USER’S MANUAL

MODEL 310B
Wideband O/E Converter
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function. Both the output signal amplitude an

reference levels are adjustable by th for best oscill
display. 3 :

The AC-coupled Linear Amplifier feature is included for the

occasions where even more conversion gain is requi
amplifier is also useful as a general laboratory wideband

The ECL Limiting Amplifier is a unique feature, not found on any
other O/E converter instrument. This feature extends the utility of
the basic O/E Converter to those situations where full optical
receiver functionality is required, such as for optical source bit error
rate (BER) testing. This feature also enables the Model 310B to be
used as a general purpose, bit rate transparent laboratory receiver

from less than 10 Mbps to more than 1500 Mbps.

SAFETY CONSIDERATIONS
To ensure safe op of this equip and p | using this
equipment, the cautions and warnings in this manual should be
followed. This equipment has been manufactured and tested

ing to i ional safety standards. No user serviceabl
parts are contained within the instrument.
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This instrument should be protected from direct electro-static
discharge (ESD) directly into the electrical connectors as it should
damage the equipment. Use of this equipment at an ESD
workstation following procedures such as MIL-STD-1686 for ESD
control is recommended.

SPECIFICATIONS RN
Table 1
Detector P
Siicon APD InGaAs APD Comments
Parameter (Options OXXX | (Options 3XXX)
Bandwidth 01000 MHz 0-1500MHz | -3dB, minimum
Rise/Fall Time 04 nsec. 025nsec. | 10-90%, maximum
Conversion 25,000 VW 70,000 VAW | Minimum, gain control set 1o max, low optical
Gain (820 nm) (1550 nm) input power.
Operating 600-900 nm 11001600 nim | Useful wavelength range.
Wavelength
Minimum 4nW 20 W Peak optical signal for output
Dlscantie SNR = 1.0 in full O/E BW
nal
e RN e o e
Fiber Interiace 2001230 um | 50/125 microns | Optical power is routed from the front panel (o
(option OXXX) the internal detector by means of a fiber pigtail.
1000 um ‘The corelcladding dimensions are as indicated.
I | (options
Recommended 20 6Bm 13dBm For best inear performance, gain set for 0
Maximum Input overioad
Operating
Power




'BCP Model 310B

Table 2, Specifications

Detector

Polri L —————

DC Offset Adjustable + 50mV (minimum) around zero with 50
DC-coupled lomd)” P48 S0 A RS e |

ohm DC-col

‘Overload Indicator

Typically alarms at 50 microwatls average power
Yiih gan st to maximum. Overioad thoshold
increases as gain is reduc

Maximum Safe Optical Input Power for no.
damage

1.0 Milliwatt

B
'20dB, minimum’

1 to 1500 MHz, minimum

-0 Vpp, minimum

ion-invertiny

0 ohms, AC-coupled
Vpp

===—mur
10 to 1500 Mbps, minimum

Input Dynamic Range

210 1000mV p-p, minimum (10~ BER)

Output Signal Levels

Gomplementary ECL, -0.9 to -1.7V, typical

(10K/100K ECL Logic compatible)

| Output Termination

50 ohms 1o -2V, or 50 ohms AC-coupled

[[nput Impedance

50 ohms, AC-coupled

Tnput Data Pattern

Since the amplifier is AG-coupled, the input data
must have a long-term running 1/0 balancs
between 60/40 and 40/60 (50/50 for optimum
performance). Also, transition density should
average at last one every ten bits.

‘Absolute Maximum Safe Input Level

1.0 Vpp

General

/O Panel Connectors

SMA Female or N Female

Power Ratings

100/240 VAC, 50-60Hz 25 watts maximum

Power Input Connector

TEC-320 receptacle on unit. Line cord with
plug for country use.

Temperature Range

Operating | 10 to 40°C
Storage | -20 to 70°C
Di 10.13" wide, 10.39" deep, 4.54" high
Weight 5 pounds

Table 3

Ordering Information:

BCP reserves the right (o

DIN 46256

make changos to the Detector Option Chassls Option
0= 51 APD (200um) T = Table Top
InGaAs APD R = Rack Mount
Spoci
application. No rights under | 5= S| APD (1000um) RF Connector Option
any patont S=SMA
Opical connactor Adaptor Option N=TypoN

Model 310B-XXXX

DI Hus o sym)

B = DIAM
7.2 Soocal (Gontact BOP)




BCP Model 310B

2. OPERATING INSTRUCTIONS

CONTROLS, INDICATORS AND CONNECTORS

Table 4 describes the front and rear panel controls, indicators and
connectors illustrated in Figure 2.

Table 4

Item Description Function

1 OPTICAL IN Optical input to the O/E converter detector function.
Connector Screw-on adaptor for each connector type.

2 GAIN Control Sets the O/E conversion gain. Locking 10-turn vernier.

3 OFFSET Control Sets the O/E conversion output dc offset level.

Locking 10-turn vernier.

4 DETECTOR OUT Electrical signal output from the O/E detector. (SMA or
Connector N)

5 OVERLOAD Indicates activation of internal protection circuitry to
Indicator minimize the risk of damage to the detector caused by

excessive input optical power.

6 IN 50Q Input connector to the 20dB linear amplifier function.
Connector (SMA or N)

7 OUT 50Q Output connector from the 20dB linear amplifier
Connector function. (SMA or N)

8 IN'50Q Input connector to the ECL Limiting Amplifier function.
Connector (SMA or N)

9 ENABLE/DISABLE | Enables or disables the ECL Limiting Amplifier.
Toggle Switch

10 Inverted ECL data output from the ECL Limiting
Output Connector Amplifier. (SMA or N,

1 DATA Non-inverted ECL data output from the ECL Limiting
Output Connector Amplifier. (SMA or N)




BCP Model 310B

HIGH GAIN, WIDEBAND O/E CONVERTER MODEL 3108

ITITITO000mT

AUXILLARY

& (e



detectors :
in combination with wide bn\dwldg:h

these detectors can be damaged
levels which would result in extremely high
Model 310B contains a special protection circuit that %
excessive input optical power for the gain setting and automatically
reduces the detector gain to reduce the risk of damage. When the
circuit activates, the front panel OVERLOAD indicator illuminates,
warning the user to reduce the input power.

With the GAIN control set to maximum, the Model 310B
conversion gain is more than 10,000 V/W (long wavelength detector
options) or 25,000 V/W (short wavelength detector). These gain
figures are applicable where they are most needed, at the lowest
input optical power levels. As the average input power is raised, the
conversion gain is designed to compress, as indicated in figure 2.2.

This feature not only protects the detector, but enables the 310B to
be used for relatively high input power waveform measurements
without the user having to set the gain control optimally. Even
though the conversion gain is a function of average input power
level, the 310B can still be calibrated for accurate mstamun:ous
pulse amplitude power by using an

optical power meter and compensating for the effective pulse duly
cycle, as follows:
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45 40 35 30 25 20
Optical Power (dBm)

Figure 2, 310B Conversion Gain vs. Optical Power (Minimum g
guaranteed, All Detectors) |
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This makes it extremely convenient (for instance) to use the

a transparent receiver function for bit error rate (BER) testing of.
optical source (LED, laser or complete transmitter). Most BER
testers require an amplitude-stable input, independent of optical
power level or gain settings. With the ECL Limiting Amplifier
connected, it is possible to just plug in an optical source with little
regard to the optical level and take an immediate BER reading.

The ECL Limiting Amplifier is an independent functional block. It
may be used either with the O/E detector function, or as a stand-
alone ECL limiter for general lab use. When it is used in
combination with the O/E Detector function, a short coax cable is
connected from DETECTOR OUT to the ECL Limiting Amplifier
IN connector. The Detector GAIN control should be set to
‘maximum (fully clockwise or below overload). Either or both of the
DATA output connectors may be connected to a 50 ohm coax cable
which is terminated by either an AC-coupled 50 ohms, or a standard
50 ohms/-2VDC ECL termination. In order to improve
performance, terminate the unused output to 50 ohms/-2VDC. The
ENABLE/DISABLE switch should be set to ENABLE. When set up
in this fashion, the ECL outputs will be stable and usable over a very
wide input optical dynamic range. The purpose of the ENABLE/
DISABLE switch is to power down the Limiting Amplifier when not
in use.
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It should never be necessary to use the Linear Amplifier between the
O/E Detector and the ECL Limiting Amplifier. The O/E De
has sufficient output at full gain and very low optical input le
drive the ECL Limiting Amplifier directly. If more sensitivity
required, (at very low bit rates for instance) the Linear Amplifier may
be used if necessary, but it is recommended that an external in-line
lowpass filter (500 MHz, -3dB) be connected between the Linear
Amplifier output and the ECL Limiting Amplifier input. A Bessel
response is recommended. In-line 50 ohm low pass filters are
available from Mini-Ckts and K&L.

As previously mentioned, the Detector gain control is normally set to
maximum (or below overload)when the ECL Limiting Amplifier is
used with the Detector. It is possible that this gain setting will be
slightly beyond the optimum gain setting for very low bit error rate
performance at very low optical input power levels. If the absolute
maximum sensitivity is required (lowest optical power for a given
BER), reduce the Detector gain slowly while observing the bit error
rate. If it improves at lower gain, search for the optimum gain
manually and then lock the GAIN control at that setting.
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ng
is kept below the figure specified
operation is not guaranteed in an overload condition.

Avalanche detector gain is affected by temperature at a fixed bias

Voltage setting. This temperature cffcct is approximately
dbya ‘which exercises
over the detector bias voltage.

The variable HV regulator has a tracking input from the varlable
offset regulator. The purpose of this signal is to avoid significant
detector gain change as the amplifier offset is adjusted
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IN O-
(front panel)

5
(rear panel) et ‘Supply Voltages to ckis

Figure 3, Model 310B Block Diagram
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‘The primary purpose of the

Model 310B into a fully functional, output-

receiver. A description of one typical application o

will illustrate its usefulness. R&D and production testing of fiber
optic itters often involves the of
parameter: n

a. Bit error rate (BER)

The first two parameters may be casily measured using the DC-
coupled Model 310B O/E Detector function in combination with
suitable oscilloscope. The adjustable gain and offset reference level
features allow the scope display to be very quickly adjusted for both
extinction ratio and eye pattern testing. The very wide bandwidth
also provides high waveform reproduction fidelity. But when it is
time to measure BER, usually the linear O/E Converter instrument
must be replaced by a "golden" receiver that has a stabilized digjtal
output, compatible with a BER test instrument (the signal to the
BER instrument must be stable and independent of transmitter
optical power level). With the Model 310B, the "golden receiver is
built in, in the form of the ECL Limiting Amplifier in combination
with the O/E Detector.
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A

urther extends the input dynamic r
detector/ECL limiting :m]‘:ll;ﬂ‘er combination can
‘When the detector output is connected to the limiting
input, the detector gain control should be set to maximum
the AGC to automatically take control of the full detector gain
range. The setting of the offset control has no effect since the AGC
amplifier is AC-coupled.

With the detector output connected to the limiting amplifier, both
the detector and AGC amplifier are at maximum gain with no optical
input. When a very low level optical signal is applied,an ECL output
signal will appear prior to any gain reduction. As the optical level
increases, the detector gain s first reduced to a minimum level and
then the AGC amplifier gain begins to fall. The ECL output remains
stable and clean, with no evidence of the internal detector and
amplifier gain changes. The optical input may be raised from less
than 100 nanowatts to more than 100 microwatts with no effect on
the ECL output, except for a reduction in transition jitter.

The ECL limiter is supplied by a Vee supply voltage regulator, that is
controlled by the front panel ENABLE/DISABLE switch. In the
DISABLE position, the power is removed from the limiter,
effectively squelching its operation. The primary reason for this
feature is to prevent output ECL "chatter” when the ECL limiting
amplifier is not in use. This objective could have been accomplished
by limiter threshold hysteresis, but the price would have been
reduced dynamic range for zero bit error rate performance.
Squelching by power switching also has the benefit of climinating
unnecessary internal power consumption and heating when the ECL
Limiting Amplifier is not in use.
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P i is required ns
unit may be cleaned externally with a damp cloth,
disconnecting from the AC power source.
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