
' ; 33 TYp
\\. N \ ) / \\ \[0.10
N o - f

N
SEE DETAIL A

GAGE PLANE

o“-s“g'ﬁ ‘L(&i

0.40 DETAIL A
(1.4) = TYPICAL

4223098/A 07/2016

NOTES:

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

. This drawing is subject to change without notice.

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

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

. Reference JEDEC registration MS-013.

w N

[0 8
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EXAMPLE BOARD LAYOUT

7755

14X (1.27) -

14X (1.27)

s

DWEOO16A SOIC - 2.65 mm max height
SOIC
SYMM SYMM
16X (2) ¢ SEE 16X (1.65) ¢ SEE
P ‘ DETAILS 11 ‘ / DETAILS
3 ! 16 - ! 16
R == wool 2|
: ‘ SYMM ‘ ‘ ‘ SYMM
————— T A S, = g
. e =
|
|

IPC-7351 NOMINAL
7.3 mm CLEARANCE/CREEPAGE

LAND PATTERN EXAMPLE

SCALE:4X

SOLDER MASK

METAL— /OPENING

NON SOLDER MASK
DEFINED

r=—0.07 MAX
ALL AROUND

SOLDER MASK DETAILS

SOLDER MASK

HV / ISOLATION OPTION
8.1 mm CLEARANCE/CREEPAGE

OPENING

r+— 0.07 MIN
ALL AROUND

SOLDER MASK
DEFINED

4223098/A 07/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on

board fabrication site.

i3 Texas
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EXAMPLE STENCIL DESIGN
DWEOO16A SOIC - 2.65 mm max height

SOIC

16 /0
16X (0.6) 1 % 16X (0.6) T E

= N S = L
— =

— =

=

14X (1.27) — %

=

|
14X (1.27) - % |
; |

16X (2) ¢ 16X (1.65) ﬂ ¢

j1 | |1 \
|

| |

| |

| |

H

|

|

|

|

|

©
[ee)

i
j
noaonnnn

IPC-7351 NOMINAL HV / ISOLATION OPTION
7.3 mm CLEARANCE/CREEPAGE 8.1 mm CLEARANCE/CREEPAGE

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:4X

4223098/A 07/2016

NOTES: (continued)

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