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NVE CORPORATION IL600 Series

Passive-Input Digital Isolators — CMOS Outputs

Functional Diagrams Features

e Up to 100 Mbps Data Rate
¢ Single-ended or Differentia Input Operation
o Flexible Inputs with Very Wide Input Voltage Range
¢ Failsafe Output (logic high output for zero coil current)
¢ Output Enable (1L610)
e 3.3V or 5V Operation / Level Trandlation
e 2500 Vrys Isolation (1 minute)
e Low Power Dissipation
e —40°C to 85°C Temperature Range
ouT, e 20 kV/us Transient Immunity
e Low EMC Footprint
OouT, e UL1577 and IEC61010-2001 Approved
e 8-Pin MSOP, SOIC, and PDIP Packages
IL611 e Bare Die Available (IL610)
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Applications

CAN Bus/ Device Net

Differential Line Receiver

Optocoupler Replacement

SPI Interface

RS-485, RS-422, or RS-232

Digital Fieldbus

Space-critical multi-channel applications

Voo

ouT, *_

IL612

OouT,

T
Y

Voo

ouT, Description

The IL600 Series are passive input digital signal isolators with
CMOS outputs. They have asimilar interface but better
performance and higher package density than optocouplers.

The devices are manufactured with NVE's patented*
IsoL.oop® spintronic Giant Magnetoresistive (GMR)

ouT,

ouT,

YvYy

IL613 technology for small size, high speed, and low power.
A single resistor sets the maximum input current for voltages
ouT j above 0.5 V. A capacitor in parallel with the current-limit
vi g IN, resistor provides improved dynamic performance.
OE
IN, ’ ouT, These versatile components simplify inventory requirements
by replacing a variety of optocouplers and functioning over a
coiL ouT wide range of data rates, edge speeds, and power supply
N ’ : levels. The devices are available in MSOP, SOIC, and PDIP
: packages, as well as bare die.
IL614
IsoLoop® is aregistered trademark of NV E Corporation. REV.V

*U.S. Patent number 5,831,426; 6,300,617 and others.

NVE Corporation 11409 Valley View Road, Eden Prairie, MN 55344-3617  Phone: (952) 829-9217  Fax: (952) 829-9189  www.lsoLoop.com ©NVE Corporation
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Absolute Maximum Ratings"

Parameters Symbol Min. Typ. M ax. Units Test Conditions
Storage Temperature Ts -55 150 °C
Ambient Operating Temperature Ta —55 125 °C
Supply Voltage Voo -0.5 7 V
DC Input Current Iin -25 25 mA
AC Input Current (Single-Ended Input) Iy -35 35 mA
AC Input Current (Differential |nput) Iin =75 75 mA
Output Voltage Vo -0.5 Vootl.5 \Y
Maximum Output Current lo -10 10 mA
ESD 2 kv HBM
Note 1: Operating at absolute maximum ratings will not damage the device. Parametric performance is not guaranteed at absol ute maximum ratings.
Recommended Operating Conditions
Parameters Symbol Min. Typ. M ax. Units Test Conditions
Ambient Operating Temperature T —40 85 °C
Supply Voltage Vo 3.0 55 \Y
Input Current Low I Low 5 10 mA Current flow direction
Input Current High | n Hich -10 0.5 mA defined as positive when
Differential Input Current Low IinLow 5 60 mA flowing into the Coil—
Differential Input Current High I Hica —60 -5 mA terminal and out Coil+
Output Current lout -4 4 mA
Common Maode Input Voltage Vem 400 Vs
Insulation Specifications
Parameters Symbol Min. Typ. M ax. Units Test Conditions
Creepage Distance (mm)
MSOP 3.01 mm
0.15" SOIC 4.03 mm
0.3" SOIC 8.08 mm
0.3" PDIP 7.08 mm
Internal Isolation Distance 9 um
L eakage Current 0.2 HA 240 V gys, 60 HZ
Barrier Impedance >10%||7 Q| pF
Rated Voltage (1 minute; MSOP) Viso 1,000 Vac 50Hz to 60 Hz
Rated Voltage (1 min.; SOIC & PDIP) Viso 2,500 Vac 50 Hz to 60 Hz
Safety and Approvals
IEC61010-2001
TUV Certificate Numbers: N1502812, N1502812-101
Classification: Reinforced Insulation
Pollution Material Max. Working
Model Package Degree Group Voltage
IL610-2E, IL611-2E, IL612-2E PDIP Il 11 300 Vgrus
IL613E, IL614E SOIC (0.3") Il I 300 Vrus
IL610-3E, IL611-3E, IL612-3E, IL613-3E, IL614-3E SOIC (0.15") I 11 150 Vrus

UL 1577

Component Recognition Program File Number: E207481

Rated 2,500V gys for 1 minute (SOIC, PDIP)

Soldering Profile

Per JEDEC J-STD-020C

Electrostatic Discharge Sensitivity

This product has been tested for electrostatic sensitivity to the limits stated in the specifications. However, NV E recommends that all integrated
circuits be handled with appropriate care to avoid damage. Damage caused by inappropriate handling or storage could range from performance

degradation to complete failure.
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IL610 Pin Connections

1 NC | Nointerna connection
2 IN+ | Coail connection
3 IN— | Cail connection
4 NC | Nointernal connection
5 GND | Ground return for Vpp
6 OUT | Dataout
7 Vi Output enable. _
Internally held low with 100 kQ

8 Voo | Supply Voltage

IL611 Pin Connections
1 IN;+ | Channel 1 coil connection
2 IN;— | Channel 1 coil connection
3 IN,+ | Channel 2 coil connection
4 IN,— | Channel 2 coil connection
5 GND | Ground return for Vpp
6 OUT, | Dataout, channel 2
7 OUT, | Dataout, channel 1
8 Vpp | Supply Voltage

IL612 Pin Connections

1 IN; Datain, channel 1

2 Vpp1 | Supply Voltage 1

3 OUT, | Dataout, channel 2

4 GND; | Ground return for Vpp;
5 GND, | Ground return for Vpp,
6 IN, Datain, channel 2

7 Vpp2 | Supply Voltage 2

8 OUT, | Dataout, channel 1

IL613 Pin Connections

IN;+ | Channel 1 coil connection

2 NC l\_lo connection _
(internally connected to pin 8)

3 IN;— | Channel 1 coil connection

4 IN,+ | Channel 2 coil connection

5 IN,— | Channel 2 coil connection

6 INs+ | Channel 3 coil connection

7 INs— | Channel 3 coil connection

8 NC l\_lo connection _
(internally connected to pin 2)
Ground return for Vpp

9 GND (internally connected to pin 15)

10 | OUT; | Dataout, channel 3

11 NC | No connection

12 Voo Supply Voltage. Pin 12 and pin 16
must be connected externally

13 | OUT, | Dataout, channel 2

14 | OUT, | Dataout, channel 1
Ground return for Vpp

15 | GND (internally connected to pin 9)

16 Vop Supply Voltage. Pin 12 and pin 16
must be connected externally

IL600 Series

NC |1]| ®

IN+
IN-
NC

VDD
Voe
[6] ouT
GND

IL610

INg# [1] ®

IN,- |2
IN# [3]
IN,- E

@ VDD
ouT,
[6] OUT,

GND

IL611

N [] o
VDDl
ouT,

GND,

8] OUT,
ﬂ VDDZ
5] I,

5] GND,

IL612

IN+ [1] ®
NC [2]
IN;- |3
IN+ [4]
INs [5]
INg+ [6]
INs- [7

NC [s]

E Voo

5] GND*
4] ouT,
13] ouT,
2] Vg
1] NC
0] our,

(9] GND

IL613

Note: Pins 12 and 16 must be connected externally.
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IL614 Pin Connections

1 Vpp:1 | Supply Voltage 1
Ground return for V
2 | GNDy (internally connecteg[;z) pin 8) Voo [1] @ 6] INy-
3 OUT, | Dataout, channel 1 GND, E E GND,
4 RE | Channel 1 data output enable.
Internally held low with 100 kQ ouT, [3] 4] INg+
5 IN, Datain, channel 2 o
6 V... | Supply connection for RE [4] 3] our,
il | channel 2 and channel 3 coils
7 IN3 Datain, channel 3 IN, [5 12] Voo2
Ground return for V
8 | GND (internally connectecDiDti) pin 2) Veor [%] 1] ouT,
Ground return for V
9 | GND, (internally connected to pin 15) N, 7] 1 ne
10 NC No Connection GND, E [9] GND,
11 | OUT; | Dataout, channel 3
12 | Vppo | Supply Voltage 2 IL614
13 OUT, | Dataout, channel 2
14 IN;+ | Coil connection
Ground return for Vpp,
15 | GND, (internally connected to pin 9)
16 IN;— | Coail connection
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Electrical Specifications

IL600 Series
y X

Electrical specificationsare Ty, t0 Tnax @nd 4.5V t0 5.5 V unless otherwise stated.

Parameters Symbol Min. Typ. M ax. Units Test Conditions
Caoil Input Impedance Zcow 85|19 Q|InH ;r/AD';B: 3205 VCto 55V
Temperaure Coefficient TC Reon 0.2 0.25 QFC | Vpp=30V 1055V
S Single or Differential
Input Threshold for Output Logic High l\NH 0.5 1 mA VDS= 30V 1055V
) Single or Differential
Input Threshold for Output Logic Low IinL 5 35 mA VDI:?: 30V 1055V
IL610, Ipp 2 3 mA
IL611, Ipp 4 6 mA
IL612, Ippy 2 3 mA
QUle&:ent Current IL612, Ipp, 2 3 mA Vpp=5V, =0
IL613, Ipp 6 9 mA
IL614, Ippy 2 3 mA
IL614, Ipp2 4 6 mA
Logic High Output Voltage Von 4.9 5 \ Vpp =5V, lo=20 pA
4.0 4.8 Vpp =5V, lp=4mA
Logic Low Output Voltage Voo 0 0.1 \% Vpp =5V, lo=—20 yA
0.2 0.8 VDD:5V,|O:_4mA
Logic Output Drive Current [lo] 7 10 mA
Fallsafe O . (1) IFSHIGH _25 05 mA . .
peration Input Current See Test Circuit 1
IFS-LOW 5 25 mA
Switching Specifications at 5V
Input Signal Rise and Fall Times tire e 1 us See Test Circuit 1
Data Rate 100 Mbps See Test Circuit 1
Minimum Pulse Width® PW 10 ns See Test Circuit 1
m?gﬁf_'fgv%day Input to Output ey 8 15 ns See Test Circuit 1
(P[geva?gtg’iggday Input to Output - 8 15 ns See Test Circuit 1
Average Propagation Delay Drift tpLH 10 ps/°C
Pulse Width Distortion [toy, —te o PWD 3 5 ns See Test Circuit 1
Pulse Jitter™ t 100 ps See Test Circuit 1
Propagation Delay Skew® tpsk -2 2 ns See Test Circuit 1
Output Rise Time (10-90%) tr 2 4 ns SeeTest Circuit 1
Output Fall Time (10-90%) te 2 4 ns See Test Circuit 1
Common Mode Transient Immunity [CMyl,ICM | 15 20 kV/us V1 =300 Vpex

Notes:

1. Failsafe Operation is defined as the guaranteed output state which will be achieved if the DC input current falls between the input levels specified

(see Test Circuit for details).

PWD isdefined as | teu. - tpuH |-

aswN

Minimum Pulse Width is the shortest pulse width at which the specified PWD is guaranteed.

66,535-bit pseudo-random binary signal (PRBS) NRZ bit pattern with no more than five consecutive 1s or Os; 800 ps transition time.
tpsk IS equal to the magnitude of the worst case difference in tpy. and/or te 4 that will be seen between units at 25°C.
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Electrical specificationsare T, t0 T @nd 3.0V to 3.6V unless otherwise stated.

Parameters Symbol Min. Typ. M ax. Units | Test Conditions
IL610, Ipp 13 2 mA
IL611, Ipp 2.6 4 mA
IL612, Ippy 13 2 mA
Quiescent Current IL612, Ipp> 1.3 2 mA Vpp=33V,I|y=0
IL613, Ipp 4 6 mA
IL614, Ipp; 13 2 mA
IL614, Ippo 2.6 4 mA
- 32 33 \% Vpp=33V,lo=20pA
Logic High Output Voltage VoH 30 31 Vop=33V lo=4mA
) 0 0.1 V Vpp=33V, lo=—20 yA
Logic Low Output Voltage Voo 02 08 Voo= 33V, lo= —4mA
Logic Output Drive Current [lo] 7 10 mA
Fai i @ IEs g —25 0.3 mA o
ailsafe Operation Input Current See Test Circuit 1
IFSLOW 8 25 mA
Switching Specifications at 3.3V
Input Signal Rise and Fall Times tir, e 1 Us See Test Circuit 1
Data Rate 100 Mbps | SeeTest Circuit 1
Minimum Pulse Width™ PW 10 ns See Test Circuit 1
(P;"i’gﬁ?)“fgw[;e'ay Inpuit to Output - 12 18 ns | SeeTest Circuit1
E’Lrgeva?j‘ﬁigge'ay Input to Output tey 12 18 ns | SeeTest Circuit1
Average Propagation Delay Drift teLH 10 ps°C
Pulse Width Distortion [t —te | © PWD 3 5 ns See Test Circuit 1
Propagation Delay Skew® tpsk -2 2 ns See Test Circuit 1
Output Rise Time (10-90%) tr 3 5 ns See Test Circuit 1
Output Fall Time (10-90%) te 3 5 ns See Test Circuit 1
Common Mode Transient Immunity [CMyl,|ICM | 15 20 kV/us | V7 =300V pea
Notes:
1.  TheMinimum Pulse Width is the shortest pulse width at which the specified PWD is guaranteed.
2. PWDisdefined as |tpn. - teun |-
3. tpx isequal to the magnitude of the worst case difference in tpy. and/or te y that will be seen between units at 25°C.
4.  Failsafe Operation is defined as the guaranteed output state which will be achieved if the DC input current falls between the input levels specified

(see Test Circuit 1 for details). Note if Failsafe to Logic Low isrequired, the DC current supplied to the coil must be at least 8 mA using 3.3 V supplies
versus 5 mA for 5V supplies. Select the value of limit resistor appropriately.
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Test Circuits

The test circuits below were used to obtain the specifications on the previous pages. In differential mode, the boost capacitor is
generally not required, but it may be used to increase external magnetic field immunity or improve PWD performance as required.

p— +V/ Voo - +V Voo
10 nF 10 nF
1 s | T s | ]
7 7

IL610 Rimi IL610
L 81

2|+ 4‘ . 2 E 4‘ . I

15 | 15 |
@ == 15pF =15 pF

1K 1K

;GND1 % GND, ; GND, 47 GND,

Test Circuit 1 (Single-Ended) Test Circuit 2 (Differential)

Operation

IL600-Series Isolators are current mode devices. Changes in current flow into the input coil result in logic state changes at the
output. One of the significant advantages of the passive coil input isthat both single ended and differential inputs can be handled
without reverse bias protection. The GMR sensor switches the output to logic low if current flows from (In-) to (In+). Resistors set
the coil input current to the 5 mA minimum. Thereis no limit to input voltages because there are no semiconductor input
structures.

The absolute maximum current through the coil of the IL600-Seriesis 25 mA DC, or £75 mA in differential mode. The worst-case
logic low threshold current is5 mA. While typical threshold currents are actually less, NVE recommends 5 mA logic low
thresholds as a minimum design value. In all cases, the current must flow from In— to In+ in the coil to switch the output low. This
isthe case for true or inverted data, in single-ended or differential configurations. Output logic high is the zero input current state.
Note that current flowing from Coil+ to Coil- (negative current in the specifications) will push the GMR sensor further into the
high state.

Figure 1 shows the response of the IL600-Series. The GMR bridge structure is designed so the output of the isolator islogic high
with no signal present. The output will switch to the low state with approximately 3.5 mA of coil current, and switch back to the
high state when the input current falls below 1.5 mA. This alows glitch-free interface with low slew rate signals.

To calculate the value of the protection resistor (R1), use Ohm'slaw as shown in the examples below. Note that only the
magnitude of the voltage across the coil isimportant; the absolute values of V,,, and V,,_are arbitrary.
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Calculating Limiting Resistor Value

Coil Current A
mA

5
35

15

Logic State
High -

Low

~Y

~Y

Figure 1. IL600-Series Transfer Function

VINH

VINL<>

Figure 2. Limiting Resistor Calculation
Equivalent Circuit

Example 1. Inthiscase, Ty = 25°C, V, High =24V, V,,Low = 1.8V,
Reor =85 Q and |, minimum is specified as5 mA. Total loop
resistanceis.

(R14Ry,) = Vs =Vi) = 2229 _ 4410
lcow 0.005

Therefore:
R1=4440Q -85Q =4355Q

Example 2. At a maximum operating temperature of 85°C:
Twax = 85°C, Tyow = 25°C, V,yHigh=5V, V,,Low =0V, and nominal
Reo = 85 Q.

At Tyux = 85°C:
Reot = 85 + (Tuax — Tyow) X TCRcoy

=85+ (85-25)x02=85+12=97Q
Therefore, the recommended series resistor is:

R1= gVINH_VINL) — RCOIL

ICOIL

ri= &9 _—g7-9030
0.005

Allowance should also be made for the temperature coefficient of the
current limiting resistor to ensure that |, isat least 5 mA at the
maximum operating temperature.
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Failsafe Operation

Internal failsafe biasing ensures the output will always switch to the high state if the input coil is open-circuit. Thisistrue for
either 5V or 3.3V output supplies. The specifications on pages 5 and 6 show the enhanced failsafe conditions available with the
IL600-Series Isolators that cover the non-open circuit condition. The output will remain in the state specified, or will switch to that
dtate, if the specified current is flowing in the coil. Note that positive values of current mean current flow into the In— input (pin 3
in Test Circuit 1).

Single-Ended or Differential Input

The IL610, IL611, 1L613, and channel 1 of the IL614 can be run with single-ended or differential inputs. In differential mode, coil
current reverses each cycle. In single-ended mode, a“boost capacitor” placed across the current limit resistor provides pul sed
current reversal for correct operation. In the differential mode, current will naturally flow through the coil in both directions
without the boost cap, although the cap can still be used if application factors such asincreased external field immunity or
improved PWD performance mandate. Absolute Maximum recommended coil current in single-ended mode is 25 mA while
differential mode allows up to £75 mA to flow. The difference in specificationsis due to the risk of electromigration of coil metals
under constant current flow. In single ended mode, long-term DC current flow above 25 mA can cause erosion of the coil metal
(rather like river flow does to its banks). In differential mode, erosion takes place in both directions as each current cycle reverses
and has a net effect of zero up to the fuse current. A current of more than 100 mA will cause the coil to irreparably fuse open.

There are many applications where the differential option can be very useful. One advantage over optocouplers and other high-
speed couplers is that no reverse bias protection for the input structure is required for a differential signal. This reduces cost and
complexity. One of the more common applicationsis for an isolated Differential Line Receiver. For example, RS-485 can drive an
IL610 directly for afraction of the cost of an isolated RS-485 node (see Illustrative Applications section).

Typical Resistor Values

VoL 0.125W, 10% Resistor The table shows typical values for the external resistor in 5V and 3V logic systems.
33V 560 O As always, these values as approximate and should be adjusted for temperature or
XY, 9100 other application specifics If the expected temperature range is large, 5% or even 1%

tolerance resistors may provide additional design margin. Alternatively, see the
Applications Information section for circuit ideas allowing more generalized resistor selection.

Boost Capacitor

The boost capacitor in parallel with the current-limiting resistor boosts
the instantaneous coil current at the signal transition. The boost pushes
the GMR bridge output through the comparator threshold voltage with
less propagation delay and pulse width distortion.

1000
Signal

Riseffall Time (ns) The instantaneous boost capacitor current is proportional to input edge

500 speeds (Cc %Y). Select a capacitor value based on the rise and fall times of

the input signal to be isolated that provides approximately 20 mA of

additional “boost” current. Figure 3 is a guide to boost capacitor

3 |y selection. For standard logic signals (t,,t; < 10 ns), a 16 pF capacitor is
recommended. The capacitor value is generally not critical, and can often

16 2500 5000 vary +50% with little noticeable difference in device performance.

Caous (PF)
Figure 3. Cpoos Selector

Dynamic Power Consumption

Power consumption is proportional to duty cycle, not data rate. The use of NRZ coding minimizes power dissipation since no
additional power is consumed when the output isin the high state. In differential mode, where the logic high condition may still
require a current to be forced through the coil, power consumption will be higher than atypical NRZ single ended configuration.

Power Supply Decoupling

47 nF ceramic capacitors are recommended to decoupl e the power supplies. The capacitors should be placed as close as possible to
the appropriate Vpp pin for optimal output wave shaping.

9
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Applications Information

IL600-Series Isolators are current mode devices. This means that a current of a certain magnitude and direction must flow in the
input coil to change the output logic state. Figure 4 shows asimplified transfer curve for atypical |L600-Series data channel.

Bridge o/p (mV) The transfer function for
thisdeviceis
B Bridge Output Response approxi mately linear. An
— applied coil input current
60 |- creates amagnetic field
~ that causes the GMR
Window of Operation 40 - bridge output to change in
\ C proportion to the applied
e }Q/_ Comparator High Threshold field. The GMR bridge is
I LA 1 b N connected to a comparator.
10.:9.8.:7.6.8 44210 P A0 _ When the bridge output is
oF P Coil Current (mA) greater than the

comparator high threshold
level, the output will go
high. Similarly, when the
bridge output is less than
the comparator low
threshold, the output will
go low. The “Window of
Operation” shown in
Figure 4 highlights the
Figure 4. IL600-Series Transfer Function specified corners of device
operation. An input current
of approximately —3.5 mA or —1.5 mA will cause the device to hover around the comparator switching thresholds producing an
unstable output. For single-ended operation across the entire temperature range and power supply range, the magnitude of the coil
current for alogic low should be at least -5 mA, and the magnitude of the coil current for alogic high should be between —0.5 mA
and 0 mA. The stated direction of the current is negative in Figure 4 because the magnetic field is negative with respect to Earth
Field. Current is always fed into the In— terminal of an I1L600-Series device. Since these currents are actually sourced, not sunk by
the user, the specified currents are quoted as positive values in the Electrical Specifications section of this data sheet.

When designing circuits using digital logic, most designers are aware that the input to alogic gate is differential with respect to
ground. Separate ground layers, star points or planes usually need to be designed into circuit boards with fast switching currents to
reduce ground voltage bounce caused by inductance in ground returns. Ground error voltages can cause data errors in high-speed
circuits due to their impact on the effective logic threshold voltage at any given instant. Similarly, when using IL600-Series
devices, the designer should be aware that it is the voltage magnitude across the cail that creates the current, not just the value of
the input voltage. To illustrate this point, consider the single-ended non-inverting and inverting cases.

10
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In the non-inverting circuit, the In— terminal is
connected viaa 1 kQ current-limiting resistor to the +5V Vop
supply rail, and the input is connected to the In+
terminal. Assume the supply voltageis +5 V and the 1K Cooaat 8
input signal isa5V CMOS signal. A 1 kQ resistance [L610 ;7

w

is selected to limit the coil current to 5 mA. For the
purpose of thisillustration we will ignore the coil
resistance. When alogic high (+5 V) is applied to the I
input, the current through the coil is zero. When the Data In

input isalogic low (0 V), approximately 5 mA flows
through the coil from the In— side to the In+ side.
Figure 4 shows that the device will transition to both
logic states easily under these conditions. Now IGNDl GND
assume that the 5 V rail isat 5.5 V and the CMOS 2
input signal isloaded so that its high level isonly
4.5V. When alogic high (4.5 V) appears on the

E;J

Data Out

Non-Inverting Circuit Note. C, is 47 nF ceramic.

input, thereis still a current of —1mA flowing
through the coil. Figure 4 shows that the device is — 5V
getting close to the off-state threshold of —1.5 mA,
and now exceeds the specification of —0.5 mA for 8
this logic level. Some intermittent operation or patain ] L Cpos L6106 7
complete non-function should be expected in this :DO_L_&T_E _ J .
case. The designer must ensure that the difference K2

between the logic high voltage and the power supply i
voltage is such that the residual current in the coil is
lower than 0.5 mA.

Data Out

Theinverting configuration design problem is similar
to the problems associated with standard logic. In the

inverting configuration, the signal into the coil is + GND;
differential with respect to ground. The designer
must ensure that the difference between the logic low | Inverting Circuit Note. C, is 47 nF ceramic.
voltage and the coil ground is such that the residual

coil current is less than 0.5 mA. Conventional ground | FigureS. Inverting and non-inverting circuits

bounce design precautions apply.

The IL612 and IL614 devices have some inputs that do not offer inverting operation. The IL612 coil In— input is hardwired
internally to the device power supply; therefore it isimportant to ensure the isolator power supply is at the same voltage as the
power supply to the source of the input logic signal. The IL614 has a common coil In— for two inputs. This pin should be
connected to the power supply for the logic driving channels 2 and 3, and the channels run should be run in non-inverting mode.

IL600 devices are smpleto use aslong asit is remembered that there must be enough coil current (5 mA) to ensure logic low
output, and close to zero current (0.5 mA to 0 mA) to ensure logic high output.

11
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Electromagnetic Compatibility and Magnetic Field Immunity
Because |L600-Series | solators are completely static, they have the lowest emitted noise of any non-optical isolators.

I soLoop devices operate by imposing a magnetic field on a GMR sensor, which translates the change in field into a changein logic
state. There are several ways of enhancing magnetic field immunity. The devices are manufactured with a magnetic shield above
the sensor. The shield acts as a flux concentrator to boost the magnetic signal from the internal coil, and as a shield against external
magnetic fields. The shield absorbs surrounding stray flux until it becomes saturated. At saturation the shield is transparent to
external applied fields, and the GMR sensor may react to the field. To compensate for this effect, | soLoop Isolators use
Wheatstone Bridge structures that are only sensitive to differential magnetic fields.

Providing alarger internal field will reduce the effect of an externa field on the GMR sensor.

Immunity to external magnetic fields can also be enhanced by proper orientation of the device with respect to the field direction,
the use of differential signaling, and field boosting capacitors.

Two ways to enhance immunity to external magnetic field are summarized below.

1. Orientation of the device with respect to thefield direction A

An applied field in the “H1" direction is the worst case for

magnetic immunity. In this case the external field isinthesame  NC ] e 8] Voo

direction as the applied internal field. In one direction it will IN Ve

tend to help switching; in the other it will hinder switching. * Ho TVee o HL
This can cause unpredictable operation. IN- (6] OUT

An applied field in direction “H2” has considerably less effect NC 5] GND

and results in higher magnetic immunity.

v
2. Differential Signaling and Boost Capacitors

Regardless of orientation, driving the coil differentially improves magnetic immunity. Thisis because the logic high stateis driven
by an applied field instead of zero field, asis the case with single-ended operation. The higher the coil current, the higher the
internal field, and the higher the immunity to external fields. Optimal magnetic immunity is achieved by adding the boost
capacitor.

M ethod Approximate Immunity | |mmunity Description

A DC current of 16 A flowing in a conductor
1 cm from the device could cause disturbance.

Field applied in H1 direction +20 Gauss

A DC current of 56 A flowing in a conductor

Field applied in H2 direction 70 Gauss 1 cm from the device could cause disturbance.
Field applied in any direction but with field +950 GaLSS A DC current of 200 A flowing in a conductor
booster capacitor (16 pF) in circuit - 1 cm from the device could cause disturbance.

Data Rate and Magnetic Field lmmunity

Itiseasier to disrupt an isolated DC signa with an external magnetic field than it isto disrupt an isolated AC signal. Similarly, a
DC magnetic field will have a greater effect on the device than an AC magnetic field of the same effective magnitude. For
example, signals with pulses greater than 100 ps long are more susceptible to magnetic fields than shorter pulse widths.

12
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Illustrative Applications

v-ﬁ e Voor

—  ISL8485 {i 1SL8490

R . ] <

4mmF | a7nF] -
8 —

> : D 6 %E > : D 5 v 17R IL610 :
A ] |
s | | 4| 23
GND, GND,
I solated RS-485 and RS-422 Receivers Using | L610s
IL610s can be used as simple isolated RS-485 or RS-422 receivers, terminating signals at the Nu&%l of %u; ;r:r; |(r§n2|)t
IL610 for afraction of the cost of an isolated node. Cabling is greatly simplified by 1 None
eliminating the need to power the input side of the receiving board. No current-limiting 5 17
resistor is needed for asingle receiver because it will draw less current than the driver
maximum. Current limiting resistors allow at |east eight nodes without exceeding the 3 22
maximum load of the transceiver chip. Placement of the current-limiting resistors on both 4 27
lines provides better dynamic signal balance. There is generally no need for line termination ) 27
resistors below data rates of approximately 10 Mbps because the IL610 coil resistance of 6 27
approximately 85 Q is close to the characteristic impedance of most cables. The circuit is 7 30
intrinsically open circuit failsafe because the IL610 is guaranteed to switch to the high state 8 30

when the coil input current is less than 500 pA.
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VDDl VDD2
SJA1000
2 LlTxD Rs |-
Voo [— 1 |
6 21 > 21GND  CANH[.
— Vsst Vss2 2 Voo 7—__ Cs J.
Rx1 122 s | T, cT 31 vee CANL 2
<— g 6 — boost
19 LC, 4 5
RX0 10| T 4 [ - RXD Vref 1=
c 1 -4 1K
T Vooz 2 IL612 PCA82C250
12 -
Vobs Cé"__
13 1 o | T
i TX1 VSS3 £
COOS(
=
—
1K [J Rs

* GND, é GND,

Notes:
C,,... Is 16 pF ceramic
All other capacitors are 47 nF ceramic

Isolated CAN Bus

Low pulse width distortion is critical for CAN bus, and IL600 Isolators are specified for just 3 nstypical pulse width distortion.
Their fail-safe output (logic high output for zero coil current) ensures proper power-on. The speed of 1L600 isolators easily
supports the maximum CAN bus transfer speed of 1 Mbps.
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-t VDDl VDDZ
I 8J_
SL848
Cl‘|’ . ISL8487E cT

| 1]
R 2 17 g ] - 390R
I . ﬁ; + |14 I_;:';il 1 R If
5
-

1K + 13 > B
12 2 RE
1
Co u T® a| DE 220R
D A7 | + 10
8 9
K kR 6 A
IL614 4] D
390R

IGND1 J7 GND,

Notes:
Choost 1S 16 pF
All other capacitors are 47 nF ceramic

| solated RS-485 — Fractional L oad

The unique IL614 three-channel isolator can be used as part of a multi-chip design with a variety of non-isolated transceivers. The
IL614 provides 2.5 kVgys isolation (1 minute) and 20 kV/us transient immunity. The IL614-3 isin a narrow-body
(0.15 inch-wide) package when board space is critical.
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Hi-Drive ,&.

Cboost

CoDrive 1K

Cboost

IGND1

= Capp

[f1

600 V max.

O

N
3 1
8
IL610 1 1R2102 8
—_ _V V =
3 Cl cc B ]
- 3 6 -
2] +
5 L2 HIN HO
8
IL610 1 SN Ve |8
3 { C
- 6
2 —+3 . 41 com Lo

f

To Load

o

Notes:
Choost IS 16 pF

Capp is application specific

All other capacitors are 47 nF ceramic

Single-Phase Power Control
The fail-safe output (logic high output for zero coil current) of IL600 Isolators ensures power FETswill be off on power-up. The

IL600 inputs can be configured for inverting or non-inverting operation (see Applications Information).

IL610

e

Notes:

2

C, is 16pF ceramic

'BOOST

C1 and C2 are 47 nF ceramic

I solated RS-232 Receiver Using IL610

An IL610 can be used as asimple isolated RS-232 receiver. Cabling is greatly simplified by eliminating the need to power the
input side of the receiving board. A similar circuit can be used for RS-422/RS-485, LVDS, or other differential networks. The
IL610-1 is aunique MSOP isolator when board space is critical. Older RS-232 nodes may not have the required 5 mA drive

capability required by the IL610.
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Package Drawings, Dimensions and Specifications

8-pin MSOP
Dimensions: inches (mm)
min
‘max
0.114 (2.90) o
0.122 (3.10) —»Ve
6 |
H H H H JT 0,016 (0.40)
0.027 (0.70) L
0.032(0.80
0.189 (4.80) 0.114 (2.90) 0.043 (1.10)
0.197 (5.00) 0.122 (3.10) M
0.028 (0.70) 0.006 (0.15)
I 0.024 (0.60)
ﬂ NOTE: Pin spacingisaBASIC
0.005 (0.13) dimension; tolerances
1 70,009 (0.23) do not accumulate

8-pin SOIC Package

Dimensions in inches (mm)

0.189 (4.8) ®
0.197 (5.0) l
H H H H JT 0.016 (0.40)
0.050 (1.27)
0.228 (5.8) 0150 (38) @ 0.054 (1.37)
0.069 (1.75)
024462 0.157 (4.0) 0.010 (0.25) 4‘L
O 0.004 (0.10)
0.020 (0.50)
C J I 0.040 (1.0) 0.010 (0.25)
N R xas ﬁ} 0.060 (1.5)
o 0.008 (0.19 NOTE: Pin spacing isaBASIC
0.013 (0.33) —> ( ) dimension; tolerances
0.020 (0.50) 0.010 (0 25) do not accumulate
8-pin PDIP
Dimensions: inches (mm)
ﬁ ﬁ ﬁ ﬂ 0.29 (6.4) 0.55 (1.397 o
\ 29 (6. (1.397) X
031 (7.9) ‘ 0.65 (1.651)
024 (6.1) 0.12 (3.05)
) 0.26 (6.6) 0.15 (3.81)
0.008 (0.2) -
0.015 (0.4)
0.015 (0 38)
1 2 3
EREAREERN 003 (059)
0.36 (9.0) —3 0.030 (0 76) 0.09 (2 3)
0.40 (102 ‘ 0309 | & 0.045 (1 1 011 (28
40 (10.2) \ 037 (9.4) \ 0.015 (0.38) ( )
7 NOTE: Pin spacing is a BASIC
0.023 (058) 0.045 (1.14) dimension; tolerances
do not accumulate

0.065 (1.65)

17
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0.15" 16-pin SOIC Package

Dimensions in inches (mm)

0.152 (3.86)00

o 0.157 (3.99
Tl 1] 0.013 (0.3)0) 7°TYP— (3.99)
[ 0020(05) N\ |« 45°NOMm
i 5 \ - 0°-8°TYP
L] [ 1] f—
0.386 (9.8)0 [ ]| T 0.007 (0.2)£ 0.016 (0.4)0
0.394 (10.0) 0.013 (0.3) 0.050 (1.3)
] [ ]
Pin 1 identified 7° TYP
[L1| by eitheran | [ 0.054 (1.4)01
indent or a 0.072 (1.8)
L1]| marked dot [ ] 0.040 (1.02) OZ)D
T o 1]  omowz mgji
0.040 (1.0)0
0.228 (5.8)00 NOTE: Pin spacing is a BASICDO 060 (1.5) 0.004 (0.1)0
0.244 (6.2) ‘ dimension; tolerances O 0.012 (0.3)

do not accumulate

0.3" 16-pin SOIC Package

Dimensions in inches (mm)
0.287 (7.29)00

0.397 (10.1)0

0.413 (10.5)

Pin 1 identified by
either an indent
or a marked dot

AHHHAHHHH

- 0013030 7 TYP— 0.300 (7.62)
- [ 002005 ﬁ —>\_|«— 45°NOM
L é 2 ,— 0°-8°TYP
:‘] .
T 0.007(0.2& 0.016 04)) |
0.013 (0.3) 0.050 (1.3)
- 7°TYP
T 0.092 (2.34)0
L / 0.105 (2.67)
o | [ 008200 | \
g owes DO OO OOOOL

0.394 (10.00)0

0.040 (1.0)
NOTE: Pin spacing is a BASICLI0.060 (1.5)

0.004 (0.1)0

0.419 (10.64)

dimension; tolerances [ 0.012 (0.3)

do not accumulate

18




NVE—

NVE CORPORATION

Ordering Information and Valid Part Numbers

IL600 Series
A Y

IL 610 -1 E TRI3

Bulk Packaging

Blank = Tube
TR7 = 7" Tape and Reel
TR13 = 13" Tape and Reel

——» Package
E RoHS Compliant

» Package Type
Blank = 0.3"SOIC
-1 = MSOP
-2 = PDIP
-3 = 0.15"SOIC
-5 = Baredie

) Base Part Number

610 = Single Channel
611 = 2 Drive Channels
612 = 1 Drive Channel,
1 Receive Channel
613 = 3 Drive Channels
614 = 2 Drive Channels,

1 Receive Channel

» Product Family
IL = Isolators

19

1L610 Valid
Part Numbers

1L610-1E
1L610-2E
1L610-3E
1L610-5

IL611 Valid
Part Numbers

IL611-1E
IL611-2E
IL611-3E

IL612 Valid
Part Numbers

IL612-2E
IL612-3E

1L613 Valid
Part Numbers

IL613E
1L613-3E

1L614 Valid
Part Numbers

IL614E
IL614-3E

All MSOP and SOIC part types are
available on tape and reel.
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Revision History

ISB-DS-001-1L600-V
September 2010

ISB-DS-001-IL600-U

ISB-DS-001-IL600-T

ISB-DS-001-IL600-S

ISB-DS-001-IL600-R

ISB-DS-001-IL600-Q

ISB-DS-001-IL600-P

ISB-DS-001-IL600-O

ISB-DS-001-IL600-N

ISB-DS-001-1L600-M

ISB-DS-001-1L600-L

ISB-DS-001-IL600-K

ISB-DS-001-1L600-J

Changes
e  Additional changes to pin spacing specification on MSOP drawing.

Changes
e Changed pin spacing specification on M SOP drawing.

Changes
e Addedtypical jitter specification at 5V.

Changes
e P.2—Deleted MSOP IEC61010 approval.

Changes
e Added EMC details.

Changes
e |EC 61010 approva for MSOP versions.

Changes
e  Specified coil resistance astypical only.

e  Revised section on calculating limiting resistors.

Changes

e Noteon all package drawings that pin-spacing tolerances are non-accumulating; change M SOP
pin-spacing dimensions and tolerance accordingly.

Changes
e  Changed lower limit of length on PDIP package drawing.

Changes
e  Changed ordering information to reflect that devices are now fully RoHS compliant with
no exemptions.

Changes
e Added differentia drive specifications

e  Eliminated soldering profile chart

Changes
e  Changed IL485 transceiver

Changes

e Added enhanced failsafe specification
e Repaginated
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About NVE

An SO 9001 Certified Company

NV E Corporation manufactures innovative products based on unique spintronic Giant Magnetoresistive (GMR) technology.
Products include Magnetic Field Sensors, Magnetic Field Gradient Sensors (Gradiometers), Digital Magnetic Field Sensors,
Digital Signal Isolators, and |solated Bus Transceivers.

NV E pioneered spintronics and in 1994 introduced the world’ sfirst products using GMR material, aline of ultra-precise magnetic
sensors for position, magnetic media, gear speed and current sensing.

NVE Corporation

11409 Valley View Road

Eden Prairie, MN 55344-3617 USA
Telephone: (952) 829-9217

Fax: (952) 829-9189

Internet: www.nve.com

e-mail: isoinfo@nve.com

The information provided by NVE Corporation is believed to be accurate. However, no responsibility is assumed by NVE
Corporation for its use, nor for any infringement of patents, nor rights or licenses granted to third parties, which may result from
itsuse. No licenseis granted by implication, or otherwise, under any patent or patent rights of NVE Corporation. NVE
Corporation does not authorize, nor warrant, any NVE Corporation product for use in life support devices or systems or other
critical applications, without the express written approval of the President of NVE Cor poration.

Specifications are subject to change without notice.

|SB-DS-001-1L600-V
September 2010
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