ANALOG
DEVICES

Quad-Channel Isolators with
Integrated DC-to-DC Converters

ADuM6410/ADuM6411/ADuM6412

FEATURES

isoPower integrated, isolated dc-to-dc converter
Up to 150 mW output power
Quad dc to 150 Mbps signal isolation channels
24-lead SSOP package with 5.3 mm creepage
High temperature operation: 105°C
High common-mode transient immunity: 100 kV/ps
Safety and regulatory approvals
UL recognition (pending)
3750V rms for 1 minute per UL 1577
CSA Component Acceptance Notice 5A (pending)
VDE certificate of conformity (pending)
DIN VVDEV 0884-10 (VDE V 0884-10):2006-12
Viorm = 565 V peak

APPLICATIONS

RS-232 transceivers

Power supply startup bias and gate drives
Isolated sensor interfaces

Industrial PLCs

GENERAL DESCRIPTION

The ADuM6410/ADuM6411/ADuM6412' are quad-channel
digital isolators with isoPower®, an integrated, isolated dc-to-dc
converter. Based on the Analog Devices, Inc., iCoupler®
technology, the dc-to-dc converter provides regulated, isolated
power that is adjustable between 3.15 V and 5.25 V. Popular
voltage combinations and the associated power levels are shown
in Table 1.

The ADuM6410/ADuM6411/ADuM6412 eliminate the need for a
separate, isolated dc-to-dc converters in low power, isolated designs.
The iCoupler chip-scale transformer technology is used for isolated
logic signals and for the magnetic components of the dc-to-dc
converter. The result is a small form factor, total isolation solution.

The ADuM6410/ADuM6411/ADuM6412 isolators provide four
independent isolation channels in a variety of channel configura-
tions and data rates (see the Ordering Guide for more
information).
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Figure 1.
Table 1. Power Levels
Input Voltage (V) | OutputVoltage (V) | Output Power (mW)
5 5 150
5 33 100
33 33 66

Table 2. Data Input/Output Port Assignments

Ch. Pin No. | ADuMé6410 ADuM6411 ADuMé6412
/O | 3 Via Via Via

I/0w | 4 Vis Vis Vis

I/Oic |5 Vic Vic Voc

/O | 6 Vi Vop Vop

1/O2n | 22 Voa Voa Voa

/028 | 21 Vos Vos Vos

/0« | 20 Voc Voc Vic

1/Oxp | 19 Vop Vi Vi

! Protected by U.S. Patents 5,952,849; 6,873,065; 6,903,578; and 7,075,329. Other patents are pending.
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ADuM6410/ADuM6411/ADuM6412

SPECIFICATIONS

ELECTRICAL CHARACTERISTICS—5 V PRIMARY INPUT SUPPLY/5 V SECONDARY ISOLATED SUPPLY

All typical specifications are at Ta = 25°C, Voo: = Voor = Viso = 5 V, Ve resistor network: R1 = 10 kQ + 1%, R2 = 30.9 kQ + 1% between Viso
and GNDirso (see Figure 31). Minimum/maximum specifications apply over the entire recommended operation range, which is 4.5 V < Vopy,
Voo, Viso < 5.5V, and —40°C < Tx < +105°C, unless otherwise noted. Switching specifications are tested with Ci. = 15 pF and CMOS
signal levels, unless otherwise noted.

Table 3. DC-to-DC Converters Static Specifications

Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
DC-TO-DC CONVERTERS SUPPLY
Setpoint Viso 47 5.0 5.4 Y lso=15mA, R1=10kQ, R2=30.9 kQ
Line Regulation Viso (LINE) 20 mV/V liso=15mA,Voop=4.5Vto 55V
Load Regulation Viso (LoAD) 1 5 % lso=3 mAto 27 mA
Output Ripple Viso ®ip) 75 mV p-p | 20 MHz bandwidth, Cso = 0.1 uF||10 pF, liso = 27 mA
Output Noise Viso (Nolse) 200 mV p-p | Ceo=0.1 uF|[10 pF, so =27 mA
Switching Frequency fosc 125 MHz
Pulse-Width Modulation Frequency | fewm 600 kHz
Output Supply liso max) 30 mA Viso > 4.5V
Efficiency at liso max 29 % liso =27 mA
Voor Supply Current
No Viso Load Ioor @ 14 20 mA
Full Viso Load Ipop (max) 104 140 mA
Thermal Shutdown
Shutdown Temperature 154 °C
Thermal Hysteresis 10 °C

Table 4. Data Channel Supply Current Specifications

1 Mbps 25 Mbps 100 Mbps
Parameter Symbol | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Test Conditions/Comments
SUPPLY CURRENT CL=0pF
ADuM6410 Iop1 6.8 10 7.8 12 11.8 174 | mA
lop2 2.1 3.7 3.9 5.7 9.2 13 mA
ADuM6411 Ippr 5.8 10.3 7.0 10.9 114 159 | mA
Iop2 4.0 6.85 55 8.5 103  14.0 | mA
ADuM6412 Iop1 43 7.7 6.0 9.3 103 142 | mA
Iop2 53 8.7 6.7 10.1 11.0 149 mA
Table 5. Switching Specifications
Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
SWITCHING SPECIFICATIONS
Pulse Width PW 6.6 ns Within pulse width distortion (PWD) limit
Data Rate 150 | Mbps | Within PWD limit
Propagation Delay te, trn | 4.8 72 13 ns 50% input to 50% output
Pulse Width Distortion PWD 05 3 ns [tpin — tom|
Change vs. Temperature 1.5 ps/°C
Propagation Delay Skew tesk 6.1 ns Between any two units at the same temperature, voltage, and load
Channel Matching
Codirectional teskep 05 3.0 ns
Opposing Direction tpskop 05 3.0 ns
Jitter 490 ps p-p
70 ps rms
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Table 6. Input and Output Characteristics

Test Conditions/

Parameter Symbol | Min Typ Max Unit Comments
DC SPECIFICATIONS
Input Threshold
Logic High Vi 0.7 X Visoor 0.7 X Y
Voo
Logic Low Vi 03XVisoor0.3x |V
Voor
Output Voltage
Logic High Von Voo —0.20rVopa—  Voor or Vo2 \Y lox" = =20 pA, Vix = Vix?
0.2
Vop1 — 0.5 or Vop1 — 0.2 or Vv lox=—=4mA, Vix= Vi
Vop2 — 0.5 Vop2 — 0.2
Logic Low VoL 0.0 0.1 v lox =20 pA, Vix=Vix 3
0.0 04 Vv lox=4 mA,Vix=Vix
Undervoltage Lockout UVLO Vo1, Vooz, and Voor supply
Positive Going Threshold | Vuv+ 1.6 \Y
Negative Going Threshold | Vuv- 15 \Y
Hysteresis Vo 0.1 \Y
Input Currents per Channel I -10 +0.01 +10 MA 0V <Vix < Voox
Quiescent Supply Current
ADuM6410
Ioo1 (@ 1.2 2.2 mA Vix = Logic 0
Iop2 @ 2.0 272 mA Vix = Logic 0
Ioo1 @ 12.0 20.0 mA Vix = Logic 1
Iop2 @ 2.0 2.92 mA Vix = Logic 1
ADuM6411
Ipp1 (@ 1.6 2.46 mA Vix= Logic 0
Iop2 @ 1.9 2.62 mA Vix = Logic 0
Ioo1 @ 10.0 17.0 mA Vix = Logic 1
Iop2 @ 6.0 10.0 mA Vix = Logic 1
ADuM6412
Ioo1 @ 1.6 2.46 mA Vix = Logic 0
Iop2 @ 1.6 2.46 mA Vix = Logic 0
Ioo1 (@ 7.2 11.5 mA Vix = Logic 1
Ipp2 (@ 8.4 11.5 mA Vik = Logic 1
Dynamic Supply Current
Input Iooi (o) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
Output Iobo (b) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
AC SPECIFICATIONS
Output Rise/Fall Time tr/te 25 ns 10% to 90%
Common-Mode Transient |CMy| 75 100 kV/us Vix=Vbp1 or Viso, common-
Immunity* mode voltage (Vaw)-= 1000V,
transient magnitude = 800V
|CM| 75 100 kV/us Vix=0V,Vau= 1000V,

transient magnitude = 800V

"lox is the Channel x output current, where x means A, B, C, or D.

2Vix is the input side logic high.
3 Vix is the input side logic low.

#|CM4| is the maximum common-mode voltage slew rate that can be sustained while maintaining the voltage output (Vo) > 0.8 Voox. [CMy| is the maximum common-
mode voltage slew rate that can be sustained while maintaining Vo > 0.8 V. The common-mode voltage slew rates apply to both the rising and falling common-mode

voltage edges.
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ELECTRICAL CHARACTERISTICS—3.3 V PRIMARY INPUT SUPPLY/3.3 V SECONDARY ISOLATED SUPPLY

All typical specifications are at Ta = 25°C, Vopi = Voor = Viso = 3.3 V, Ve resistor network: R1 = 10 kQ + 1%, R2 = 16.9 kQ) + 1% between
Viso and GNDiso (see Figure 31). Minimum/maximum specifications apply over the entire recommended operation range, which is

3.0 V < Vbpi, Voo, Viso < 3.6 V, and —40°C < Ta < +105°C, unless otherwise noted. Switching specifications are tested with C. = 15 pF
and CMOS signal levels, unless otherwise noted.

Table 7. DC-to-DC Converter Static Specifications

Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
DC-TO-DC CONVERTER SUPPLY
Setpoint Viso 3.0 3.3 3.6 Y liso=10mA, R1=10kQ, R2=16.9 kQ
Line Regulation Viso ey 20 mV/V lso=10mA,Vop1 =3.0Vto3.6V
Load Regulation Viso (Loap) 1 5 % liso=2mAto 18 mA
Output Ripple Viso rip) 50 mV p-p | 20 MHz bandwidth, Ceo = 0.1 uF||10 pF, lso = 18 mA
Output Noise Viso (Noise) 130 mVp-p | Cso=0.1pF||10 pF, lso=18 mA
Switching Frequency fosc 125 MHz
Pulse-Width Modulation Frequency | fewm 600 kHz
Output Supply liso max) 20 mA 3.6V>Viso>3V
Efficiency at liso max 27 % lso=18 mA
Voor Supply Current
No Viso Load Ipor @ 14 20 mA
Full Viso Load Ipop (MAX) 77 115 mA
Thermal Shutdown
Shutdown Temperature 154 °C
Thermal Hysteresis 10 °C

Table 8. Data Channel Supply Current Specifications

1 Mbps 25 Mbps 100 Mbps
Parameter Symbol | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Test Conditions/Comments
SUPPLY CURRENT CL.=0pF
ADuM6410 Ipp 6.6 9.8 74 11.2 10.7 159 | mA
Iop2 20 3.7 3.5 55 8.2 11.6 | mA
ADuM6411 loopn 565 10.1 6.65 10.5 104 149 | mA
Iop2 3.9 6.65 5.2 8.0 9.4 128 | mA
ADuM6412 Ipp 4.3 7.7 5.6 9.0 9.1 13 mA
Iop2 5.0 84 6.2 9.6 9.8 13.7 | mA
Table 9. Switching Specifications
Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
SWITCHING SPECIFICATIONS
Pulse Width PW 6.7 ns Within PWD limit
Data Rate 150 | Mbps | Within PWD limit
Propagation Delay teHL, teun 68 14 ns 50% input to 50% output
Pulse Width Distortion PWD 07 3.0 |ns [teLn — tow|
Change vs. Temperature 1.5 ps/°C
Propagation Delay Skew tesk 7.5 ns Between any two units at the same temperature, voltage, and
load
Channel Matching
Codirectional teskep 0.7 3.0 ns
Opposing Direction tpskop 0.7 3.0 ns
Jitter 640 ps p-p
75 ns rms
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Table 10. Input and Output Characteristics

Test Conditions/

Parameter Symbol | Min Typ Max Unit Comments
DC SPECIFICATIONS
Input Threshold
Logic High Vi 0.7 X Visoor 0.7 X \
Voor
Logic Low Vi 03XVioor0.3x | V
Voo
Output Voltage
Logic High Von Vop1 —0.20rVop2—  Voor or Voo Vv lox=—20 YA, Vix=Vix+
0.2
Vop1 — 0.5 or Vop1 — 0.2 or \Y lox=—=4 mA, Vix=Vix
Vo2 — 0.5 Vo2 — 0.2
Logic Low Vo 0.0 0.1 Vv lox=20 pA, Vix =V
0.0 04 Vv lox=4mA,Vix=Vi
Undervoltage Lockout uvLoO Vb1, Voo, and Voor supply
Positive Going Threshold | Vuv: 1.6 \Y
Negative Going Threshold | Vuv- 1.5 \Y
Hysteresis VuvH 0.1 \Y
Input Currents per Channel I -10 +0.01 +10 HA 0V < Vix < Voox
Quiescent Supply Current
ADuM6410
Ioo1 @ 1.2 2.12 mA Vix = Logic 0
Iop2 @ 2.0 2.68 mA Vix = Logic 0
Ioo1 (@ 12.0 19.6 mA Vix = Logic 1
Iop2 @ 2.0 2.8 mA Vix = Logic 1
ADuM6411
Ioo1 @ 1.5 2.36 mA Vix = Logic 0
Iop2 @ 1.8 2.52 mA Vix = Logic 0
Iop1 (@ 9.8 16.7 mA Vix = Logic 1
Iop2 @ 5.7 9.7 mA Vix = Logic 1
ADuM6412
Ipp1 (@ 1.6 2.4 mA Vik= Logic 0
Ipp2 (@ 1.6 2.4 mA Vik= Logic 0
Ioo1 @ 7.2 11.2 mA Vix = Logic 1
Iop2 @ 84 11.2 mA Vix = Logic 1
Dynamic Supply Current
Input Ipoi ) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
Output Ipbo o) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
AC SPECIFICATIONS
Output Rise/Fall Time tw/te 25 ns 10% to 90%
Common-Mode Transient |CMy| 75 100 kV/ps Vix=Vop1 or Viso, Vem = 1000V,
Immunity’ transient magnitude = 800V
|CM| 75 100 kV/us Vix=0V,Vau= 1000V,

transient magnitude = 800V

T|CM4| is the maximum common-mode voltage slew rate that can be sustained while maintaining the voltage output (Vo) > 0.8 Voox. [CML| is the maximum common-
mode voltage slew rate that can be sustained while maintaining Vo > 0.8 V. The common-mode voltage slew rates apply to both the rising and falling common-mode

voltage edges.
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ELECTRICAL CHARACTERISTICS—5 V PRIMARY INPUT SUPPLY/3.3 V SECONDARY ISOLATED SUPPLY

All typical specifications are at Ta = 25°C, Vopi = Voor = 5.0 V, Viso = 3.3 V, Vit resistor network: R1 = 10 kQ + 1%, R2 = 16.9 kQ + 1%
between Viso and GNDrso (see Figure 31). Minimum/maximum specifications apply over the entire reccommended operation range, which
is 4.5V < Voo = Vopr £ 5.5V, 3.0 V < Viso < 3.6 V, and —40°C < Ta < +105°C, unless otherwise noted. Switching specifications are tested
with Ci. = 15 pF and CMOS signal levels, unless otherwise noted.

Table 11. DC-to-DC Converter Static Specifications

Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
DC-TO-DC CONVERTER SUPPLY
Setpoint Viso 3.0 3.3 3.6 \Y lso=15mA, R1=10kQ, R2=16.9 kQ
Line Regulation Viso wLing) 20 mV/V liso=15mA, Vop1=3.0Vto 3.6V
Load Regulation Viso (Loap) 1 5 % liso=3mAto 27 mA
Output Ripple Viso ip) 50 mV p-p | 20 MHz bandwidth, Ceo = 0.1 uF||10 pF, liso = 27 mA
Output Noise Viso Nois) 130 mV p-p | Ceo=0.1 uF||10 WF, liso =27 mA
Switching Frequency fosc 125 MHz
Pulse-Width Modulation Frequency | frwm 600 kHz
Output Supply liso max) 30 mA 3.6V>Viso>3V
Efficiency at liso max 24 % liso =27 mA
Voor Supply Current
No Viso Load Ipor (@ 14 20 mA
Full Viso Load Ipop (MAX) 85 115 mA
Thermal Shutdown
Shutdown Temperature 154 °C
Thermal Hysteresis 10 °C
Table 12. Data Channel Supply Current Specifications
1 Mbps 25 Mbps 100 Mbps
Parameter Symbol | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Test Conditions/Comments
SUPPLY CURRENT C.=0pF
ADuM6410 Ipp 6.8 10 7.8 12 11.8 174 | mA
Iop2 2.0 3.7 3.5 55 8.2 116 | mA
ADuM6411 Iop1 5.8 10.3 7.0 10.9 114 159 | mA
Iop2 3.9 6.65 5.2 8.0 9.4 128 | mA
ADuM6412 Ipp 4.3 7.7 6.0 9.3 103 142 | mA
Iop2 5.0 8.4 6.2 9.6 9.8 13.7 | mA
Table 13. Switching Specifications
Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
SWITCHING SPECIFICATIONS
Data Rate 150 | Mbps | Within PWD limit
Propagation Delay tehe, tee 68 14 ns 50% input to 50% output
Pulse Width Distortion PWD 07 30 |ns [teLn — tow|
Pulse Width PW 6.7 ns Within PWD limit
Propagation Delay Skew | tesk 7.5 ns Between any two units at the same temperature, voltage, and load
Channel Matching
Codirectional teskep 0.7 3.0 ns
Opposing Direction tpskop 0.7 3.0 ns
Jitter 640 ps p-p
75 ns rms
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Table 14. Input and Output Characteristics

Test Conditions/

Parameter Symbol | Min Typ Max Unit Comments
DC SPECIFICATIONS
Input Threshold
Logic High Vi 0.7x Viso or 0.7x \
Voor
Logic Low Vi 0.3x Viso or 0.3x \Y
Voo
Output Voltage
Logic High Von Vop1 —0.20rVop2—  Voor o Voo Vv lox=—20 YA, Vix=Vix+
0.2
Vop1 — 0.5 or Vop1 — 0.2 or \Y lox=—=4 mA, Vix=Vix
Vo2 — 0.5 Vo2 — 0.2
Logic Low Vo 0.0 0.1 Vv lox=20 pA, Vix =V
0.0 04 Vv lox=4mA,Vix=Vi
Undervoltage Lockout uvLoO Vb1, Voo, and Voor supply
Positive Going Threshold | Vuv: 1.6 \Y
Negative Going Threshold | Vuv- 1.5 \Y
Hysteresis VuvH 0.1 \Y
Input Currents per Channel I -10 +0.01 +10 HA 0V < Vix < Voox
Quiescent Supply Current
ADuM6410
Ioo1 @ 1.2 2.2 mA Vix = Logic 0
Iop2 @ 2.0 2.68 mA Vix = Logic 0
Ioo1 (@ 12.0 20.0 mA Vix = Logic 1
Iop2 @ 2.0 2.8 mA Vix = Logic 1
ADuM6411
Ioo1 @ 1.6 2.46 mA Vix = Logic 0
Iop2 @ 1.8 2.52 mA Vix = Logic 0
Iop1 (@ 10.0 17.0 mA Vix = Logic 1
Iop2 @ 5.7 9.7 mA Vix = Logic 1
ADuM6412
Ipp1 (@ 1.6 2.46 mA Vix= Logic 0
Ipp2 (@ 1.6 2.4 mA Vik= Logic 0
Ioo1 @ 7.2 11.5 mA Vix = Logic 1
Iop2 @ 84 11.2 mA Vix = Logic 1
Dynamic Supply Current
Input Ipoi ) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
Output Ipbo o) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
AC SPECIFICATIONS
Output Rise/Fall Time tw/te 25 ns 10% to 90%
Common-Mode Transient |CMy| 75 100 kV/ps Vix=Vop1 or Viso, Vem = 1000V,
Immunity’ transient magnitude = 800V
|cM| 75 100 kV/us Vix=0V,Vau= 1000V,

transient magnitude = 800V

T|CM4| is the maximum common-mode voltage slew rate that can be sustained while maintaining the voltage output (Vo) > 0.8 Voox. [CML| is the maximum common-
mode voltage slew rate that can be sustained while maintaining Vo > 0.8 V. The common-mode voltage slew rates apply to both the rising and falling common-mode

voltage edges.
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ELECTRICAL CHARACTERISTICS—2.5 V OPERATION DIGITAL ISOLATOR CHANNELS ONLY

All typical specifications are at Ta = 25°C, Vop1 = Vppz = 2.5 V. Minimum/maximum specifications apply over the entire recommended
operation range: 2.25V < Vpp1 £ 2.75V, 2.25 V < Vpp, £ 2.75V, —40°C < Tx < +105°C, unless otherwise noted. Switching specifications
are tested with Ci = 15 pF and CMOS signal levels, unless otherwise noted. Supply currents are specified with 50% duty cycle signals.

Table 15. Data Channel Supply Current Specifications

1 Mbps 25 Mbps 100 Mbps
Parameter Symbol | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Test Conditions/Comments
SUPPLY CURRENT CL=0pF
ADuM6410 Ippr 6.5 9.8 7.3 1.1 104 155 | mA
Iop2 20 3.6 33 5.2 7.3 10.2 | mA
ADuM6411 Iop1 5.6 10.0 6.4 10.4 9.7 14.5 mA
Iop2 3.8 6.55 4.8 7.7 8.3 115 | mA
ADuM6412 Ipp 4.3 7.7 54 8.8 8.8 127 | mA
lop2 5.0 8.4 6.1 9.5 9.5 134 | mA
Table 16. Switching Specifications
Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
SWITCHING SPECIFICATIONS
Pulse Width PW 6.6 ns Within PWD limit
Data Rate 150 Mbps | Within PWD limit
Propagation Delay teu, tew | 5.0 7.0 14 ns 50% input to 50% output
Pulse Width Distortion PWD 07 3 ns [tpin — tom|
Change vs. Temperature 1.5 ps/°C
Propagation Delay Skew tesk 6.8 ns Between any two units at the same temperature, voltage, and
load
Channel Matching
Codirectional teskep 07 30 ns
Opposing Direction teskop 0.7 3.0 ns
Jitter 800 ps p-p
190 ps rms
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Table 17. Input and Output Characteristics

Test Conditions/

Parameter Symbol | Min Typ Max Unit Comments
DC SPECIFICATIONS
Input Threshold
Logic High Vi 0.7 X Visoor 0.7 X \
Voor
Logic Low Vi 03XVioor0.3x | V
Voo
Output Voltage
Logic High Von Vop1 —0.20rVoo2—  Voor or Voo Vv lox=—20 YA, Vix=Vix+
0.2
Vop1 — 0.5 or Vop1 — 0.2 or \Y lox=—=4 mA, Vix=Vix
Vo2 — 0.5 Vo2 — 0.2
Logic Low Vo 0.0 0.1 Vv lox=20 pA, Vix =V
0.0 04 Vv lox=4mA,Vix=Vi
Undervoltage Lockout uvLO Vb1, Voo, and Voor supply
Positive Going Threshold | Vuv: 1.6 \Y
Negative Going Threshold | Vuv- 1.5 \Y
Hysteresis VuvH 0.1 \Y
Input Currents per Channel I -10 +0.01 +10 HA 0V < Vix < Voox
Quiescent Supply Current
ADuM6410
Ioo1 @ 1.2 2.0 mA Vix = Logic 0
Iop2 @ 2.0 2.64 mA Vix = Logic 0
Ioo1 @ 1.2 19.6 mA Vix = Logic 1
Iop2 @ 2.0 2.76 mA Vix = Logic 1
ADuM6411
Ioo1 @ 1.46 232 mA Vix = Logic 0
Ipp2 (@ 1.75 2.47 mA Vix= Logic 0
Ioo1 @ 9.7 16.6 mA Vix = Logic 1
Iop2 @ 5.67 9.67 mA Vix = Logic 1
ADuM6412
Ioo1 @ 1.6 232 mA Vix = Logic 0
Iop2 @ 1.6 232 mA Vix = Logic 0
Ioo1 @ 7.2 11.2 mA Vix = Logic 1
Iop2 @ 84 11.2 mA Vix = Logic 1
Dynamic Supply Current
Input Ipoi ) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
Output Ipbo o) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
AC SPECIFICATIONS
Output Rise/Fall Time tw/te 25 ns 10% to 90%
Common-Mode Transient |CMy| 75 100 kV/ps Vix=Vop1 or Viso, Vem = 1000V,
Immunity’ transient magnitude = 800V
|CM| 75 100 kV/us Vix=0V,Vau= 1000V,

transient magnitude = 800V

T|CM4| is the maximum common-mode voltage slew rate that can be sustained while maintaining the voltage output (Vo) > 0.8 Voox. [CML| is the maximum common-
mode voltage slew rate that can be sustained while maintaining Vo > 0.8 V. The common-mode voltage slew rates apply to both the rising and falling common-mode

voltage edges.
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ELECTRICAL CHARACTERISTICS—1.8 V OPERATION DIGITAL ISOLATOR CHANNELS ONLY

All typical specifications are at Ta = 25°C, Vop1 = Vopz = 1.8 V. Minimum/maximum specifications apply over the entire recommended
operation range: 1.7 V < Vop1 £ 1.9V, 1.7 V < Vpp, < 1.9 V; and —40°C < Ta < +105°C, unless otherwise noted. Switching specifications
are tested with Ci = 15 pF and CMOS signal levels, unless otherwise noted. Supply currents are specified with 50% duty cycle signals.

Table 18 Data Channel Supply Current Specifications

1 Mbps 25 Mbps 100 Mbps
Parameter Symbol | Min Typ Max | Min Typ Max | Min Typ Max | Unit | Test Conditions/Comments
SUPPLY CURRENT CL.=0pF
ADuM6410 Ippr 6.4 9.8 7.2 1 102 152 | mA
Iop2 1.9 3.5 3.1 5.0 6.8 10 mA
ADuM6411 Iop1 5.5 9.1 6.3 10.0 9.6 140 | mA
Iop2 3.72 645 4.8 7.5 8.4 11.2 mA
ADuM6412 Ippr 4.3 7.7 53 8.7 8.6 126 | mA
Iop2 4.9 8.3 6.0 9.4 9.3 133 | mA
Table 19. Switching Specifications
Parameter Symbol | Min Typ Max | Unit Test Conditions/Comments
SWITCHING SPECIFICATIONS
Pulse Width PW 6.6 ns Within PWD limit
Data Rate 150 Mbps | Within PWD limit
Propagation Delay teu, tew | 5.8 8.7 15 ns 50% input to 50% output
Pulse Width Distortion PWD 07 3 ns |teLn — tow|
Change vs. Temperature 1.5 ps/°C
Propagation Delay Skew trsk 7.0 ns Between any two units at the same temperature, voltage, and
load
Channel Matching
Codirectional teskep 0.7 3.0 ns
Opposing Direction teskop 0.7 3.0 ns
Jitter 470 ps p-p
70 ps rms
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Table 20. Input and Output Characteristics

Parameter Symbol | Min Typ Max Unit Test Conditions/Comments
DC SPECIFICATIONS
Input Threshold
Logic High Vi 0.7 x Voox %
Logic Low Vi 0.3 X Voox \Y
Output Voltage
Logic High Von Voox = 0.1 Vbox Vv lox=—20 YA, Vix=Vix+
Vopx — 0.4 Vopx — 0.2 Vv lox=—=4mA, Vix= Vi
Logic Low Vo 0.0 0.1 Vv lox=20 pA, Vix =V
0.2 04 Vv lox=4 mA,Vix=Vix
Undervoltage Lockout uvLoO Vo1, Voo, and Voor supply
Positive Going Threshold | Vuv+ 1.6 \Y
Negative Going Threshold | Vuv- 1.5 \Y
Hysteresis Vo 0.1 \Y
Input Currents per Channel I -10 +0.01 +10 HA 0V < Vix < Voox
Quiescent Supply Current
ADuM6410
Ioo1 @ 1.2 1.92 mA Vix = Logic 0
Iop2 @ 2.0 2.64 mA Vix = Logic 0
Ioo1 @ 12.0 19.6 mA Vix = Logic 1
Iop2 @ 2.0 2.76 mA Vix = Logic 1
ADuM6411
Ioo1 @ 1.4 2.28 mA Vix = Logic 0
Iop2 @ 1.73 2.45 mA Vix = Logic 0
Iop1 @ 9.6 16.5 mA Vix = Logic 1
Iop2 @ 5.6 9.6 mA Vix = Logic 1
ADuM6412
Ioo1 @ 1.6 2.28 mA Vix = Logic 0
Iop2 @ 1.6 2.28 mA Vix = Logic 0
Ioo1 @ 7.2 1.2 mA Vix = Logic 1
Iop2 @ 84 11.2 mA Vix = Logic 1
Dynamic Supply Current
Input Iooi ) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
Output Iobo (b) 0.01 mA/Mbps | Inputs switching, 50% duty
cycle
AC SPECIFICATIONS
Output Rise/Fall Time tr/te 25 ns 10% to 90%
Common-Mode Transient |CMy| 75 100 kV/us Vix=Vop1 or Viso, Vem = 1000V,
Immunity transient magnitude = 800V
|CM| 75 100 kV/ps Vix=0V,Vau= 1000V,

transient magnitude = 800V

! |CMy| is the maximum common-mode voltage slew rate that can be sustained while maintaining the voltage output (Vo) > 0.8 Voox. [CML| is the maximum common-
mode voltage slew rate that can be sustained while maintaining Vo > 0.8 V. The common-mode voltage slew rates apply to both the rising and falling common-mode

voltage edges.
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PACKAGE CHARACTERISTICS

Table 21. Thermal and Isolation Characteristics

Parameter Symbol | Min Typ Max | Unit | Test Conditions/Comments

Resistance (Input to Output)’ Rio 102 Q

Capacitance (Input to Output)’ Cio 2.2 pF f=1MHz

Input Capacitance? G 4.0 pF

IC Junction to Ambient Thermal Resistance | 6a 50 °C/W | Thermocouple located at center of package underside,
test conducted on 4-layer board with thin traces®

" The device is considered a 2-terminal device: Pin 1 to Pin 8 are shorted together, and Pin 9 to Pin 16 are shorted together.
2 Input capacitance is from any input data pin to ground.
3 See the Thermal Analysis section for thermal model definitions.

REGULATORY APPROVALS
Table 22.

UL(Pending)’ CSA(Pending) VDE (Pending)? CQC (Pending)

Recognized Under 1577 Component | Approved under CSA Component DINVVDEV 0884-10 Certified under
Recognition Program’ Acceptance Notice 5A (VDEV 0884-10):2006-12 CQC11-471543-2012

Single Protection, 3750V rms CSA 60950-1-07+A1+A2 and IEC Reinforced Insulation 565V peak, | GB4943.1-2011
Isolation Voltage 60950-1, second edition, +A1+A2: Viosm = 10 kV peak

Basic insulation at 400V rms Reinforced insulation at
(565 V peak) 385V rms (545 V peak)

Reinforced insulation at 265V rms
(375V peak)

IEC60601-1 ED3

Basic insulation (1MOPP), 250V rms
(354 V peak)

CSA 61010-1-12 and IEC 61010-1
third edition

Basic insulation at 300V rms mains

Reinforced insulation at: 150V rms
mains

File E214100 File 205078 File 2471900-4880-0001 File (pending)

"In accordance with UL 1577, each ADuM6410/ADuM6411/ADuM6412 is proof tested by applying an insulation test voltage > 4500 V rms for 1 second (current leakage
detection limit= 10 pA).

21n accordance with DIN V VDE V 0884-10, each ADuM6410/ADuM6411/ADuM6412 is proof tested by applying an insulation test voltage =1590 V peak for 1 second
(partial discharge detection limit = 5 pC). The * marking branded on the component designates DIN V VDE V 0884-10 approval.

INSULATION AND SAFETY RELATED SPECIFICATIONS

Table 23. Critical Safety Related Dimensions and Material Properties

Parameter Symbol | Value Unit Test Conditions/Comments

Rated Dielectric Insulation Voltage 3750 Vrms 1-minute duration

Minimum External Air Gap (Clearance) L(l01) 53 mm min | Measured from input terminals to output terminals,
shortest distance through air

Minimum External Tracking (Creepage) L(102) 53 mm min | Measured from input terminals to output terminals,
shortest distance path along body

Minimum Clearance in the Plane of the Printed L(PCB) | 5.6 mm min | Measured from input terminals to output terminals,

Circuit Board (PCB Clearance) shortest distance through air, line of sight, in the PCB

mounting plane

Minimum Internal Gap (Internal Clearance) 17 pm min | Minimum distance through insulation

Tracking Resistance (Comparative Tracking Index) CTI >400 \Y DIN IEC 112/VDE 0303, Part 1

Isolation Group I Material group (DIN VDE 0110, 1/89, Table 1)
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DIN V VDEV 0884-10 (VDE V 0884-10) INSULATION CHARACTERISTICS

These isolators are suitable for reinforced electrical isolation only within the safety limit data. Maintenance of the safety data is ensured by

the protective circuits. The asterisk (*) marking on packages denotes DIN V VDE V 0884-10 approval.

Table 24. VDE Characteristics

Description Test Conditions/Comments Symbol | Characteristic | Unit
Installation Classification per DIN VDE 0110
For Rated Mains Voltage < 150V rms Ito IV
For Rated Mains Voltage < 300V rms Ito IV
For Rated Mains Voltage < 400V rms Itolll
Climatic Classification 40/105/21
Pollution Degree per DIN VDE 0110, Table 1 2
Maximum Working Insulation Voltage Viorm 565 V peak
Input to Output Test Voltage, Method b1 Viorm X 1.875 = Vpr, 100% production test, tm = 1 sec, Vpd(m) 1059 V peak
partial discharge < 5 pC
Input to Output Test Voltage, Method a
After Environmental Tests Subgroup 1 Viorm X 1.5 = Vpd(m), tini = 60 sec, tm = 10 sec, Vpd(m) 848 V peak
partial discharge < 5 pC
After Input and/or Safety Test Subgroup 2 | Vioam X 1.2 = Vpd(m), tini = 60 sec, tm = 10 sec, Vpd(m) 678 V peak
and Subgroup 3 partial discharge < 5 pC
Highest Allowable Overvoltage Transient overvoltage, trr = 10 sec Viotm 5300 V peak
Withstand Isolation Voltage 1-minute withstand rating Viso 3750 Vrms
Surge Isolation Voltage Viosmrest) = 10 kV, 1.2 s rise time, 50 ps, 50% fall time | Visom 6000 V peak
Safety Limiting Values Maximum value allowed in the event of a failure
(see Figure 2)
Case Temperature Ts 150 °C
Total Power Dissipation at 25°C Is1 25 W
Insulation Resistance at Ts Vio =500V Rs >10° Q
3.0 RECOMMENDED OPERATING CONDITIONS
25 Table 25.
g Parameter Symbol | Min | Max Unit
g 20 Operating Temperature’ Ta -40 | +105 | °C
§ Supply Voltages?
g 15 VooratViso=3.0Vto3.6V | Voor 3.0 5.5 Vv
s VooratViso=45Vt0 55V 45 |55 v
E 10 Vob1, Vop2 Voo1, Vop2 | 1.7 5.5 Vv
<
? ! Operation at 105°C requires reduction of the maximum load current as
05 specified in Table 26.
2 Each voltage is relative to its respective ground.
% 50 100 150

AMBIENT TEMPERATURE (°C)

N

o

o
14696-002

Figure 2. Thermal Derating Curve, Dependence of Safety Limiting Values on
Case Temperature, per DIN EN 60747-5-2
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ABSOLUTE MAXIMUM RATINGS

Ambient temperature (Ta) = 25°C, unless otherwise noted.

Table 26.
Parameter Rating
Storage Temperature (Tst) —55°C to +150°C
Ambient Operating Temperature (Ta) —40°C to +105°C
Supply Voltages (Voo1, Voor, Voo, Viso)! -0.5Vto+7.0V
Viso Supply Current?

Ta=—-40°Cto +105°C 30 mA

Input Voltage (Via, Vis, Vic, Vio, V1, Ve,
Vse, PDIS)"3

Output Voltage (Voa, Vo, Voc, Voo) 3

Average Output Current Per Data
Output Pin*

Common-Mode Transients®

-0.5VtoVooi+0.5V

—0.5VtoVopo+ 0.5V
—-10mAto+10 mA

—150 kV/ps to +150 kV/us

Stresses at or above those listed under Absolute M