ANALOG
DEVICES

3.0 kV RMS/3.75 kV RMS
Quad Digital Isolators

ADuM140D/ADuM140E/ADuM141D/ADuM141E/ADuM142D/ADuM142E

FEATURES

High common-mode transient immunity: 100 kV/ps
High robustness to radiated and conducted noise
Low propagation delay
13 ns maximum for 5 V operation
15 ns maximum for 1.8 V operation
150 Mbps maximum guaranteed data rate
Safety and regulatory approvals
UL recognition
3000 V rms/3750 V rms for 1 minute per UL 1577
CSA Component Acceptance Notice 5A
VDE certificate of conformity
DIN V VDE V 0884-11 (VDE V 0884-11):2017-01
Viorm = 849 V peak
CQC certification per GB4943.1-2011
Backward compatibility
ADuM140E1/ADuM141E1/ADuM142E1 pin-compatible
with ADuM1400/ADuM1401/ADuM1402
Low dynamic power consumption
1.8V to 5V level translation
High temperature operation: 125°C
Fail-safe high or low options
16-lead, RoHS compliant, SOIC package
Qualified for automotive applications

APPLICATIONS

General-purpose multichannel isolation
Serial peripheral interface (SPI)/data converter isolation
Industrial field bus isolation

GENERAL DESCRIPTION

The ADuM140D/ADuM140E/ADuM141D/ADuM141E/
ADuM142D/ADuM142E' are quad-channel digital isolators
based on Analog Devices, Inc., iCoupler® technology. Combining
high speed, complementary metal-oxide semiconductor (CMOS)
and monolithic air core transformer technology, these isolation
components provide outstanding performance characteristics
superior to alternatives such as optocoupler devices and other
integrated couplers. The maximum propagation delay is 13 ns
with a pulse width distortion of less than 3 ns at 5 V operation.
Channel matching is tight at 3.0 ns maximum.

The ADuM140D/ADuM140E/ADuM141D/ADuM141E/
ADuM142D/ADuM142E data channels are independent and
are available in a variety of configurations with a withstand
voltage rating of 3.0 kV rms or 3.75 kV rms (see the Ordering
Guide). The devices operate with the supply voltage on either
side ranging from 1.8 V to 5 V, providing compatibility with
lower voltage systems as well as enabling voltage translation
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FUNCTIONAL BLOCK DIAGRAMS

(d
Vop: (1) ADUM140D/ADUM140E  (19)v,,,

DISABLE/NIC (7)
GND,

NOTES

1. NIC = NO INTERNAL CONNECTION. LEAVE THIS PIN FLOATING.

2.PIN 7 IS DISABLE, AND PIN 10 IS NIC FOR THE ADuM140D, AND
PIN 7 1S NIC AND PIN 10 IS Vg, FOR THE ADuM140E.

Figure 1. ADuM140D/ADuM140E Functional Block Diagram

13119-101

NOTES
1. PIN 7 1S DISABLE{ AND PIN 10 IS DISABLE; FOR THE ADuM141D,
AND PIN 7 IS Vg4 AND PIN 10 IS Vg3 FOR THE ADUM141E.

Figure 2. ADuM141D/ADuM141E Functional Block Diagram
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NOTES
1. PIN 7 IS DISABLE; AND PIN 10 IS DISABLE, FOR THE ADuM142D,
AND PIN 7 IS Vg4 AND PIN 10 IS Vg; FOR THE ADuM142E.

Figure 3. ADuM142D/ADuM142E Functional Block Diagram
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functionality across the isolation barrier.

Unlike other optocoupler alternatives, dc correctness is ensured
in the absence of input logic transitions. Two different fail-safe
options are available, by which the outputs transition to a pre-
determined state when the input power supply is not applied or the
inputs are disabled. The ADuM140E1/ADuM141E1/ADuM142E1
are pin-compatible with the ADuM1400/ADuM1401/ADuM1402.

! 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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SPECIFICATIONS

ELECTRICAL CHARACTERISTICS—5 V OPERATION

All typical specifications are at Ta = 25°C, Voo = Vone = 5 V. Minimum/maximum specifications apply over the entire reccommended
operation range of 4.5 V < Vpp1 < 5.5V, 4.5V < Vpp, < 5.5V, and —40°C < Ta < +125°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 1.
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 teu, ten | 4.8 7.2 13 ns 50% input to 50% output
Pulse Width Distortion PWD 0.5 3 ns [tpun — tor|
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 0.5 3.0 ns
Opposing Direction tpskop 0.5 3.0 ns
Jitter 490 ps p-p See the Jitter Measurement section
70 psrms See the Jitter Measurement section
DC SPECIFICATIONS
Input Threshold Voltage
Logic High Vin 0.7 X Vioox \
Logic Low Vi 03xVoox |V
Output Voltage
Logic High Von Voox— 0.1 Vbpx \Y lox® = =20 PA, Vix = Vixs®
Voox— 04 Voox— Vv lox? = =4 mA, Vix = Vix®
0.2
Logic Low Vou 0.0 0.1 \Y lox® = 20 PA, Vix = Vi *
0.2 04 \ lox? =4 mA, Vix=Vi*
Input Current per Channel I -10 +0.01 +10 UA 0V < Vik < Voox
Ve2 Enable Input Pull-Up Current lru -10 -3 UA V=0V
DISABLE; Input Pull-Down Current | Iep 9 15 MA DISABLE+ = Vbpx
Tristate Output Current per Channel | loz -10 +0.01 +10 UA 0V < Vox < Voox
Quiescent Supply Current
ADuM140D/ADuM140E
loo1 @ 1.2 2.2 mA Vi =0 (EO, DO), 1 (E1,D1)®
lop2 (@) 20 2.72 mA Vi =0 (EO, DO), 1 (E1,D1)8
loo1 @ 12.0 20.0 mA V¢ =1 (EO, D0), 0 (E1, D1)¢
Ioo2 @ 2.0 2.92 mA Vi =1 (EO, DO), 0 (E1,D1)®
ADuM141D/ADuUM141E
lop1 (@ 1.6 246 mA Vi =0 (EO, DO), 1 (E1,D1)8
loo2 @ 1.9 2.62 mA V¢ =0 (E0, DO), 1 (E1, D1)¢
loo1 @ 10.0 17.0 mA Vi =1 (EO, DO), 0 (E1,D1)®
Iob2 @) 6.0 10.0 mA Ve =1 (EO, DO), 0 (E1,D1)®
ADuM142D/ADuM142E
loo1 @ 1.6 2.46 mA V¢ =0 (E0, DO), 1 (E1, D1)¢
loo2 @ 1.6 2.46 mA Vi =0 (E0, DO), 1 (E1,D1)®
loo1 @ 7.2 11.5 mA Vi =1 (EO, DO), 0 (E1,D1)®
loo2 @ 8.4 1.5 mA V¢ =1 (EO, D0), 0 (E1, D1)¢
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Parameter Symbol | Min Typ Max Unit Test Conditions/Comments
Dynamic Supply Current
Dynamic Input Iooi (o) 0.01 mA/Mbps | Inputs switching, 50% duty cycle
Dynamic Output Iopo (o) 0.02 mA/Mbps | Inputs switching, 50% duty cycle
Undervoltage Lockout UvLO
Positive Voox Threshold Vooxuv+ 1.6 v
Negative Voox Threshold Vobxuv- 1.5 Vv
Vopx Hysteresis Vopxuvh 0.1 \"
AC SPECIFICATIONS
Output Rise/Fall Time tr/tr 25 ns 10% to 90%
Common-Mode Transient |CMy| 75 100 kV/ps Vix = Vopx, Vem = 1000V,
Immunity’ transient magnitude = 800 V
|cM| 75 100 kV/us Vik=0V, Vew = 1000V,
transient magnitude = 800 V

1150 Mbps is the highest data rate that can be guaranteed, although higher data rates are possible.

2 |ox is the Channel x output current, where x = A, B, C, or D.

3 Vix is the input side logic high.

4Vix is the input side logic low.

® Vi is the voltage input.

6 EO is the ADuM140E0/ADuM141E0/ADUM142E0 models, DO is the ADuM140D0/ADuM141D0/ADuM142D0 models, E1 is the ADuM140E1/ADuM141E1/ADUM142E1
models, and D1 is the ADuM140D1/ADuM141D1/ADuM142D1 models. See the Ordering Guide section.

7|CMu| 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 rising and falling common-mode
voltage edges.

Table 2. Total Supply Current vs. Data Throughput

1 Mbps 25 Mbps 100 Mbps
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit
SUPPLY CURRENT
ADuM140D/ADuM140E
Supply Current Side 1 Ipp1 6.8 10 7.8 12 11.8 17.4 mA
Supply Current Side 2 Iop2 2.1 3.7 3.9 57 9.2 13 mA
ADuM141D/ADUM141E
Supply Current Side 1 Iop1 5.8 10.3 7.0 10.9 11.4 15.9 mA
Supply Current Side 2 Iob2 4.0 6.85 55 8.5 10.3 14.0 mA
ADuM142D/ADuM142E
Supply Current Side 1 Iop1 43 77 6.0 9.3 10.3 14.2 mA
Supply Current Side 2 Iop2 53 8.7 6.7 10.1 11.0 14.9 mA
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ELECTRICAL CHARACTERISTICS—3.3 V OPERATION

All typical specifications are at Ta = 25°C, Vo1 = Vopz = 3.3 V. Minimum/maximum specifications apply over the entire reccommended
operation range: 3.0 V< Voo £3.6 V, 3.0 V < Vo £ 3.6 V, and —40°C < Ta < +125°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 3.
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 teny, trn | 4.8 6.8 14 ns 50% input to 50% output
Pulse Width Distortion PWD 0.7 3 ns [tpLi — ton|
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 580 ps p-p See the Jitter Measurement section
120 ps rms See the Jitter Measurement section
DC SPECIFICATIONS
Input Threshold Voltage
Logic High Vin 0.7 X Voox Vv
Logic Low Vi 0.3 X Voox | V
Output Voltage
Logic High Von Voox — Voox \'% lox? = =20 PA, Vix = Vi
Voox— 0.4 Vopx—0.2 \' lox? = =2 mA, Vix = Vix®
Logic Low Vou 0.0 0.1 \% lox2 =20 PA, Vix = Vi*
0.2 0.4 Vv lo® =2 mA, Vix = Vi*
Input Current per Channel I -10 +0.01 +10 MA 0V < Vi < Voox
Vez2 Enable Input Pull-Up Current lru -10 -3 MA Vee=0V
DISABLE; Input Pull-Down Current ) 9 15 MA DISABLE: = Vopx
Tristate Output Current per Channel loz -10 +0.01 +10 MA 0V < Vox < Voox
Quiescent Supply Current
ADuM140D/ADuM140E
loo1 @ 1.2 212 mA >=0 (E0, DO), 1 (E1,D1)®
Iob2 (@) 2.0 2.68 mA >=0 (E0, DO), 1 (E1, D1)®
loo1 @ 12.0 19.6 mA =1(EO, D0), 0 (E1,D1)8
loo2 @ 2.0 2.8 mA °>=1(EO, D0), 0 (E1,D1)®
ADuM141D/ADuM141E
loo1 (@) 1.5 2.36 mA >=0 (E0, DO), 1 (E1,D1)®
loo2 @ 1.8 2.52 mA =0 (E0, D0), 1 (E1,D1)8
loo1 @ 9.8 16.7 mA °>=1(EO, D0), 0 (E1,D1)®
Ioo2 @ 57 9.7 mA >=1(EO, D0O), 0 (E1, D1)®
ADuM142D/ADuM142E
loo1 @ 1.6 24 mA =0 (E0, D0), 1 (E1,D1)8
loo2 @ 1.6 24 mA °>=0(EO, DO), 1 (E1,D1)®
loo1 @ 7.2 1.2 mA >=1(EO, DO), 0 (E1, D1)®
ooz (@) 8.4 1.2 mA >=1(EO, DO), 0 (E1, D1)®
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Parameter Symbol | Min Typ Max Unit Test Conditions/Comments
Dynamic Supply Current
Dynamic Input Iooi (o) 0.01 mA/Mbps | Inputs switching, 50% duty cycle
Dynamic Output Iopo (o) 0.01 mA/Mbps | Inputs switching, 50% duty cycle
Undervoltage Lockout UvLO
Positive Voox Threshold Vooxuv+ 1.6 \%
Negative Voox Threshold Vobxuv- 1.5 Vv
Voox Hysteresis Vopxuvh 0.1 Vv
AC SPECIFICATIONS
Output Rise/Fall Time tr/tr 25 ns 10% to 90%
Common-Mode Transient Immunity’ | |CM4| 75 100 kV/us Vix = Voox, Vem = 1000V,
transient magnitude = 800 V
|cM| 75 100 kV/us Vik=0V, Ve = 1000V,
transient magnitude = 800 V

1150 Mbps is the highest data rate that can be guaranteed, although higher data rates are possible.

2 |ox is the Channel x output current, where x = A, B, C, or D.

3 Vix is the input side logic high.

4Vix is the input side logic low.

® Vi is the voltage input.

6 EO is the ADuM140E0/ADuM141E0/ADUM142E0 models, DO is the ADuM140D0/ADuM141D0/ADuM142D0 models, E1 is the ADuM140E1/ADuM141E1/ADUM142E1
models, and D1 is the ADuM140D1/ADuM141D1/ADuM142D1 models. See the Ordering Guide section.

7|CMu| 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 rising and falling common-mode
voltage edges.

Table 4. Total Supply Current vs. Data Throughput

1 Mbps 25 Mbps 100 Mbps
Parameter Symbol Min Typ Max Min Typ Max Min Typ Max Unit
SUPPLY CURRENT
ADuM140D/ADuM140E
Supply Current Side 1 Ipp1 6.6 9.8 74 11.2 10.7 15.9 mA
Supply Current Side 2 Iop2 2.0 3.7 35 55 8.2 11.6 mA
ADuM141D/ADUM141E
Supply Current Side 1 Iop1 5.65 10.1 6.65 10.5 10.4 14.9 mA
Supply Current Side 2 Iob2 3.9 6.65 52 8.0 924 12.8 mA
ADuM142D/ADuM142E
Supply Current Side 1 Iop1 43 77 5.6 2.0 9.1 13 mA
Supply Current Side 2 Iop2 5.0 84 6.2 9.6 9.8 13.7 mA
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ELECTRICAL CHARACTERISTICS—2.5 V OPERATION

All typical specifications are at Ta = 25°C, Vo1 = Vppz = 2.5 V. Minimum/maximum specifications apply over the entire reccommended
operation range: 2.25 V < Vpp; < 2.75V, 225V < Vpp, £ 2.75 V, —40°C < Ta < +125°C, unless otherwise noted. Switching specifications
are tested with Cr = 15 pF and CMOS signal levels, unless otherwise noted. Supply currents are specified with 50% duty cycle signals.

Table 5.
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 ten, tw | 5.0 7.0 14 ns 50% input to 50% output
Pulse Width Distortion PWD 0.7 3 ns [tpLn — tor|
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 0.7 3.0 ns
Opposing Direction tpskop 0.7 3.0 ns
Jitter 800 ps p-p See the Jitter Measurement section
190 psrms See the Jitter Measurement section
DC SPECIFICATIONS
Input Threshold Voltage
Logic High Vin 0.7 X Voox Vv
Logic Low Vi 0.3xVopx | V
Output Voltage
Logic High Von Voox — Voox \Y lox? = =20 PA, Vix = Vixs®
Voox— 0.4 Vopx— 0.2 \' lox> = =2 MA, Vix = Vixi?®
Logic Low Vou 0.0 0.1 \% lox? = 20 PA, Vix = Vi *
0.2 0.4 Vv lox? =2 mA, Vix = Vi*
Input Current per Channel I -10 +0.01 +10 MA 0V < Vi < Voox
Vez2 Enable Input Pull-Up Current lru -10 -3 pA Vee=0V
DISABLE; Input Pull-Down Current ) 9 15 HA DISABLE = Vobx
Tristate Output Current per Channel loz -10 +0.01 +10 MA 0V < Vox < Voox
Quiescent Supply Current
ADuM140D/ADuM140E
loo1 @ 1.2 2.0 mA =0 (E0, DO), 1 (E1,D1)®
Iob2 @) 2.0 2.64 mA =0 (E0, DO), 1 (E1,D1)®
loo1 @ 1.2 19.6 mA =1 (EO, DO0), 0 (E1,D1)8
loo2 @ 2.0 2.76 mA =1(EO, DO0), 0 (E1,D1)®
ADuM141D/ADuM141E
loo1 (@) 1.46 232 mA =0 (E0, DO), 1 (E1,D1)®
loo2 @ 1.75 247 mA =0 (E0, DO), 1 (E1,D1)8
loo1 @ 9.7 16.6 mA =1(EO, DO0), 0 (E1,D1)®
Ioo2 @ 5.67 9.67 mA =1 (EO, DO), 0 (E1,D1)®
ADuM142D/ADuM142E
loo1 @ 1.6 2.32 mA =0 (E0, DO), 1 (E1,D1)8
loo2 @ 1.6 2.32 mA =0 (E0, DO0), 1 (E1,D1)8
loo1 @ 7.2 11.2 mA =1 (EO, DO), 0 (E1,D1)®
Iob2 @) 8.4 11.2 mA =1 (EO, D0), 0 (E1,D1)®
Dynamic Supply Current
Dynamic Input Iooi (o) 0.01 mA/Mbps | Inputs switching, 50% duty cycle
Dynamic Output looo (o) 0.01 mA/Mbps | Inputs switching, 50% duty cycle
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