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I, Introduction.

In developing the analog isolation fanout/buffers for the AGS experimental floor
instrumentation systems, a preliminary design for a low-cost analog fiber optic link was
conceived and tested. The testing was performed to determine if this design i3 a viable
alternative to currently available commercial units for isolated wideband analog data transmission
over long distances. The design was based on several technical articles’*>? and the experience
gained in the development of the Booster Beam Position Monitoring System (BPM) optical link.*
The test results indicate that this design provides comparable performance at a much lower cost
than currently available units. However, it is recommended that for specific applications this
design be further characterized to determine the potential usefulness on a case-by-case basis.

In the table below, the performance of the proposed link and the optical link used in the
BPMs, Meret MDL288TV, are compared. The proposed link provides a wider bandwidth and
lower noise floor. The reduction in the noise floor accounts for the increase in dynamic range.
In addition the low-end cutoff frequency has been decreased, thus reducing the droop encountered
on long pulses.
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Bandwidth .005 Hz - 50 MHz

Noise Floor (20 MHz) 3 mV(rms) .7 mV(rms) |
THD (1 Vp-p @ 5 KH2) 1.22% 1.28%
SNR @ 2% THD (20 MHz BW) 43 db 54 db

[ Cost (Xmitr/Revr) 5800 $100

II.  Preliminary Design.
Introduction.

The design of the proposed transmitter and receiver are shown in Figures 1 and 2. This
link design uses the Hewlett-Packard X400 series of low cost plastic fiber optic components
(350/pr.). Although these components are most often shown in digital links, they can be
successfully used in linear designs. They are attractive for this design due to the small size and
low cost.

The design philosophy of this link is to modulate the LED optical output power by
directly controlling the LED forward current and to demodulate the optical signal with a PIN
photodiode. This technique is called direct intensity modulation (D-IM). D-IM is the simplest
and lowest cost approach in optical signal transmission. It is generally limited by the "speed”
of the transmit diode. In switching applications, the speed is limited by diode capacitances and
carrier lifetimes.> However, when using the diode in a linear mode, the limitations imposed by
these parameters are not as severe. For example, the present design has an overall bandwidth
of > 50 MHz. It is expected that improving the hand-wired prototype layout, and using wider
bandwidth components that the system bandwidth can be increased. It is also possible that the
transmitter bandwidth can be extended without selecting new components, by simply locating the
LED in the collector of the drive transistor rather than the emitter as shown. This altenative
reduces the capacitance in the feedback loop, and may increase the bandwidth of the system.
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Transmitter Design: (Figure 2.

The circuit is designed as a transconductance amplifier with a constant current bias for
the LED. The current source and negative feedback of the amplifier cause the LED bias to
remain constant, independent of the LED v-i characteristic. This helps stabilize the DC operating
point of the link against parameter variations in the diode.® The opamp is used in the voltage
follower configuration, thus the full unity-gain bandwidth (50 MHz nominal) is available. The
input voltage is directly impressed across the 100 ohm resistor, and due to the virtual ground of
the amplifier, a current proportional to the input signal will flow. This current is the LED’s
modulation. Thus the amplifier acts as a voltage-to-current converter with negative feedback
used to linearize the relation between V, and P_,,. In addition, the distortion can be further
reduced by selecting LEDs optimized for analog data transmission.”*® These diodes will provide
a more linear transfer curve of output power versus drive level than the diodes intended for
digital links, such as the HFBR-1404, where harmonic distortion is not a concern. Finally,
feedback in the transconductance configuration provides a method by which the LED's
modulation depth, which is the peak-to-peak excursion of the diode current around the bias point,
is unaffected by the variations in the LED forward voltage or v-i characteristics of the one used.
It is reported in [6] that by using feedback, as is done here, the LED optical power swing will
be unaffected by choice of LED.

The 100 ohm resistor can be either increased or decreased, so that for a given peak-to-
peak input, the circuit achieves the largest modulation depth consistent with"linear operation.”
Therefore, the signal-to-noise ratio and linearity are optimized together., The definition of
linearity will depend on the allowable total harmonic distortion tolerable in an application.

Three transistors are used to form the constant current source for the LED bias. The bias
is set at 16 mA by using the pot and monitoring the voltage drop across the 100 ohm resistor in
series with the source. The bias point was selected by trial and error in order to simultaneously
maximize the bandwidth, linearity, and dynamic range. It was found that the standard two
transistor current source cannot be used in this application because the typical output impedance
for NPN type transistor is very low when supplying current over 1 mA. The low output
impedance is problematic when the 100 ohm resistor is increased to control the modulation depth
of the LED. Therefore, the Wilson source shown in the figure was used. This source provides
an output impedance of roughly B/2 times that of the two transistor sources.’
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The receiver design is very simple and consists of a PIN photodiode and a pre-amp
packaged together. The part selected is the Hewlett-Packard HFBR-2406. This part is rated for
a frequency response of 125 MHz. The receiver circuit is DC blocked to remove the effects of
the PIN diode bias. The blocking capacitor is 330 uF, and the .01 uF capacitor is used as a high
frequency bypass of the inductive nature of the larger capacitor. The 100 kOhm resistor to
ground provides the AD847 with a bias path, as well as setting the lower comer of the link
response. The R-C time constant set by the receiver is nominally 33 seconds. Using a single
pole model, this equates to a lower cut-off frequency of .005 Hz. The output amplifier (AD847
and EL2003) is a unity-gain follower with a current boosted output,

OI. Test Results.

Transfer Curves.

Both the Meret and proposed optical links were injected with a 5 KHz tone varied over
a range of 0-3 Vp-p in 100 mV increments. The outputs were recorded on the HP3561 Dynamic
Signal Analyzer and Tektronix 2430A Oscilloscope. The resulting input/output transfer curves
are shown in Figures 3 and 4. These curves were the best-fit curves determined by the
Tablecurve 3.0 curve-fitting program.

Total Harmonic Distortion.

The THD for both links was also measured as a function of signal level over the 0-3 Vp-p
range using a 5 KHz tone. The low frequency tone was selected so that the instruments available
would be able to capture up to the 20th harmonic.

The test results show that for outputs of less than 1 Vp-p the proposed link has a lower
THD than the Meret link. At 1 Vp-p the two links are both similar with approximately 1%
THD. Above 1 Vp-p the Meret link performs better, with its THD increasing at a slower rate.
Sample THD plots are shown in Figures 5 and 6.

In addition, the test results show that below approximately 1 Vp-p at the output, the
proposed link's THD is caused by the nearly equal amplitude of the second and third harmonics,
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where in the Meret link the second harmonic is predominate. Also, in this range the proposed
link has lower THD. Above 1 Vp-p the proposed link shows increases in the fourth and fifth
harmonic, while the second and third increase at nearly the same rate. The Meret link showed
a more characteristic pattern where as the input level is increased in the linear region, the higher
order harmonics grow at faster rates.

Frequen

The overall frequency response is shown in Fig. 7. The response was tested at several
DC forward currents. An input signal level of + 4 dbm (1 Vp-p) was selected for this test. The
test resulted in showing that a bandwidth of 51.3 MHz was achievable with a bias of 15 mA.

Another bandwidth test was performed to determine the effects of the AC coupling in the
receiver. A very low frequency pulsed signal, similar to the type encountered by instrumentation
was used and the link response is shown in Fig. 8. The DC offset shown in the output waveform
is from the bias current of the AD847. This error can be removed by including some simple DC
offset adjustment circuitry.

Using Fig. 8 and assuming a single pole roll-off model for the link, the circuit shows a
35 second time constant which is equivalent to a pole at .0048 mHz. Thus, the droop over 1 sec-
ond, the nominal AGS spill duration, is approximately 2.8%. Of course the time constant can

be increased further if necessary.

Noise Floor.

The noise floor for the proposed link and the Meret link are shown in Fig. 9. This test
was performed into a digital storage scope using the 20 MHz bandwidth limit. Thus, aliasing
caused by the scope is minimized, and also 20 MHz is within the passband of both links. In both
links the link noise is dominated by the receiver noise, and as shown in the figures, the Meret
link has a higher noise floor than the proposed link. It was verified though, that the noise level
difference was not due to the difference in link gain. It was also verified that at link gains above
2, the Meret link noise floor increases dramatically.
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IV.  Conclusions.

The proposed design has performed well in the initial testing; however, for future
applications further testing is warranted. These tests should include long-term stability, aging,
drift and repeatability of the design. Also a search for a LED/PIN diode combination more
suitable for analog transmission should be conducted. However, the much lower cost and
increased packing density offered by this prototype solution make even this design a viable
alternative to higher cost commercially units.
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