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AMC3306M25-Q1 Automotive, Precision, £250mV Input,
Reinforced Isolated Delta-Sigma Modulator With Integrated DC/DC Converter

1 Features

* AEC-Q100 qualified for automotive applications:
— Temperature grade 1: —40°C to +125°C, Ty

» Single-supply operation (3.3V or 5V) with
integrated DC/DC converter

* Input voltage range (x250mV) optimized for current
measurement using shunt resistors

* Low DC errors:
— Offset error: £50pV (max)
— Offset drift: £1uV/°C (max)
— Gain error: £0.2% (max)
— Gain drift: £35ppm/°C (max)

* High CMTI: 75kV/ps (min)

» System-level diagnostic features

* Low EMI: Meets CISPR-11 and CISPR-25
standards

» Safety-related certifications:
— 6000Vpk reinforced isolation per DIN EN IEC

60747-17 (VDE 0884-17)

— 4250VRys isolation for 1 minute per UL1577

2 Applications

+ Compact, isolated shunt-based current sensing in:
— HEV/EV onboard chargers (OBC)
— HEV/EV DC/DC converters
— HEV/EV ftraction inverters
— HEV/EV battery management system (BMS)

3 Description

The AMC3306M25-Q1 is a precision, isolated delta-
sigma (AX) modulator, optimized for shunt-based
current measurements. The fully integrated, isolated
DC/DC converter allows single-supply operation from
the low-side of the device which makes the device
a unique solution for space-constrained applications.
The reinforced capacitive isolation barrier is certified
according to DIN EN IEC 60747-17 (VDE 0884-17)
and UL1577 and supports a working voltage up to
1.2kVRupis-

The isolation barrier separates parts of the system
that operate on different common-mode voltage levels
and protects the low-voltage side from hazardous
voltages and damage.

The input of the AMC3306M25-Q1 is optimized
for direct connection to a low-impedance shunt
resistor or other, low-impedance voltage source
with low signal levels. The excellent DC accuracy
and low temperature drift supports accurate
current measurements over the extended industrial
temperature range from —40°C to +125°C.

Use a digital filter (such as a sinc? filter) to decimate
the bitstream. By using this digital filter, the device
achieves 16 bits of resolution with an 85dB dynamic
range at a data rate of 78kSPS.

Package Information
PART NUMBER PACKAGE!(") PACKAGE SIZE®

AMC3306M25-Q1 DWE (SOIC,16) 10.3mm x 10.3mm

(1)  For more information, see the Mechanical, Packaging, and
Orderable Information.

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.
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4 Pin Configuration and Functions
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Figure 4-1. DWE Package, 16-Pin SOIC (Top View)

Table 4-1. Pin Functions

o) PI:AME TYPE DESCRIPTION

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

2 DCDC_HGND | High-side power ground |High-side ground reference for the DC/DC converter; connect this pin to the HGND pin.
HLDO_IN Power Input of the high-side LDO; connect this pin to the DCDC_OUT pin.(")

4 NG . No in.ternal connection. Connect this pin to the high-side ground or leave unconnected

(floating).

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

6 INP Analog input ggf?ri]r‘;v;rgr;%r?]rrfcl)cr)]g_;r;no%uet.irl:/lpil;evsﬁgz(lal.\g or INN has a DC current path to HGND to

7 INN Analog input mzecrgnmgmaonna_lr?g(ijr;pit;tblﬂ\:l3|;(|et:;er(.e(2I)NP or INN has a DC current path to HGND to define

8 HGND High-side signal ground |High-side analog signal ground; connect this pin to the DCDC_HGND pin.

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

10 DOUT Digital output Modulator data output.

11 CLKIN Digital input Modulator clock input with an internal pulldown resistor (typical value: 1.5MQ).

12 VDD Low-side power Low-side power supply.(!)

13 LDO_OUT Power oOfuttrE)euthgéhziiﬂt;sfgﬁ]lé:)c(ﬁgﬁﬁpyr.](?ft this pin to the DCDC_IN pin. Do not load the output

W | DRe | Diteoupu | Avelowomendan sl o ouput Comec e o e pulup sl (o

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

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

M
)

See the Power Supply Recommendations section for power-supply decoupling recommendations.
See the Layout section for details.
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5 Specifications
5.1 Absolute Maximum Ratings

see (1)
MIN MAX| UNIT
Power-supply voltage VDD to GND -0.3 6.5 \%
Analog input voltage INP, INN HGND -6 VHLpo_out + 0.5 \%
Digital input voltage CLKIN GND -0.5 VDD + 0.5 \Y
DOUT GND -0.5 VDD + 0.5
Digital output voltage \
DIAG GND -0.5 6.5
Input current Continuous, any pin except power-supply pins -10 10 mA
Junction, T, 150
Temperature o
Storage, Tsig -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

5.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per AEC Q100-002("), HBM ESD classification Level 2 +2000
V(esD) Electrostatic discharge \%
Charged-device model (CDM), per AEC Q100-011, CDM ESD classification Level C6 +1000

(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.

5.3 Recommended Operating Conditions

over operating ambient temperature range (unless otherwise noted)

|  MIN  NOM  MAX| UNIT
POWER SUPPLY
VDD Low-side power supply ‘VDD to GND ‘ 3 3.3 5.5‘ \Y
ANALOG INPUT
Veiipping | Differential input voltage before clipping output ViN =Vine — VINN +320 mV
VEsr Specified linear differential full-scale voltage Vin = Vine — ViNn -250 250 mV
Absolute common-mode input voltage (1) (Vinp + Vinn) / 2 to HGND -2 VHLDo_ouT Vv
Vem Operating common-mode input voltage (Vinp + Vinn) / 2 to HGND -0.16 0.9 \Y
DIGITAL I/O
Vio Digital input / output voltage 0 VDD \%
foLKIN Input clock frequency 5 20 21| MHz
Input clock duty cycle 5MHz < fo kin £ 21MHz 40% 50% 60%
TEMPERATURE RANGE
Ta Specified ambient temperature —40 125 °C

(1) Steady-state voltage supported by the device in case of a system failure. See specified common-mode input voltage V¢ for normal
operation. Observe analog input voltage range as specified in the Absolute Maximum Ratings table.
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5.4 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
Yr 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.

5.5 Power Ratings

PARAMETER TEST CONDITIONS VALUE UNIT
VDD = 5.5V 231

Pp Maximum power dissipation mwW
VDD = 3.6V 151
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5.6 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 >8 mm
CPG External creepage!!) Shortest pin-to-pin distance across the package surface 28 mm
DTI Distance through insulation Mlnln’_lum internal gap (internal clearance - capacitive signal > 21 um
isolation)
DTI Distance through insulation Mlnlmum internal gap (internal clearance - transformer power > 120 um
isolation)
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 < 600Vgus -1
per IEC 60664-1 Rated mains voltage < 1000Vgrus I-Il
DIN EN IEC 60747-17 (VDE 0884-17)
Maximum repetitive peak
V\orM isolation voltage At AC voltage 1700 Vpk
Y Maximum-rated isolation At AC voltage (sine wave) 1200 VRms
IOWM | working voltage At DC voltage 1700 Voc
v Maximum transient V1esT = Viotm, t = 60s (qualification test), 6000 Vv
I0T™M isolation voltage Vrest = 1.2 X Vigrm, t = 15 (100% production test) PK
Vivp Maximum impulse voltage® | Tested in air, 1.2/50us waveform per IEC 62368-1 7700 Vpk
Vv Maximum surge Tested in oil (qualification test), 10000 Vv
I0SM lisolation voltage®) 1.2/50us waveform per IEC 62368-1 PK
Method a, after input/output safety test subgroups 2 and 3, <5
Vod(ni) = Viot™s tini = 608, Vpgm) = 1.2 X Viorwm, tm = 108 B
Method a, after environmental tests subgroup 1, <5
Vod(ini) = V ini = V =16xV =1
%o Apparent charge® pd(ini) = VioTms tini 603 .pd(m) 6 x Viorm, tm. Os oC
Method b1, at preconditioning (type test) and routine test, <5
Vodiiniy = 1.2 X Viotm, tini = 18, Vpgm) = 1.875 X Viorm, tm = 1 B
Method b2, at routine test (100% production)®), <5
Vod(iniy = Vpdm) = 1.2 X Viotm, tini = tm =18 B
Barrier capacitance, _ -
CIO input to output(s) V|o =0.5 Vpp at IMHz 4.5 pF
Vio =500V at Tp = 25°C > 1012
Insulation resistance, _ A 5 PP
Rio input to output(® Vo =500V at 100°C < Tp < 125°C >10 Q
Vio =500V at Tg = 150°C >10°
Pollution degree 2
Climatic category 40/125/21
UL1577
. . . V1esT = Viso, t = 60s (qualification test),
Viso Withstand isolation voltage Vreer = 1.2 % Viso, t = 1s (100% production test) 4250 VRrRms

M

(2
3)
4)
®)
(6)

Apply creepage and clearance requirements according to the specific equipment isolation standards of an application.Maintain the
creepage and clearance distance of a board design to make sure 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.

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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5.7 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: 40040142

File number: E181974

5.8 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 1/0 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 = 5.5V, 309
T,=150°C, Tp =25°C

Is Safety input, output, or supply current mA
Regya = 73.5°C/W, VDD = 3.6V, 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, 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 = Ig X VDDyax, Where VDD o4 is the maximum low-side voltage.
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5.9 Electrical Characteristics

all minimum and maximum specifications are at Ty = —40°C to +125°C, VDD = 3.0V to 5.5V, INP = -250mV to +250mV, INN
= 0V, and sinc? filter with OSR = 256 (unless otherwise noted); typical values are at T = 25°C, CLKIN = 20MHz, VDD = 3.3V

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
ANALOG INPUT
Rin Single-ended input resistance INN = HGND 19 kQ
Rinp Differential input resistance 22 kQ
lis Input bias current INP_= INN = HGND; —41 -30 -24 pA
lig = (ligp + lign) / 2
lo Input offset current(") lio = ligp — Iign; INP = INN = HGND £10 nA
CiN Single-ended input capacitance INN = HGND, fj\ = 310kHz 2 pF
CinD Differential input capacitance fin = 310kHz 1 pF
ACCURACY
Eo Offset error(!) INN = INP = HGND, T = 25°C -50 +10 50 pv
TCEo Offset error thermal drift(4) INN = INP = HGND -1 1 pv/eC
Es Gain error Ta=25°C -0.2% +0.005% 0.2% %
TCEg Gain error drift(®) -35 35 ppm/°C
DNL Differential nonlinearity Resolution: 16 bits —-0.99 0.99 LSB
INL Integral nonlinearity Resolution: 16 bits -4 +1 4 LSB
SNR Signal-to-noise ratio fin = 1kHz 81 83 dB
SINAD Signal-to-noise + distortion fin = 1kHz 79 82.5 dB
THD Total harmonic distortion(®) 5MHz < fo kv € 21MHz, iy = 1kHz -96 -88 dB
SFDR Spurious-free dynamic range fin = 1kHz 88 97 dB
fin = 0 Hz, VoM min < ViN < VoM max -95
CMRR Common-mode rejection ratio fin = 10kHZ, Vom min < ViN S VoM max Vine 84 dB
=Vnn = 500mVpp -
VDD from 3.0V to 5.5V, at DC -120
PSRR Power-supply rejection ratio INP = INN = HGND, VDD from 3.0V to 120 dB
5.5V, 10 kHz, 100mV ripple B
DIGITAL I/O
Iin Input leakage current GND < V) VDD 0 7 pA
Cin Input capacitance 4 pF
Viy High-level input voltage 0.7 x VDD VDD + 0.3 \Y
Vi Low-level input voltage -0.3 0.3 x VDD \Y
CLoaD Output load capacitance 15 30 pF
) lon = —20pA VDD - 0.1
Vou High-level output voltage \Y
loy = —4mA VDD -0.4
loL = 20pA 0.1
VoL Low-level output voltage \%
loL = 4mA 0.4
CMTI Common-mode transient immunity 75 135 kV/us
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5.9 Electrical Characteristics (continued)

all minimum and maximum specifications are at Ty = —40°C to +125°C, VDD = 3.0V to 5.5V, INP = -250mV to +250mV, INN
= 0V, and sinc3 filter with OSR = 256 (unless otherwise noted); typical values are at Tp = 25°C, CLKIN = 20MHz, VDD = 3.3V

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
POWER SUPPLY
No external load on HLDO 26 40
IDD Low-side supply current mA
1mA external load on HLDO 28 42
VDD analog undervoltage detection VDD rising 2.9
VDDyy \Y
threshold VDD falling 2.8
VDD rising 25
VDDpoRr VDD digital reset threshold \%
VDD falling 24
Vbepe out | DC/DC output voltage DCDC_OUT to HGND 3.1 3.5 4.65 \%
Voenouy DC/DC output undervoltage detection Vocoe_our falling 21 205 v

threshold voltage

HLDO_OUT to HGND, up to 1mA external

VHipo out | High-side LDO output voltage load@ 3 3.2 34 \Y
High-side LDO output undervoltage .

VhLbouv detection threshold voltage Vhpo_our falling 24 26 v
Hi . - Load connected from HLDO_OUT to

I _|ghTS|de supply current for auxiliary HGND: non-switching; 1 mA
cireuitry —40°C < Ty < 85°C®

tsTART Device startup time VDD step to 3.0V to bitstream valid 0.9 1.4 ms

(1)  The typical value includes one sigma statistical variation at nominal operating conditions.

(2) High-side LDO supports full external load (Iy) only up to Tp = 85°C. See the Isolated DC/DC Converter section for more details.

(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:
TCEo = (Eo,max — Eo,mn) / TempRange where Eqg yax and Eg iy refer to the maximum and minimum Eg values measured within the
temperature range (40 to 125°C).

(56) Gain error temperature drift is calculated using the box method, as described by the following equation:
TCEg (ppm) = ((Eg,max - Egmin) / TempRange) x 10 where Eg,max and Eg min refer to the maximum and minimum Eg values (in %)
measured within the temperature range (40 to 125°C).
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5.10 Switching Characteristics

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
ty DOUT hold time after rising edge of CLKIN |Coap = 15pF 3.5 ns
tp Rising edge of CLKIN to DOUT valid delay | C,oap = 15pF; CLKIN 50% to DOUT 10% / 90% 15 ns
10% to 90%, 3.0V < VDD < 3.6V, C oap = 15pF 25 6

te DOUT rise time ns
10% to 90%, 4.5V < VDD < 5.5V, C pap = 15pF 3.2 6
10% to 90%, 3.0V < VDD < 3.6V, C pap = 15pF 22 6

tf DOUT fall time ns
10% to 90%, 4.5V < VDD < 5.5V,C| opp = 15pF 2.9 6

5.11 Timing Diagrams

A

toLkin

<—tHIGH4>‘

.

1
(START

DOUT /

Bitstream not valid (analog settling)

X Valid bitstream

Figure 5-2. Device Start-Up Timing
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5.12 Insulation Characteristics Curves
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Figure 5-3. Thermal Derating Curve for Safety-Limiting Current
Per VDE
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Figure 5-4. Thermal Derating Curve for Safety-Limiting Power
Per VDE
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Figure 5-5. Reinforced Isolation Capacitor Lifetime Projection
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5.13 Typical Characteristics

at VDD = 3.3V, INP = -250mV to +250mV, INN = HGND, fc kn = 20MHz, and sinc? filter with OSR = 256, and 16-bit
resolution (unless otherwise noted)

-10 -23
-25
/
15 / -27
/ -29
-20
Z - g
e / 2 .33
-25 v
-35
-30 -37
-39
-35 -41
-05 -0.25 0 0.25 0.5 0.75 1 1.25 3 3.5 4 4.5 5 5.5
Vem (V) VDD (V)
Figure 5-6. Input Bias Current vs Common-Mode Input Voltage Figure 5-7. Input Bias Current vs Supply Voltage
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Figure 5-8. Input Bias Current vs Temperature Figure 5-9. Offset Error Histogram
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Figure 5-10. Offset Error vs Supply Voltage Figure 5-11. Offset Error vs Temperature
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5.13 Typical Characteristics (continued)

at VDD = 3.3V, INP = —-250mV to +250mV, INN = HGND, f¢| iy = 20MHz, and sinc? filter with OSR = 256, and 16-bit

resolution (unless otherwise noted)
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Figure 5-12. Gain Error vs Input Clock Frequency
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Figure 5-13. Gain Error vs Supply Voltage
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Figure 5-16. Integral Nonlinearity vs
Input Clock Frequency
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Figure 5-14. Gain Error vs Temperature Figure 5-15. Integral Nonlinearity vs Input Voltage
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Figure 5-17. Integral Nonlinearity vs
Supply Voltage
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5.13 Typical Characteristics (continued)

at VDD = 3.3V, INP = —-250mV to +250mV, INN = HGND, f¢| iy = 20MHz, and sinc? filter with OSR = 256, and 16-bit

resolution (unless otherwise noted)
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Figure 5-18. Integral Nonlinearity vs Temperature
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Distortion vs Input Signal Amplitude
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Figure 5-20. Signal-to-Noise Ratio and Signal-to-Noise +
Distortion vs Input Signal Frequency
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Figure 5-21. Signal-to-Noise Ratio and Signal-to-Noise +
Distortion vs Input Clock Frequency
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Figure 5-22. Signal-to-Noise Ratio and Signal-to-Noise +
Distortion vs Supply Voltage
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Figure 5-23. Signal-to-Noise Ratio and Signal-to-Noise +
Distortion vs Temperature
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5.13 Typical Characteristics (continued)

at VDD = 3.3V, INP = -250mV to +250mV, INN = HGND, fc kin = 20MHz, and sinc? filter with OSR = 256, and 16-bit
resolution (unless otherwise noted)
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Figure 5-24. Total Harmonic Distortion vs Figure 5-25. Total Harmonic Distortion vs
Input Signal Amplitude Input Signal Frequency
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Figure 5-26. Total Harmonic Distortion vs Figure 5-27. Total Harmonic Distortion vs
Input Clock Frequency Supply Voltage
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Figure 5-28. Total Harmonic Distortion vs Temperature Figure 5-29. Spurious-Free Dynamic Range vs Input Signal
Amplitude
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5.13 Typical Characteristics (continued)

at VDD = 3.3V, INP = —-250mV to +250mV, INN = HGND, f¢| iy = 20MHz, and sinc? filter with OSR = 256, and 16-bit

resolution (unless otherwise noted)
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Figure 5-30. Spurious-Free Dynamic Range vs Input Signal
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Figure 5-31. Spurious-Free Dynamic Range vs Input Clock

Figure 5-32. Spurious-Free Dynamic Range vs Supply Voltage
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Figure 5-33. Spurious-Free Dynamic Range vs Temperature
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Figure 5-34. Output Frequency Spectrum With
1kHz Input Signal
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Figure 5-35. Output Frequency Spectrum With
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5.13 Typical Characteristics (continued)

at VDD = 3.3V, INP = -250mV to +250mV, INN = HGND, fc kin = 20MHz, and sinc? filter with OSR = 256, and 16-bit
resolution (unless otherwise noted)
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Figure 5-36. Common-Mode Rejection Ratio vs Figure 5-37. Power-Supply Rejection Ratio vs Ripple Frequency
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Figure 5-38. Supply Current vs Supply Voltage Figure 5-39. Supply Current vs
Input Clock Frequency
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Figure 5-40. Supply Current vs Temperature Figure 5-41. High-Side LDO Output Voltage vs Supply Voltage
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5.13 Typical Characteristics (continued)

at VDD = 3.3V, INP = -250mV to +250mV, INN = HGND, fc kin = 20MHz, and sinc? filter with OSR = 256, and 16-bit
resolution (unless otherwise noted)
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Figure 5-42. I Derating vs Temperature
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6 Detailed Description

6.1 Overview

The AMC3306M25-Q1 is a fully differential, precision, isolated modulator with an integrated DC/DC converter.
The converter supplies the high side of the device from a single 3.3V or 5V voltage supply on the low side. The
analog input pins INP and INN are connected to a fully differential amplifier that feeds the switched-capacitor
input of a second-order, delta-sigma (A%) modulator. The modulator converts the analog input signal into a digital
bitstream that is transferred across the isolation barrier. The isolated data output DOUT of the converter provides
a stream of digital ones and zeros. This data stream is synchronous to the externally provided clock source at
the CLKIN pin. The time average of this serial bitstream output is proportional to the analog input voltage. The
external clock input simplifies the synchronization of multiple current-sensing channels on the system level.

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

6.2 Functional Block Diagram
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6.3 Feature Description

6.3.1 Analog Input

The differential amplifier input stage of the AMC3306M25-Q1 feeds a second-order, switched-capacitor, feed-
forward AZ modulator. The gain of the differential amplifier is set by internal precision resistors with a differential

input impedance of Rjyp- The modulator converts the analog input signal into a bitstream that is transferred
across the isolation barrier. See the Isolation Channel Signal Transmission section.

For reduced offset and offset drift, the differential amplifier is chopper-stabilized with the switching frequency set
at fe kin / 32. As shown in Figure 6-1, the switching frequency generates a spur at 625kHz.
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-140 i t
-160

-180
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SinC3 filter, OSR = 2, fCLKIN = 20MHZ, fIN = 1kHz

Figure 6-1. Quantization Noise Shaping

There are two restrictions on the analog input signals INP and INN. First, if the input voltages Vinp or Vinn
exceed the range specified in the Absolute Maximum Ratings table, limit the input currents to the absolute
maximum value. Otherwise, the electrostatic discharge (ESD) protection turns on. In addition, the device linearity
and parametric performance are specified only when the analog input voltage remains within the Vgsg and
Vcm ranges. The Recommended Operating Conditions table describes the linear full-scale range (Vggr) and the
common-mode input voltage range (V).
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6.3.2 Modulator

Figure 6-2 conceptualizes the second-order, switched-capacitor, feed-forward AZ modulator implemented in the
AMC3306M25-Q1. The output Vg of the 1-bit, digital-to-analog converter (DAC) is subtracted from the input
voltage Viy = (Vinn — Vinp) @nd results in a voltage V4. V4 feeds the input of the first integrator stage. The
output of the first integrator feeds the input of the second integrator stage, resulting in an output voltage Vs.
V3 is summed with the input signal V|y and the output of the first integrator V,. Depending on the polarity of
the resulting voltage V4, the output of the comparator is changed. In this case, the 1-bit DAC responds on the
next clock pulse by changing the associated analog output voltage Vs. This change causes the integrators to
progress in the opposite direction and forces the value of the integrator output to track the average input value.

i fCLK\N
A Vs A ¢

Integrator 2

Vi

Vin

A 4

Integrator 1

—» DOUT
oV

Figure 6-2. Block Diagram of a Second-Order Modulator

The modulator shifts the quantization noise to high frequencies, as illustrated in Figure 6-1. Therefore, use
a low-pass digital filter, such as a SINC filter, at the output of the device to increase signal to noise ratio.
This filter also converts the 1-bit data stream at a high sampling rate into a higher-bit data word at a lower
rate (decimation). Tl's C2000™ and Sitara™ microcontroller families offer a suitable programmable, hardwired
filter structure termed a sigma-delta filter module (SDFM) optimized for usage with the AMC3306M25-Q1.
Alternatively, use a field-programmable gate array (FPGA) or complex programmable logic device (CPLD) to
implement the filter.

6.3.3 Isolation Channel Signal Transmission

The AMC3306M25-Q1 uses an on-off keying (OOK) modulation scheme, as shown in Figure 6-3, to transmit
the modulator output bitstream across the SiO,-based isolation barrier. The transmit driver (TX) shown in the
Functional Block Diagram transmits an internally generated, high-frequency carrier across the isolation barrier to
represent a digital one. However, TX does not send a signal to represent a digital zero. The nominal frequency of
the carrier used inside the AMC3306M25-Q1 is 480MHz.

The receiver (RX) on the other side of the isolation barrier recovers and demodulates the signal and produces
the output. The AMC3306M25-Q1 transmission channel is optimized to achieve the highest level of common-
mode transient immunity (CMTI). This channel is also optimized to achieve the lowest level of radiated emissions
caused by the high-frequency carrier and RX/TX buffer switching.

~_JJUIUUIUUUL

Modulator Bitstream
on High-side

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

Figure 6-3. OOK-Based Modulation Scheme
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6.3.4 Digital Output

A differential input signal of OV ideally produces a stream of ones and zeros that are high 50% of the time. A
differential input of 250mV produces a stream of ones and zeros that are high 89.06% of the time. With 16 bits
of resolution, that percentage corresponds to code 58368. A differential input of —250mV produces a stream
of ones and zeros that are high 10.94% of the time and results in code 7168. These input voltages are also
the specified linear range of the AMC3306M25-Q1. If the input voltage value exceeds this range, the output of
the modulator shows nonlinear behavior as the quantization noise increases. The modulator output clips with
constant stream of zeros with an input < -320mV . In this case, the AMC3306M25-Q1 generates a single 1 every
128 clock cycles to indicate proper device function. The modulator output clips with constant stream of ones with
an input =2320mV. In this case, the AMC3306M25-Q1 generates a single 0 every 128 clock cycles to indicate
proper device function. See the Output Behavior in Case of a Full-Scale Input section for more details. Figure
6-4 shows the input voltage versus the output modulator signal.

+ FS (Analog Input)

Modulator Output
— — — FS (Analog Input)

Analog Input
Figure 6-4. AMC3306M25-Q1 Modulator Output vs Analog Input

Calculate the density of ones in the output bitstream with Equation 1 for any input voltage value except a
full-scale input signal. See the Output Behavior in Case of a Full-Scale Input section.

ViN + VGiipping
2x VCIipping (1 )

6.3.4.1 Output Behavior in Case of a Full-Scale Input

The device generates a single one or zero every 128 bits at DOUT if an input signal is applied that exceeds the
clipping voltage. This voltage is defined as (|V|n| 2 Vciipping)- Figure 6-5 shows the full-scale output timing, which
is dependent on the actual polarity of the signal being sensed. In this way, differentiating between a missing
high-side supply and a full-scale input signal is possible on the system level.

oo [ ANUUUIT QUL UARAT UL

|
—_— — - -
|
DOUT _| : Vin £-320 mV
— | L4 | | L |
L L4
| | | |
DOUT : Vin 2 320 mV
- 1 — L
le e o
b > ¢ >
127 CLKIN cycles 127 CLKIN cycles

Figure 6-5. Full-Scale Output of the AMC3306M25-Q1

6.3.4.2 Output Behavior in Case of a High-Side Supply Failure

The device output DOUT is a constant bitstream of logic 0's whenever the integrated DC/DC converter output
voltage is below the undervoltage detection threshold. See the Diagnostic Output section for more information.
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6.3.5 Isolated DC/DC Converter

The AMC3306M25-Q1 offers a fully integrated, isolated DC/DC converter with the following components(see the

Functional Block Diagram section):

* Low-dropout regulator (LDO) on the low side to stabilize the supply voltage VDD that drives the low side of
the converter. This circuit does not output a constant voltage and is not intended for driving any external load.

* 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 high-side LDO outputs a constant voltage and optionally provides a limited amount of current
to power external circuitry.

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

The architecture of the DC/DC converter is optimized to drive the high-side circuitry of the AMC3306M25-Q1.
The DC/DC converter sources up to Iy of additional DC current to power an optional active filter, preamplifier,
or isolated comparator (such as the AMC23C12-Q1). As shown in Figure 6-6, I, is specified up to an ambient
temperature of 85°C and derates linearly at higher temperatures.

1.25

0
40 25 -10 5 20 35 50 65 80 95 110 125
Ta (°C)

Figure 6-6. Derating of I; at Ambient Temperatures >85°C
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