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ABSTRACT

The paper describes design details of low-cost, versatile, linear as well as digital optocoupler circuits used to reduce
noise and ground loop errors in measurements. A detailed description of a linear optocoupler circuit for providing
galvanic isolation between photodiode signal conditioner ground and the data logger ground is given. We also report
use of two single-channel high-speed digital optocouplers to communicate through RS232 protocol isolating the
ground of the devices in the detection region of the Cs fountain frequency standard being developed at NPL India.
These isolators are versatile, affordable, and give very good results.
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1. INTRODUCTION

Many electrical and communications networks often
have nodes with different ground domains. The
potential difference between these grounds can be
variable or a constant offset, and can contain various
noise components. Ground loop is a common wiring
condition where a ground current may take more than
one path to return to the grounding electrode at the
service panel. Ground loop currents can degrade data
signals, produce excessive Electro Magnetic Interference
(EMI), and damage components. Galvanic isolation
between circuits or nodes in different ground domains
eliminates these problems, seamlessly passing signal
information while isolating ground potential differences
and common-mode transients. In this paper, we describe
the occurrence of such ground loops at two places in the
Cs fountain experiment and suggest versatile designs
of linear and digital opto-isolation circuits as solutions.

Atomic fountain frequency standards provide precise
and accurate measurement of time and frequency [1-3].
NPL India is also developing one such Cs atomic
fountain [3]. The development of fountain involves plenty
of customized electronics and accurate measurement
of many physical phenomena such as temperature,
humidity, laser power, etc. The accuracy of the results is
very much dependent upon measurement of accuracy of
these parameters. There are instances when transducer
signal conditioner circuit is required to be interfaced
with a remotely placed measurement instrument. In
such situations, their grounds being not at the same
potential, the ground loop voltage makes the signal
noisy and unreadable. The situation becomes worse
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when the signal is very weak. Hence, a proper ground
configuration is essential for a good data acquisition
system. In section 2 of this paper, design and results of
opto-isolation circuits using low-cost, versatile, linear
optocoupler IC IL300 are described.

In section 3, the ground loop problem in case of the
detection of the return signal of the atomic fountain is
addressed. In the detection region of atomic fountain, we
need to take care of grounding problem very cautiously
because there is a continuous communication between
the detection unit and the PC to run the fountain
sequence. Due to common ground of PC and detection
unit, the transmitted and received bit streams were
observed to be affected by induced 50 Hz noise. The
noisy data were giving erroneous results. To get rid
of this problem, we developed a ground isolator [4]
circuit which could easily handle such problems and
perform error-free communication. In our design, we
use two single-channel high-speed digital optocouplers
to communicate through RS232 protocol isolating the
ground of the devices.

2. GROUND LOOPS AND LINEAR OPTOCOUPLERS

During interfacing photodiode signal conditioner
circuit to one of the channels of a 16-channel data logger
system placed on a 19" rack with a wire length of about
5m, it was observed that the readings displayed in the
data logger were unstable and noisy. The setup is shown
in Figure 1. As shown in the setup, grounds of both the
circuits are floating and twisted wires are used to reduce
the noise. The output of signal conditioner circuit varies
from 0 to +1 V depending upon the intensity of the laser
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beam falling on photodiode and its alignment with the
beam. The noise in the measured voltage which was
observed in the data logger LCD was due to floating
grounds connected with a long length of the cable and
low signal to noise ratio due to low signal level (Vo =
0-1 V) of the photodiode amplifier.

To solve this problem, we introduced galvanic isolation
between the two circuits by using Vishay Semiconductors’
linear optocoupler IL300. The commercially available
isolators, viz. transformer-coupled isolation amplifiers
3656 (Burr Brown) and optically coupled linear isolation
amplifiers 3650, 3652 (Burr Brown), are costly, generate
EMI (former), and have limited bandwidth. IL300 has the
advantage of design flexibility as both the photodiodes
and LED are accessible to the designer, has higher
bandwidth, does not generate EM], is of low cost and
easily available in the local market.

Optocouplers 4N35 (low Band Width [BW]), 6N136, and
HCPLO060 (High BW) have GaAs infrared LED as input
and the output is a phototransistor or a combination of
phototransistor and photodiode. In these devices, the
optical flux radiated by the infrared LED is a nonlinear
function of time and temperature and there is no way to
compensate this nonlinearity. Hence, these devices are
used for digital data communication.

In the following section, we give design details and test
results for linear optical isolation circuits using IL300
(Vishay Semiconductors) and HCNR201 (Hewlett
Packard). Before giving design details, a brief description
of the basic elements of IL300 will be useful.

2.1 LED

IL300 consists of a high-performance AlGaAs infrared
LED which irradiates two closely matched PIN
photodiodes PD1 and PD2 as shown in Figure 2. Diode
PD1 is referred to as servo photodiode which is used in
servo feedback arrangement for compensating LED’s
nonlinear time and temperature characteristics and PD2
is output photodiode. These devices are so arranged that
the LED's flux falls equally on both the photodiodes. The
device gives best linearity when LED is operated between
5 mA and 20 mA [5].

Photodiodes: Both photodiodes PD1 and PD2 are PIN
photodiodes. The function of these photodiodes is
generation of photocurrent on absorption of optical
incident radiation. PIN photodiodes have the advantage
over P-N junction photodiodes that they exhibit higher
speed and quantum efficiency due to their different
internal structure. PIN photodiodes have centrally lightly
doped intrinsic semiconductor sandwiched between
P and N type diffusions on both sides. This reduces the
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capacitance and increases the depth of depletion region
which results in increase in speed, BW, and conversion
efficiency. Penetration depth of photons in a crystal is a
function of wavelength and only those photons which
excite electrons in the depletion region contribute to
photocurrent. Electron hole pairs formed outside the
depletion region simply recombine and do not contribute
to photocurrent [6].

Figure 3 shows the electrical equivalent circuit of a
photodiode. The diode is represented by an ideal current
source IP with shunt capacitance Cj, shunt resistance
Rj, and series resistance RS. The overall bandwidth of
a photodiode circuit depends upon the photodiode
capacitance, amplifier characteristics, and feedback
network. An ideal photodiode should have zero
capacitance and infinite shunt resistance.

Linear optocouplers can be used in three different
configurations as described in the subsequent paragraphs.
Each configuration has its merits and demerits and is
chosen based upon one’s applications.
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Figure 1: Setup for measuring optical power without
galvanic isolation between the two grounds.
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Figure 2: Schematics of optical isolator IL300.
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Figure 3: Photodiode equivalent circuit.
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2.2 Photovoltaic Mode or Zero Bias Mode

In photovoltaic mode, the electron hole pairs formed in
the depletion region by absorbing the incident radiation
reach the junction by diffusion under the influence
of the inbuilt potential barrier or reverse field, thus
contributing to photocurrent. This mode is relatively
slow because there is no external field to accelerate
the electron hole pairs formed in the depletion region,
and due to narrow depletion region, the conversion
efficiency is also low. Though this mode has a low BW
(=50 kHz), it has better linearity and noise performance
than the photoconductive mode. Figure 4 shows
the circuit diagram for this mode of operation. The
circuit can be used for bipolar operation by giving a
DC reference voltage at the point DC ref of the circuit
diagram.

Figures 5 and 6 depict the plots of frequency versus gain
and phase shift for two different sets of compensating
capacitors C1 and C2. The results show that the
bandwidth and phase shifts are 20 kHz, 10° and 40 kHz,
40°, respectively. The frequency response of the
circuit is determined by the product R2 x C2 and the
input capacitance of the photodiode (12 pF for IL300).
The peaking of gains at 150 kHz and 100 kHz in
Figures 5 and 6, respectively, occurs when input
capacitance of photodiode Cj and feedback capacitance
C2 make an unstable amplifier. Therefore, to achieve
wide frequency response without ringing and non-
uniform gain, optimization of photodiode capacitance,
operational amplifier's gain bandwidth product, and
feedback components are required [7].

2.3 Photoconductive Mode

In photoconductive mode, the external reverse field
applied across the photodiode increases the width of
the depletion region and decreases the capacitance of
the device. Increase in depletion region improves the
conversion efficiency or quantum efficiency of the device
due to increased number of photons absorbed and the
reduction in capacitance increases the speed or transit
time, therefore bandwidth. Though in this mode the dark
current is also added to the photocurrent, this is very
small (25 nA max. for IL300) and can either be neglected
for most of the applications or can be subtracted from
the photocurrent for precise measurements. In brief,
photoconductive mode offers several advantages over
photovoltaic mode [6], such as higher speed, improved
stability, larger dynamic range, lower temperature
coefficient, etc., but at the cost of lower linearity and
noise performance.

Measurements were taken for observing the effect of
reverse voltage on photodiode current with the circuit
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Figure 4: Photovoltaic mode.
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Figure 5: Frequency versus gain and phase shift for
C1=C2=4.7 pF.
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Figure 6: Frequency versus gain and phase shift for
C1=C2=10 pF.

diagram shown in Figure 7. Fixed amplitude of sine
wave is applied at the input, and the output voltage is
measured across R2 by increasing reverse voltage VR.
The results are shown in Figure 8. The graph shows
that percentage increase in output voltage is 14% when
reverse voltage is increased from —1 to =30 V.
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Figure 9 shows the circuit where both input and
output photodiodes are connected in photoconductive
mode. Frequency response and phase shift for this
circuit are shown in Figure 10. The graph shows a
bandwidth of ~200 kHz (-3 dB) with a phase shift
of —80°. The DC reference is given to make the circuit
bipolar.

2.4 Mixed Mode

Figure 7 shows the circuit where input stage is in
photovoltaic mode and output stage is in photoconductive
mode.

We have been using this circuit for interfacing
photodiode signal conditioner circuit measuring laser
power at different stages of the optical table with a
data logger. The output of the isolation amplifier is
connected to the 16-channel data logger placed about
5 m away from the isolation amplifier on a 19" rack.
As shown in the diagram, a DC reference of 2.5 V
generated by a precision reference IC LM431 is given
to the inverting input of the op-amp TL071 to make the
circuit bipolar without increasing the complexity and
number of components (a bipolar circuit needs two
IL300s and two op-amps in the input stage). Thus, the
circuit can be used for unipolar as well as for bipolar
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-25t0+25

L300

LED
15w
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WY b/ fe
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‘# { __/ Output

PDI  PD2 (Vo)

R2

Figure 7: Mixed mode of operation, viz. I/P stage is in
photovoltaic mode and O/P stage is in photoconductive
mode.
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Figure 9: 1L300 in photovoltaic mode.
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inputs by simply adjusting the DC shift in the output
stage. The operation of the circuit is explained in the
following section.

For any input voltage, the op-amp adjusts the LED current
(IF), and hence the current in the servo photodiode PD1
such that the inverting input is always at zero volt. If
input voltage is increased, voltage at inverting input
increases; this causes the output of op-amp to increase
until the increase in LED current, and therefore current
in PD1 pulls back inverting input to zero volts. Any
change in the light output of LED due to temperature is
taken care of by the servo current in PD1 by changing
the output voltage of op-amp to maintain the inverting
input at ground potential. Assuming a perfect op-amp,
no current flows into its input terminals, hence the
current flowing in R1 will flow in PD1 also. As inverting
input is at zero volts, the current in PD1 is given by the
following relation:

IPD1 =Vin/Rlor Vin=IPD1 x R1 (1)

The output voltage Vo is expressed as
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Figure 8: Effect of increasing reverse voltage on output
photodiode PD2 of Figure 7.
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Figure 10: Frequency versus gain and phase shift for Figure 9.
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Vo =1PD2 x R2 )
From Equations (1) and (2), -

IL 300 Characterstics
Input Vs Output
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Figure 11: O/P voltage versus I/P voltage for circuit shown
in Figure 7.
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Figure 12: O/P voltage versus I/P voltage for the circuit

shown in Figure 7. IL300 is replaced by HCNR201 and DC

reference is made equal to zero volts.

Vo/Vin=IPD2/IPD1xR2/R1=K3xR2/R1 3)

K3 is optocoupler gain or transfer gain and is the ratio
of forward gain and servo gain. Its typical value is 1 and
is also available with different gains ranging from 0.590
to 1.526 [5].

Klisservo gain = IPD1/IF; K2is forward gain = IPD2 IF.
As K3 = constant, R2/R1 = constant. Hence, Vo a Vin.

The output voltage is directly proportional to the
input voltage and does not depend upon light output
characteristics of the LED.

Observations for measuring the linearity of the circuit
were taken by varying input DC voltage from -2.5
to +2.5 V in steps of 0.5 V and graphs were plotted
between input and output voltages for two linear
optocouplers IL300 and HCNR201. The results are shown
in Figures 11 and 12.

3. DIGITAL OPTOCOUPLER

In this part, we discuss application of digital
optocouplers to reduce the pickup and ground loop
noise problems encountered during communication
between detection signal of Cs fountain and the
monitoring/ controling PC.

In this design, the detection signal from the photodiode
signal conditioner circuit is processed in the
microcontroller and the ground of microcontroller is
galvanically isolated from the PC ground using two high-
speed optocouplers HCPL4502. The communication is
done through RS232 protocol. The circuit diagram is
shown in Figure 13. An RS232 to USB converter can
also be used for communicating data through USB port
of the PC.

The circuit diagram shown in Figure 13 uses dual
supply. The circuit can also be designed to operate with

+12V
000 OO
K = - OK4 -
OK3
m—z 2 500 ) - ”
<) GND X i 6 ¢S~
AR 4.2k =K . L30 A o 855
5 K = E K 5 ’
Nf— P L3 5 %
P é) SGND2 Hepraso2
O Nl — -
HCPL4502 2 atele

Figure 13: Opto-isolation circuit for RS232 protocol using dual power supply, where JP1 is pc Tx and Rx terminal, JP2 is PC
(Tx and Rx) serial port terminal, JP3 is Supply 1, and JP4 is Supply 2.
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Figure 14: Opto-isolation circuit for R$232 protocol using single power supply, where JP1 is pc Tx and Rx terminal, JP3 is PC

(Tx and Rx) serial port terminal, and JP2 is Supply 1.
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Figure 15: Schematic of HCPL4502.

a single supply as shown in Figure 14 by adding one
more IC MAX232.

The schematic of single-channel optocoupler HCPL4502
is shown in Figure 15. Its input-output insulation leakage
current of about 1 pA (at relative humidity = 45%,
temp. =25°C, time =55, and VI-O = 3000 VDC) provides
very good isolation [4,8]. Observation of noisy bit stream
taken during interfacing the signal to the PC with a
5-m-long cable without ground isolation is shown in
Figure 16.
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Figure 16: Noisy bit stream and its zoomed version is taken
with Tektronix TDS 2012 when the grounds of signal source
and PC were not isolated and the cable length was 5 m.

4. PERFORMANCE AND EXPERIMENT RESULTS

In this design, we have optimized the values of resistors
to obtain best response in the aspects of rise and fall
times [6-10] of pulse trains, and the circuits developed
can communicate upto 57,600 baud rate without any
distortions in the bit streams. Figures 16 and 17 show the
bit streams while communicating with the PC with and
without using the optocouplers, respectively.

Figure 18 shows rise and fall times of a pulse at 80 kbps.
Experimentally we found that the circuits shown in
Figures 13 and 14 work satisfactory up to 58 kbps while
communicating with the PC.

Figure 19 shows the change in rise and fall times of
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Figure 17: Noiseless bit stream and its zoomed version with
galvanic isolation using IC HCPL4502.
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Figure 18: Rise time (=2.0 ps) and fall time (=0.5 ps) at baud
rate 80 kbps.
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Figure 19: Rise and fall times of pulse train as a function
baud rate.

pulse as a function of baud rate. The graph shows that
minimum rise and fall times (tr = 1.4 ps and tf = 0.4 pus)
occur at 38.400 kbps. Beyond 60 kbps, the rise time
increases very rapidly, but increase in fall time is very
little. We have seen experimentally that the best results
are obtained at 38.4 kbps, but the circuits can operate
satisfactorily up to 60 kbps.

5. CONCLUSION

A detailed description of various schemes for elimination
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of pickup noise and ground loop voltages encountered
during interfacing signals between signal conditioner
circuits sensing vital parameters of Cs fountain and
monitoring systems with long cables is presented in
this paper. Linear (IL300) and digital (HCPL4502)
optocouplers which are of low cost, versatile, and easily
available in the local market have been used. Application
of IL300 in different modes, viz. for better linearity
but lower BW or vice versa, is described. We have
chosen these devices because they have some distinct
advantages over commercially available isolators, viz.
flexibility of design (compared to Burr Brown: 3650,
3656 and Analog Devices:AD210) [11] as photodiodes
and LEDs are accessible to the designer for optimizing
linearity and bandwidth, low cost, no EMI compared to
transformer-coupled isolators. The flexibility of design
can be utilized making performance tradeoffs among
bandwidth, accuracy, and cost, which is difficult with
commercially available amplifiers [12].

REFERENCES

1. D M Meekhof, S R Jefferts, M Stepanovic, and T E Parker, "Accuracy
evaluation of daya satoskar cesium fountain frequency standard at
NIST”, IEEE Trans. Instrum. Meas., Vol. 50, pp. 507-9, Apr. 2001.

2. S Weyers, U Huebner, R Schroeder, C Tamm, and A Bauch,
”Uncertainty evaluation of the atomic cesium fountain of the PTB”,
Metrologia, Vol. 38, pp. 343-52, 2001.

3. A Sen Gupta, A Agarwal, P Arora, and K Pant, “Development of
Cesium Fountain Frequency Standard at NPL, India,” Current Science,
Vol. 100, No. 9, pp. 1393-9, 2011.

4. J N Khan, “Using Hermetic Optocouplers in Military and space
Electronics”, available from: http://www.avagotech.com, white
paper. [Last accessed on 2011 Jun 10].

5. Vishay Semiconductors (Data Sheet) IL300- Linear Optocoupler, High
Gain Stability, Wide Bandwidth Document Number83622, REV. 1.5,
Mar. 2005.

6. W Nunley, and J S Bechtel, “Infrared Optoelectronics- Devices and
Applications” ISBN:0-8247- 7568-4.

7. Available from: http://sales.hamamatsu.com/assets/applications/
SS D/photodiode_technical_information.pdf [Last accessed on 2011
Jun 27].

8. Available from: http://www.vishay.com, [Last accessed on 2011 Jun
27] document number: 83704, revision 1.3, 24-Nov-2003.

9. Ground Loops and Returns—file://G:\Ground Loops and Returns-
Developer Zone-National Instruments....8/11/2010.

10. ) Dakin, and B Culshaw, “Optical Fiber Sensors: Principles and
Components” Boston-London: Artech House; ISBN 0 89006 3176.

11. “Application Bulletin-AB077” Product Info: (800) 548-6132, Printed
in U.S.A January, 1994, available from: http://www.burr- brown.com.
Burr-Brown [Last accessed on 2011 Jun 10].

12. Data Sheet HCNR201, Palo Alto, California, U.S: Hewlett Packard; pp.
1-418.

IETE JOURNAL OF RESEARCH | VOL58 | ISSUES5 | SEP-OCT 2012


https://market.android.com/details?id=comm.app.medknow

[Downloaded free from http://www.jr.ietejournals.org on Friday, May 24, 2013, IP: 14.139.60.97] || Click here to download free Android application for this journal

Acharya A, et al.: Ground Isolation with Improved SNR

AUTHORS

Aishik Acharya received his Bachelor of Technology
(B-Tech) degree in Electronics and Communication
Engineering from West Bengal University of Technology,
India, in 2009. He has received M-Tech degree in
Electronics and Communication Engineering
(Specialization in Microwaves) from University of
Burdwan, Burdwan, India in 2011. Presently he is
working CSIR-National Physical Laboratory as Senior Project Fellow in the
field of development of electronic subsystem for Cs Atomic Fountain Clock
development.

i‘\ (R

E-mail: aishik.acharya@gmail.com

Rahul Kumar received his Bachelor of Technology
(B.Tech) degree in Electronics and Communication
Engineering from Uttar Pradesh Technical University,
India, in 2010. After completing graduation, he joined
the Time and Frequency Division of National Physical
Laboratory, New Delhi, India, as a Project Assistant.
Presently, he is working in Ericsson India Pvt. Ltd. as a
Engineer-Network Consulting.

E-mail: rahul24sept@gmail.com

Subhajit Banerjee Purnapatra received his Bachelor of
Technology (B.Tech) degree in Electronics Engineering
from Indian School of Mines, Dhanbad, India, in 2010.
Following his graduation, he joined the Time and
Frequency Division of National Physical Laboratory, New
Delhi, India, as a project assistant and contributed
towards research and development of the electronic
and control sub-systems for the Cesium Atomic Fountain Clock project. He
is presently pursuing his M.Sc. (Engg.) degree from the Instrumentation &
Applied Physics department of the Indian Institute of Science, Bangalore,
India, working on biophotonics and nano-scale imaging.

_“~

E-mail: subhajitism@gmail.com

Kavindra Pant received his M.Sc. degree from Agra
University, U. P. in 1972. He joined CSIR-CEERI, Pilani in
1980 and was involved development of power projects ,
electronic circuits etc. till 2005. He joined NPL in 2005 and
contributed in the development of Electronic circuits for
Cesium Atomic Fountain Clock project till his
superannuation in June, 2012 as Senior Principal Scientist.

E-mail: pantk@mail.nplindia.ernet.in

Suchi Yadav received Diploma in Electronics &
Communication in the July 2003.After that she recieved
her B.E.degree in Electronics & Communication from
IETE ( Institute of Electronics & Telecommunication
Engineers) New Delhi in year 2010. She has joined the
CSIR National Physical Laboratory in June 2009 as
Technical Associate in Time & Frequency Division. She
is engaged now in the research & development of Primary Cs Atomic Frquency
Standard.She is working in the area of electronic circuitry development. She
is lifetime corporate member of Instititute of Electronics & Telecommunication
Engineers.

E-mail: yadavs1@mail.nplindia.ernet.in

Poonam Arora received her B.Sc. degree from
Kurukshetra University, Haryana in 2000. She received
M.Sc. (Physics) and M.Tech. (Applied Optics) degrees
from IIT Delhi in 2002 and 2004, respectively, and Ph.D.
degree from Technical University of Darmstadt, Germany
)’ !';N in 2007. She is a Scientist at CSIR-NPL since 2009 and is
currently working in the area of atomic clocks.

A\

E-mail: arorap@mail.nplindia.ernet.in

Amitava Sen Gupta rec eived the M.Sc. and Ph.D.
degrees in Physics from the University of Delhi, India,
in 1974 and 1980, respectively. His Ph.D. work involved
experimental and theoretical studies of traveling
ionospheric disturbances using satellites. He joined the
CSIR — National Physical Laboratory in January 1979.
Presently he is a Scientist-H/ Outstanding Scientist and
the Head of the Time & Frequency Division.

E-mail: sengupta@mail.nplindia.ernet.in

DOI: 10.4103/0377-2063.104156; Paper No JR 442_11; Copyright © 2012 by the IETE

IETE JOURNAL OF RESEARCH | VOL 58 | ISSUE5 | SEP-OCT 2012

389


https://market.android.com/details?id=comm.app.medknow

