LIIXYS

INTEGRATED CiRcuiTs DivisioN

@‘ CPC5002
Dual High-Speed Open-Drain

Digital Optical Isolator

Features

* Dual Optical Isolator

« Buffers Two Independent Signals

» Power-Down to Hi-Z Doesn't Load Outputs
 Low-Power CMOS Reduces Supply Current
¢ Output operates Over 2.7V < Vpp < 5.5V

e LED Drive Current Only 1.5mA
* High Speed: 10Mbaud Typical
* 3750V,,,s Galvanic Isolation

« Single 8-Pin DIP or Surface Mount Package

Applications

 Test and Measurement

» A/D and D/A Isolation

» Power Converter Isolation
* Medical

 Ground Loop Elimination

« 12C Bus Isolation
» Computer Bus Isolation
* |solated Line Receiver

Approvals

» UL Recognized Component: File E76270
» EN/IEC 60950 Certified Component:
TUV Certificate: B 11 10 49410 007

® & e

Figure 1. CPC5002 Functional Block Diagram

Description

The CPC5002 is a dual high speed optical logic
isolator with open-drain outputs providing 3750V,,s of

galvanic isolation between the inputs and the outputs.
Activating the input LED causes the open-drain output
to turn on, pulling the voltage of the external pullup
resistor towards ground. Utilizing CMOS technology
enables the output stage’s high-gain circuitry to
operate with a miserly power consumption of <5SmwW
(typical) when operated with a 3.3V supply voltage
and a low input LED drive current of 1.5mA.

Because optical isolators pass logic levels directly
there is no internal state refresh clock to maintain a
non-changing input. Additionally, the CPC5002 will
always return the buffered signals to their proper value
after a transient interruption at either side.

Ordering Information

Part Description
CPC5002G 8-Pin DIP (50 / Tube)

CPC5002GS 8-Pin Surface Mount (50 / Tube)
CPC5002GSTR  |8-Pin Surface Mount Tape & Reel (1000 / Reel)
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1 Specifications

1.1 Package Pinout 1.2 Pin Description
1 =] N\ — 8 Pin# Name Description
A1 LED Anode, Channel 1
2 '< >:I 7 K1 LED Cathode, Channel 1
3 > 6 K2 |LED Cathode, Channel 2
4 % N 5 A2 LED Anode, Channel 2

GND  |Ground, Output Side Supply Return
OUT2 |Output, Channel 2
OUT1  |Output, Channel 1

Vbp | Supply Voltage, Output Side

O N O O B~ W N =

1.3 Absolute Maximum Ratings

Voltages at Output Side nodes are with respect to GND=0V

Parameter Symbol Rating Units

LED Forward Current

Continuous 20

Peak ¥ 40 mA
LED Input Power (Each) PN 72 mwW
LED Reverse Voltage Vg 6.5 v
Supply Voltage, Output Side Vbp -0.3t06.5 v
Output Voltage Vour -0.3106.5 %
Output Current lout 10 mA
Output Power (Each Output) Pout 65 mw
Isolation Voltage (Input to Output) Viso 3750 Vims
Operating Temperature Ta -40to 85 °C
Operating Relative Humidity RH 51to 85 %
Storage Temperature TsTg -50 to 125 °C

Absolute maximum electrical ratings are at 25°C. Power specifications: no derating required to 85°C.

Absolute maximum ratings are stress ratings. Stresses in excess of these ratings can cause permanent damage to the device.
Functional operation of the device at conditions beyond those indicated in the operational sections of this data sheet is not
implied.

1.4 ESD Rating

ESD Rating (Human Body Model)
4000V

R03 www.ixysic.com 3
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1.5 Recommended Operating Conditions

Parameter Symbol  Min Typ Max  Units
Supply Voltage Vbp 2.7 - 5.5 v
LED Forward Current 2 1.4 15 10 mA
Output Drive IsiNK 6 mA
Operating Ambient Temperature Ta -40 +85 °C

1.6 General Conditions

Specifications cover the operating temperature range Ty = -40°C to +85°C and supply range Vpp = 2.7V to 5.5V.

Unless otherwise specified, minimum and maximum values are guaranteed by production testing. Typical values are
the result of engineering evaluations and are characteristic of the device at Ty = 25°C and Vpp = 3.3V; they are

provided for information purposes only and are not verified by manufacturing testing.

1.7 Electrical Specifications

Parameter Conditions Symbol  Min Typ Max  Units
Input Specifications
LED Input Threshold Current - ITH 0.16 | 0.55 1 mA
LED Forward Voltage IP=1.5mA, Ty=25C ve ([0%8 12 4t
I=10mA 1.0 1.3 1.8
LED Reverse Breakdown Voltage Ig=5pA VR 6 - - Vv
LED Capacitance Ve=0V, f=1IMHz CiN - 50 - pF

Output Specifications

Output Drive Vpp=2.7V, Igink=3mA - 021 | 035
Vpp=2.7V, Ignc=6mA VoL - 042 | 07 v
Vpp=3.3Y, Igp=6mA - | oss | -

High Level Leakage Current Vour=Vpp=5.5V lonL - 0.1 10 HA

Supply Specifications

Supply Current Vpp=3.3V, Igjyk=0mA | - 1.4 - A
VDD=5.5V, |3|NK=0mA, TA=25°C oD - 21 3 m

1.8 Thermal Characteristics

Parameter Conditions Symbol Typ Units
Thermal Resistance, Junction to Ambient Free Air Roua 114 °C/W
- v
LED Temperature Coefficient l;=1.5mA (Z—TF -1.3 mV/°C
- _ dVour
Output Voltage Temperature Coefficient IsiINk=6mA — 1.2 mV/°C
4 www.ixysic.com R03
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1.9 Switching Specifications

Parameter Conditions Min Typ

Timing Specifications

Clock Frequency Igink=6mA, C| =20pF fmax - 10 - MHz
Propagation Delay [;=1.5mA, Vpp=3.3V,
Output Falling ™3 Rpy=499€2, C|=20pF, toHL 35 81 120 ns
Output Rising > 3 0.5Vy t0 0.5Vpp_out toLH 35 81 120
Pulse Width Distortion: [tp 1 - tp 1| As per toy and tp 4 PWD 85 ns
Propagation Delay Skew 3 As per tpy and tp tpsk - - 50 ns
_ I;=1.5mA, Vpp=3.3V,
Output Fall Time, 90% to 10% Re=4990, C,=20pF f 10 15 - ns
Common Mode Specifications
Common Mode Transient Immunity Vem=20Vpp , Vpp=3.3V, Ty=25°C
Vouyr = High Vour>2V CMy 5 - -
kV/us
Vour = Low Vour<0.8V CM_ 7 - -

1 Falling propagation delay can be reduced by increasing instantaneous LED current drive, typically by increasing Cryp -

2 Rising propagation delay depends on Rpy, C , and I
Increasing I above 2 ¢ It (by reducing Rg) increases the rising propagation delay.

3 Propagation Delay Skew is the worst case difference propagation delay, High to Low and Low to High between the two channels of a CPC5002
when measured using the test circuit shown below, which is tuned for approximately even rising and falling delays.

1.10 Propagation Delay Test Circuit
27pF Y2 CPC5002 3.3V

|(
! Vooi
49902
2ke2 I Ny Vour
’—J C
17 L
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CPC5002

1.11 Typical Switching Waveforms
Typlcal @ VDD = 33V, ||: = 15mA, RPU =499Q), CL = 20pF
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2 Performance Characteristics
Typical LED Forward Voltage

LED Forward Voltage vs. LED Forward Current Typical LED Logic Threshold Current
vs. Temperature (T,=25°C) vs. Temperature
1.32 1.27 1.0
| /
~ 1.30 = THH
2 108 N 2 126 / 0.9 [ linme
e 8125 < |
o 1.26 o - THTYP
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S = c TH 10 %
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I 4120 - 05 _——
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Temperature (°C) LED Forward Current (mA) Temperature (°C)
Delay Times vs. LED Current Delay Times vs. C__. ..o Typical Supply Current
(Cryp=0pF, V,=3.3V, R, ;=499Q, C =20pF) (I p=1.5mA, VvV =3.3V, R, =499Q, C =20pF) vs. Temperature
110 110 21
tPLH ‘
100 AN 100 ~ 19 —— :
9 e Yo E V=5.5V
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Typical V,, vs.Temperature
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CPC5002

3 Functional Description

3.1 Introduction

The CPC5002 provides two independent galvanically
isolated high speed open-drain output optical isolators
in a single 8-pin package. It exhibits excellent isolation
(3750V,s) and speed (10Mbps typical), and operates

over a wide range of supply voltages (2.7V to 5.5V).

Because the active circuits have been fabricated in a
CMOS process, the device requires much less supply
current (1.4mA typical with Vpp = 3.3V) and can run at

much lower LED currents (1.4mA minimum) than
similar devices fabricated with bipolar processes.

3.2 Functional Description

An open-drain output of the CPC5002 will activate and
sink current when the light generated by the LED and
passed across the barrier to the photodetector is
sufficient. The minimum level of input current
necessary to initiate this behavior is referred to as the
LED Input Threshold Current (Iy) and is a function of

the optical current transfer ratio of the device.

To provide consistent performance over the LED Input
Threshold Current range, the recommended typical
LED drive current (Ig) over temperature and all

operating conditions, is 1.5mA. This recommendation
is provided to offer a balance in the propagation
delays on both the falling and rising edges of the
signal pulse being buffered across the barrier. The
absolute value of the mismatch in the delay of these
two edges is Pulse Width Distortion. In the
specifications these delays are identified as tpy_and

tpn While the distortion is PWD.

In general, choosing a higher LED drive current will
decrease tpy| , the propagation time for the output to

go from high to low. This is mostly due to the LED
generating more light more quickly as it turns on.
However, if I is more than 2 x Ity then increasing the

LED drive current further will cause tp 4, the

propagation time for the output to go from low to high,
to increase.

Excess levels of Ir makes the difference between tp| 4
and tpy_ (also known as pulse width distortion)

greater. Pulse width distortion is often of interest when
the signal being isolated is a clock. Keeping the LED

drive current near 1.5mA and using the minimum Rpy
and C,_at the output reduces the worst case pulse

width distortion and is thus recommended for best
waveform fidelity.

When using 1.5mA of LED drive current and when the
CPC5002 is driving a fast output bus (one with
minimum Rpy and C,), the average tpy,_ will usually
be slightly longer than the average tp| . In this case,
reduction of average pulse width distortion can be
accomplished by using a small feed forward capacitor.
The capacitor boosts the instantaneous current
applied to the LED at turn-on (reducing tp ) while
leaving the applied DC input current at 1.5mA (tp| 4
unchanged). Examples of the feed forward capacitor
(Crwp) are shown in "Figure 1. Inverting
Configuration” on page 9 and "Figure 2.
Non-Inverting Configuration” on page 9.
Increasing the value of the feed forward capacitor
causes tpy_to decrease. For a 499 pullup into a

20pF load capacitance (C| ), a 10pF capacitor across

the series resistor will minimize pulse width distortion
of an average unit.

When parallel digital signals are to be isolated,
propagation delay skew (tpgk) becomes important. It
is defined as the absolute value of the difference
between the maximum and minimum propagation
delays (i.e. the worse of A tp| j or A tp ) for any group

of optical isolator channels operating under the same
conditions. For the CPC5002, the delay tp| 4 has a
wider variation with differing optical current transfer
ratios than the delay tpy . Additionally, tp 1 will exhibit
variation due to Rpy and C,_ differences between
channels. If one channel is to be used as a clock and
another for data, it is recommended to use the
CPC5002 output falling edge to latch the data as this
edge will exhibit less channel-to-channel or
part-to-part timing variation and thus will reduce worst
case timing skew.

In general the current transfer ratio matching between
the two channels in a single CPC5002 is better than
the ratio matching between multiple parts. Thus the
channel to channel skew for two signals isolated
through the same CPC5002 will be statistically better
than skew measured between signals isolated through
multiple parts.

8 www.ixysic.com R03
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CPC5002

3.3 Output Drivers

Designed specifically for data and clock busses, the
output drivers have been configured for optimal
performance and behavior.

To reduce RF emissions and ringing on the output
lines the active low output drivers are slew limited. In
addition to limiting emissions, the slew limited outputs
reduce the need for external output series resistors.

Whenever the outputs are in the deasserted logic high
state, the open-drain outputs exhibit low leakage
performance while presenting a high impedance
(Hi-Z) to the load. Additionally, during power-up and
with the loss of Vpp, the outputs default to the Hi-Z
deasserted state thereby ensuring signal integrity of
any bussed, open-drain signals connected to the
output pins

To maximize system design flexibility, the outputs are
tolerant of pull-up voltages greater than the CPC5002
supply voltage, Vpp, provided the pull-up voltage
remains within the output’s specified voltage limits. For
example, using a 3.3V supply to power the CPC5002,
it's outputs may be safely operated into a pull up
resistor to a supply voltage of 6.5V.

3.4 Power Supply Decoupling and Noise
Reduction

There are no special power supply decoupling
requirements for the CPC5002.

In addition, since the CPC5002 uses optical coupling
to transfer information across the barrier, no internal
clocking circuits are utilized to maintain the proper
output state. This negates the need to implement the
required special layout or noise reduction techniques
necessary to maintain EMI or RFI compliance.

4 Circuit Examples

4.1 Inverting and Non-Inverting Configurations

Shown below are typical inverting and non-inverting
circuit examples with the optional feed forward
capacitors used for high speed signals.

These designs assume a combined voltage drop of
3.3V across the input resistor and the LED with a
nominal input current of 1.5mA.

Figure 1. Inverting Configuration

3.3V
CFWD
10pF R,
! 1/2 CPC5002 4990
V|N VVAVAV ] VOUT
1.4k A AN |>—{ c,
r T T

Inverting: V to V.

Crwp increases instantaneous Ig at LED turn-on to
reduce tpy_ at Vour -

Figure 2. Non-Inverting Configuration

V+
3.3V
c
1.4k Fwp
10pF R,
1/2 CPC5002 4990

V

] out
v |>—1 C.
v 37 yzopF

Non-Inverting: V, to V

d

For applications where the nominal total voltage drop
across the input resistor and the LED is not 3.3V it will
be necessary to adjust the input resistor’s value.
Examples of this would be different pull-up voltage
supplies and V,y sources that do not drive completely

to the supply rails.

R03 www.ixysic.com 9
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4.2 Application Example

Shown below is an example of an isolated POE Controller SMBus where the SDA signal has been split into separate
SDAy and SDgyT signals on the isolated slave side of the barrier. In this example, the low power SMBus master, not
shown, requires a buffer (U3) capable of driving the CPC5002 input LEDs. Although selection of the appropriate
buffer is determined by the product definition and the ability to drive the LED’s, it is recommended the buffer have
Schmitt trigger inputs to ensure clean bounce-free LED drive signals. A high power SMBus master with the ability to
sink 4mA of pullup current may not require a buffer to drive the CPC5002 inputs. In this example, the POE Controllers

are specified as SMBus high power and l’C compatible. This enables the POE Controllers to drive the CPC5002
LEDs directly without the need of an external buffer.

Circuit design of the SMBus physical layer using the CPC5002 consists of two parts, one being the LED input drive
current and the other being the buffered galvanically isolated logic output signals.

The following design constraints are assumed for this example:

* Supply Voltages: Vppy = 3.0V to 3.6V * [oL = 4mA for U3 and the POE Controllers
* Ambient Temperature: Tp = 0°C to 70°C * Resistors:
* VoL < 0.4V for U3 and the POE Controllers * Tolerance = 1%

e Temperature Coefficient = 100ppm
Figure 3. Optically isolated SMBus for POE Controllers with Separate SDAy and SDAgyt Pins

U1

3.3V, 3.3V,
oo cpes002 o8
SMBus
U3 o - 3.3Vpe POE
806Q R5 Controllers
SCL, ’ﬂ\ M2 7 511Q
M > Wy ¥ scL
!
R2 37 3.3V ﬁ\l_l:"l’AIN
80602
3 R6
SDA, {b MW 6 % 511Q SDAur

u2
CPC5002

scL
3.3V,
3.3Vpom ~y pos SDA\,
R3 " T
R7 , 8060 %Rﬁ’ INT
. 10k 7 M SDAGur
INT,, 3.3V,
3.3V R4
-~

L,

<l

3.3V, *R9 and R10 are not required for this design.

'l 'y Dbs See text for explanation.
0.1pF 5
1
? 0.1uF
GND,
GNDg

To minimize pulse width distortion of the output signal, the input LED drive current needs to be set at the lower end of
it's operational range. Because the forward voltage of the LED has a negative temperature coefficient this will occur at
the minimum operating temperature point with the minimum supply voltage. With Vpp = 3.0V and Vg = 1.442V at

Tp =0°C and Ig = 1.4mA, the calculated maximum value for the series input resistor Rg is 826.8Q. Taking tolerance
and value change due to temperature into account, the nearest E96 standard value sets Rg = 806€2. Using

VoL Nominal = 0-25V and Vg minimum = 0.1V and calculating for the LED current range over the specified operating
conditions with Rg = 806¢, the LED input current I will be 1.455mA to 3.212mA. At nominal operating conditions with
Ta =25°C, the nominal LED input current is: I Nominal = 2.28MA.

w
W
<

g
H
~
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For the outputs, the CPC5002 is compatible with both SMBus and Fast-mode I12C compatible devices. As with all
mixed type devices on a bus, the weakest driver on that bus determines the minimum value of the pullup resistor.
When the CPC5002 is the only device driving the bus as shown with U1, the minimum E96 standard value for pullup
resistors R5 and R6 will be 511Q. For bus loading up to 400pF, this pullup resistor value will provide for Fast-mode

compliant I°C bus speeds. At lower data rates or with less capacitive bus loading, the actual resistor value selected
can be higher.

When the CPC5002 shares a bus with another device as is the case with U2, the weakest driver sets the conditions
for selecting the correct resistor value. As stated earlier, the SMBus master is rated as a Low-power device and
therefore is only capable of sinking 350uA to an output low voltage level of 0.4V. A pullup resistor attached to the
maximum supply voltage level of 3.6V and pulled down by this low power driver limits the minimum pullup resistor
value to 9.14kQ. After considering tolerance and temperature effects the nearest E96 standard value is 9.31kQ. Most
applications will typically select the more common 10kQ value for R7 and R8, which allows for a 5% resistor tolerance.

Although shown but not needed in this example are pullup resistors R9 and R10. These resistors, not needed by the
CPC5002 at U2, are utilized whenever the busses they are attached to are also connected to device(s) having logic
level inputs. With heavy loading or excessive leakage on the bus the resistors provide supplementary bias to improve
pullup transition performance and to increase the output logic high level without impacting the LED input current bias
level.

The CPC5002 can be utilized to provide digital isolated buffering in a variety of unique applications. Design support is
available by contacting IXYS Integrated Circuits Division’s Applications.

R03 www.ixysic.com 11
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5 Manufacturing Information

5.1 Moisture Sensitivity

All plastic encapsulated semiconductor packages are susceptible to moisture ingression. IXYS Integrated

Circuits Division classified all of its plastic encapsulated devices for moisture sensitivity according to the

latest version of the joint industry standard, IPC/JEDEC J-STD-020, in force at the time of product

evaluation. We test all of our products to the maximum conditions set forth in the standard, and guarantee
proper operation of our devices when handled according to the limitations and information in that standard as well as
to any limitations set forth in the information or standards referenced below.

Failure to adhere to the warnings or limitations as established by the listed specifications could result in reduced
product performance, reduction of operable life, and/or reduction of overall reliability.

This product carries a Moisture Sensitivity Level (MSL) rating as shown below, and should be handled according to
the requirements of the latest version of the joint industry standard IPC/JEDEC J-STD-033.

Device Moisture Sensitivity Level (MSL) Rating
CPC5002G / CPC5002GS MSL 1

5.2 ESD Sensitivity

‘ This product is ESD Sensitive, and should be handled according to the industry standard
JESD-625.

Azal
5.3 Reflow Profile

This product has a maximum body temperature and time rating as shown below. All other guidelines of
J-STD-020 must be observed.

Device Maximum Temperature x Time

CPC5002G / CPC5002GS 250°C for 30 seconds

5.4 Board Wash

IXYS Integrated Circuits Division recommends the use of no-clean flux formulations. However, board washing to
remove flux residue is acceptable. Since IXYS Integrated Circuits Division employs the use of silicone coating as an
optical waveguide in many of its optically isolated products, the use of a short drying bake may be necessary if a wash
is used after solder reflow processes. Chlorine-based or Fluorine-based solvents or fluxes should not be used.
Cleaning methods that employ ultrasonic energy should not be used.

® S ®
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5.5 Mechanical Information

5.5.1 8-Pin DIP Package

PCB Hole Pattern

2 +0.381
2.540 + 0.127 _| (0.380 £ 0.015) (322(2)8 . 8:3%)
(0.100 + 0.005) 8-0.800 DIA. 2.540 = 0.127
ANYAWAWd T (8-0.031 DIA.) (0.100 = 0.005)
9.144 + 0.508 w o
(0.250 = 0.005) (0-360 = 0.020) f I I
l_L 63500127 ||| | | |
PAYAYAY I~ (0.250 + 0.005)
Pin 1 3.302 + 0.051__| |
,H,o 457 +0.076 (0.130 + 0.002)
0.018 + 0.003 7.620 + 0.1
) 7:239TYP| | 0254 TYP  (0.300 = 0. 05)
(0.285) (0.01) 7.620 + 0.127 _|
4.(%6;1 6To\)(P - (0.300 = 0.005)
Dimensions
| [, 0.889+0.102 mm
(0.035 + 0.004) (inches)
5.5.2 8-Pin Surface Mount Package
9.652 + 0.381 PCB Land Pattern
(0.380 + 0.015) 0.635 + 0.127
(g.?gg * 8.(1) gg)_ 3.302 + 0.051 (0.025 + 0.005) 2.54
VR EY NS ﬂ.—f (0.130£0.002) | (0.10)
6.350 + o.t1 27 9.525 +0.254
(0.250 + O]?OS) (0.375 £ 0.010) 1.65 8.90
(0.3503)
FAYAYAY l 7.620 + 0.254 (0'36_49) l
Pin 1 J L— . (0.300 + 0.010) 0000
8-0% * 8-833 0.254 +0.0127 - -
(0.018 £ 0.003) (0.010 + 0.0005) Ll 065
(0.0255)
4.445 + 0127 __
(0.175 + 0.005)
L - Dimensions
_Jl_0813+0.120 mm
(0.032 £ 0.004) (inches)
R03 www.ixysic.com 13
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5.5.3 Tape & Reel Packaging

- 330.2DIA. ® & & & b D & & & D
(13.00 DIA.)
/
Top Cover N ; [ ] [ ] W=16.00
Tape Thickness I Bo=10.30 / |X] (0.63)
0.102 MAX. (0.406) 2 S
(0.004 MAX.) ] < i : ] : ]
S ]
A0=10.30 P=12.00
[ — f———— —
. . K,=4.90 (0.406) (0.472)
(0.193)
}(<O 12352)0 User Direction of Feed ——p»
Embossed Carrier Dimensions
mm
NOTES: (inches)

1. Dimensions carry tolerances of EIA Standard 481-2
Embossment 2. Tape complies with all “Notes” for constant dimensions listed on page 5 of EIA-481-2

For additional information please visit our website at: www.ixysic.com

IXYS Integrated Circuits Division makes no representations or warranties with respect to the accuracy or completeness of the contents of this publication and reserves the right to make
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