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1 Overview 2 Obtaining Additional

High Frequency Reference Design (HFRD) 25.1 Information

is an ultra low-cost GEPON SFF ONT module Limited quantities of the populated GEPON ONT
design that provides excellent performance and transceiver board (HFRD 25.1) are available. For
manufacturability. Cost is minimized by using  more information about the reference design or to
low-cost components and a single thermistor for ~obtain one, please call (503) 547-2391 between 8
modulation and bias compensation across am. and 5 p.m. Pacific Time or email to:
temperature. To reduce assembly costs, all of the StrategicApps@maxim-ic.com

components in the design are placed on a single

side of the PCB. The architecture also has

simplified calibration as only two standard

resistors values (one for modulation and one for

bias) need to be set while providing the same ratio

of temperature compensation from module to

module (see sectighl for additional details).
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3 Reference Design Device
Details

HFRD 25.1 was engineered to meet the
requirements of GEPON ONT / ONU transceiver
applications (Figurel) operating at 1.25Gbps
burst upstream and 1.25Gbps continuous
downstream. The burst-mode upstream transmitter
is implemented using the MAX3643 laser driver
and a single thermistor for temperature
compensation (See sectiod.1 for additional
details). The downstream receiver consists of the
MAX3747 limiting amplifier. The laser,
photodiode, and TIA are housed in an optical
subassembly provided by Xponent Photonics,
completing the ONT / ONU transceiver.

3.1 MAX3643 - Laser Driver

The MAX3643 burst-mode laser driver provides
bias and modulation current drive for PON burst-
mode ONT applications. When BEN is inactive,
typical modulation and bias currents are 5pA
each.

Laser modulation current can be set from 10mA to
85mA and bias current can be set from 1mA to
70mA using the MODSET and BIASSET inputs.

A sample-and-hold circuit is provided to capture
the monitor diode output during short PON bursts,
if needed, and the BEN high-speed signal is
mirrored on an LVCMOS output.

For additional information see the MAX3643 data
sheet available on the webvalvw.maxim-ic.com

Reference Design HFRD-25.1 (Rev.2; 04/08)

3.2 MAXS3747 - Limiting Amplifier

The MAX3747 multi-rate limiting amplifier

functions as a data quantizer for OC-3 through
OC-48 synchronous optical network (SONET),
Fibre-Channel, and Gigabit Ethernet optical
receivers. The amplifier accepts a wide range of
input voltages and provides a constant-level,
current-mode logic (CML) output voltage level.

The MAX3747 limiting amplifier features a
programmable loss-of-signal detect (LOS) and an
optional disable function (DISABLE). Output
disable can be used to implement squelch.

For additional information see the MAX3747 data
sheet available on the webvalvw.maxim-ic.com

3.3 Xponent Photonics XP3-0063
Diplexer

The XP3-0063 Diplexer from Xponent Photonics
is a single fiber optical component which uses
Surface Mount Photonics (“SMP”) PLC platform
to integrate laser, photodiode, filter and fiber in a
high performance and cost effective solution. The
Diplexer includes an upstream 1310nm laser, a
downstream 1490nm PIN/TIA 1R digital receiver,
and the appropriate optical filtering. The package
is designed to enable a single-step solder process
for simple interface to PCB to support high
volume assembly.

For more information regarding the Diplexer,
please call Xponent at: (626) 599-8660, email
sales@xponentinc.com or visit their web page
(http://www.xponentinc.coin
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4 Functional Diagram
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Figure 1: HFRD 25.1 Functional Diagram
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5 Recommended Operating Conditions

PARAMETER SYMBOL CONDITIONS MIN TYP MAX UNITS
Operating Ambient Temperature Ta 0 +70 °c
Supply Voltage Vee 3.0 3.3 3.6 \%
Transmitter Data Rate 1.25 Gbps
Digital Receiver Data Rate 1.25 Gbps
Digital Receiver Input Power 0 dBm
Input DC Bias Voltage VCC = +3.3V, TD +/- 2.0 \%
Differential Input Voltage Vip TD +/- 200 1600 MVpp

6 Typical Design Performance Data
6.1 Transmitter Performance Data
(Typical values are measured at: T+30C, Vcc = +3.3V)

PARAMETER SYMBOL CONDITIONS TYP UNITS
Power Supply Current Transmitter Only 68 mA
Average Optical Power Pave Measured @ 1.25Gbps (Note 1) -05t01 dBm
Extinction Ratio (Note 1) Er Set at +25°C 11 dB
Mask Margin 0°C to +70°C, 1.25Gbps > 30 %

Off to 80% <4 ns
Burst-Enable Time

Off to 90%, Note 2 <50 ns
Burst-Disable Time Note 3 <2 ns
Center Wavelength 1310 nm

Note 1: Measured using a continuous2PRBS input data pattern.
Note 2: Time to reach 90% of steady state value after bursiermabsserted. If required by the application
this delay can be reduced by the use of external components. See&e@dtoradditional details.

Note 3:Time to fall below 10% of steady state value after burst enableassdsted.

6.2 Receiver Performance Data

(Typical values are measured af; T +30°C, Data Rate = 1.25Gbps, 2’-1 PRBS pattern, \kc = +3.3V)

PARAMETER SYMBOL CONDITIONS TYP UNITS
Power Supply Current Digital Receiver Only 76 mA
Overload Pavemax 0 dBm
Sensitivity Pavemin | BER = 1E-12, With Cross-Talk -29.5 dBm
Loss of Signal LOS Asser 332 dBm

De-Assert -30.8

Loss of Signal Hysteresis 2.4 dB
Receiver Wavelength 1490 nm

Reference Design HFRD-25.1 (Rev.2; 04/08)
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7 Transmitter Characteristic Graphs

(Ta = +30°C, Ve = +3.3V, Data Rate = 1.25Gbps; E11dB and R/ = -0.5 to +1.0dBm unless

otherwise noted)

OPTICAL EYE DIAGRAM OPTICAL EYE DIAGRAM
(Ta=+30°C) (Ta = +30°C, 33% Mask Margin)
OPTICAL EYE DIAGRAM OPTICAL EYE DIAGRAM
(Ta=0°C) (Ta=+70°C)
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Transmitter Characteristic Graphs (Continued)

(Ta = +30°C, Ve = +3.3V, Data Rate = 1.25Gbps; E11dB and R/ = -0.5 to +1.0dBm
unless otherwise noted)

OPTICAL BURST ON DIAGRAM OPTICAL BURST OFF DIAGRAM
(10ns/div) (2ns/div)

TRANSMITTER SUPPLY CURRENT TRANSMITTER MASK MARGIN
(Transmitter Only, Includes Laser Current) (1000 Waveforms, 1.25Gbps)
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Transmitter Characteristic Graphs (Continued)

(Ta =+30C, Vcc = +3.3V, Data Rate = 1.25Gbps E11dB and R/ = -0.5 to +1.0dBm
unless otherwise noted)
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8 Receiver Characteristic Graphs
(Ta = +30°C, Ve = +3.3V, unless otherwise noted.)

DATA OUTPUT DIAGRAM DATA OUTPUT DIAGRAM
(1.25Gbps, -29.5dBm Input) (1.25Gbps, -20dBm Input)
DATA OUTPUT DIAGRAM DATA OUTPUT DIAGRAM
(1.25Gbps, -10dBm Input) (1.25Gbps, 0dBm Input)
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Receiver Characteristic Graphs (Continued)
(Ta = +30C, Ve = +3.3V, unless otherwise noted.)
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9 Application Information

9.1 Design Details

HFRD 25.1 uses an innovative and very low-cost
approach to setting the laser bias and modulation
currents. The MAX3643 driver allows for a
voltage, a resistance value, a current or a
combination of these to set the laser bias and
modulation currents (Figure$ & 3). With the
available options the temperature compensation
can be applied to the VMSET and VBSET pins of
the MAX3643 through a voltage divider
composed of resistors and a thermistor. The laser
currents can then be offset at calibration to tune
each individual laser using resistors connected
from MODSET and BIASSET to GND.

This architecture allows for the same ratio of
current compensation over temperature to be
applied to each module without the need to re-
calculate thermistor values. By placing a resistive
tap from the VBSET voltage divider to the
VMSET voltage divider (Figureg & 3), only a
single thermistor is needed to compensate both
modulation and bias currents.

In the HFRD 25.1 design, discrete resistors are
used to tune each module. This can be
accomplished in production using a probe and
pick and place system. If desired mechanical
potentiometers or a digital potentiometer such as
the DS3902 could be used to set the resistor
values for module calibration.

9.2 Burst Enable Time

The HFRD 25.1 design will typically burst-on to
90% in less than 50ns (with a TTL BEN input)
which is sufficient for GEPON applications;
however GPON modules will often require burst-
on times of less than 10ns. Burst-on times less
than 4ns can be obtained when using the
MAX3643 by adding diodes on the BIAS- and the
MOD- pins (see HFRD 22.3 document for
placement of the diodes, part numbers and
performance results) and a PECL BEN input.
Given that HFRD 25.1 was intended for use in
GEPON applications, the diodes were omitted
from this design to reduce bill-of-material cost.

Reference Design HFRD-25.1 (Rev.2; 04/08)

9.3 PON Compliance

This reference design is intended to aid GEPON

ONT module designers and is not intended to take
the place of the entire design process. The

designer should evaluate the reference design and
modify it as necessary to meet the specification

for each particular project. The designer should

also carefully consider safety and EMI issues

related to the specific application.

9.4 Gerber Files

The Gerber files for this reference design are
available by contacting the Maxim Fiber/High
Frequency applications group at (503) 547-2391
between 8 a.m. and 5 p.m. Pacific Time or email
to: StrategicApps@maxim-ic.camThe Gerber
files are provided at no cost but no technical
support or modification to the Gerber files will be
provided. The Gerber files are also not guaranteed
and should be checked, reviewed and adjusted as
necessary for each application.

When using the HFRD 25.1 Gerber Files Please
Note:

1. A pad location for R24 was not included
in the layout files and should be added.
There are also additional resistor locations
that were not used that can be removed if
desired.

2. The package for the optical device was
changed after the tape out of the HFRD
25.1 board. The layout is compatible with
the new optical package but any new
designs should be modified to match the
current optical package.

9.5 Layout Considerations

Differential transmission lines are used on the
HFRD 25.1 PCB board. Changing the PCB layer
profile (see Sectiod5) can affect the impedance
of these transmission lines and the performance of
the reference design. If the layer profile is
changed, the transmission line dimensions should
be recalculated.

Maxim Integrated Products
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10 Evaluation Quick Start

10.1 Evaluation Notice

The HFRD 25.1 reference design has DC-coupled
I/O (See Sectiondl and13) and a large optical
output signal (approximately -0.5 to +1.0dBm).
When evaluating the HFRD 25.1 reference design
board, ensure that proper connections are made to
the test equipment. Also check that all signal
levels are within the proper range (common-
mode, differential swing, optical Input / output
power, etc.) so as to not damage the test
equipment or reference design.

Precautions must also be taken in order to insure
safe operation when using a device with a laser
diode. Laser light emissions can be harmful and
may cause eye damage. Maxim assumes no
responsibility for harm, injury or test equipment
damage as a result of the use of this reference
design.

Reference Design HFRD-25.1 (Rev.2; 04/08)

10.2 Evaluation Setup

Carefully make the following connections to the
HFRD 25.1 board:

1.

Clean and inspect the fiber pigtail
connector and then re-cap the fiber
connector. In all of the proceeding steps,
handle the fiber with care assuming that
laser light could be emitted from the laser
diode so as to not cause eye or equipment
damage.

Connect the fiber pigtail to an optical

attenuator and or optical to electrical

converter. Note that the output of the laser
pigtail can be in excess of 2dBm. Use safe
handling procedures and use an optical
attenuator if needed to ensure that the
power level is within the safe operating

limits of the test equipment.

Connect the HFRD 25.1 into any
appropriate 2x5 SFF host board.

Connect a +3.3V supply to the transmitter
and receiver supply connections of the
host board. Set the current limit to 200mA
for the transmitter and 100mA for the
receiver (200mA if supplies are connected
on the host board).

To complete the setup, review the
schematic carefully, noting the DC-

coupled connections of IN, and make the
appropriate  optical and electrical

connections  using the  operating
conditions tableFage » as a reference. If

assistance is required, please call 503-
547-2391 between 8 a.m. and 5 p.m.
Pacific Time or email questions to

StrategicApps@maxim-ic.cam
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11 SFF Module PIN Description

Component NAME FUNCTION

1 GND Module ground. Note Transmitter and Receiver grounds are connected together
on the HFRD 25.1 PCB.

2 VCCR Receiver Power Supply Connection (+3.3V)

3 LOS LOS asserts high if the received signal drops below the threshold set by R32 and
R33. When LOS asserts the output will be squelched.

4 RD- Receiver (MAX3747) Inverted Data Output, AC-Coupled

5 RD+ Receiver (MAX3747) Non-Inverted Data Output, AC-Coupled

6 VCCT Transmitter Power Supply Connection (+3.3V)

7 GND Module ground. Note Transmitter and Receiver grounds are connected together
on the HFRD 25.1 PCB.

8 BEN Transmitter (MAX3643) Burst Enable Input, DC-Coupled, TTL Compatible*

9 TD+ Receiver (MAX3643) Non-Inverted Data Output, DC-Coupled*

10 TD- Receiver (MAX3643) Non-Inverted Data Output, DC-Coupled*

*DC-Coupled I/O. Insure that the DC voltage on these pins is compatible with the test
equipment before making any connections.

O 00000 ®

5 1

HFRD 25.1 TOP View

6 10
O 00000 O

Figure 2: HFRD 25.1 Pin-Out Diagram
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12 Component List

DESIGNATION  QTY DESCRIPTION
cl1-C3 3 0.22nF £ 10%, 10V Ceramic R10, R12 2 50kW 5% Resistor (0402)
Capacitor (0402) R11 1 22kW +5% Resistor (0402)
ca 1 | OPEN (0402) R13, R14 2 | OPEN (0402)
R15, R32 2 8.2kW 5% Resistor (0402)
c5 1 | inF +20%, 10V Ceramic R16 1 | 91kw5% Resistor (0402)
Capacitor (0402) R17, R19, R22. .
6 1 680pF + 10% 50V Ceramic R29. R81 5 0W+5% Resistor (0402)
Capacitor (0402) : R18, R96 2 | 100W+5% Resistor (0402)
cs 1 | 39pF +10% 50V Ceramic R21 1 | 3.01kW+1% Resistor (0402)
Capacitor (0402) R23, R89 2 | 1kw 5% Resistor (0402)
C11-C15, €29 . 22kW+1% Thermistor (0402)
- C32, C35, 14 0.1nF i 10%, 10V Ceramic R24 1 Panas_onic ERT-JOER223]
C38 — C40, Capacitor (0402) -
C103 R28 1 10kW 5% Resistor (0402)
o L | 10pF £ 10% 50V Ceramic R30, R31 2| 49.9W+1% Resistor (0402)
Capac|t0r (0402) R33 1 5.1kW 5% Resistor (0402)
L1 L2 2 9.1nH £10% Multilayer R88 1 4. 7kW +5% Resistor (0402)
’ Inductor (0402) R97 1 24\W +5% Resistor (0402)
1500W Ferrite Bead (0402 Burst Laser Driver
L5, L15 2 TDK MM21005A152(ET : Ul L Maxim MAX3643ETG
L14 1 18nH +£10% Multilayer Inductor U2 1 Optical Diplexer.
(0402) Xponent Photonics XP3-0063
R1, R20 2 4.99kW £1% Resistor (0402) U3 1 LimiFing Amplifier
R2 1 | 9.09kW+1% Resistor (0402) Maxim MAX3747EUB
R3, R5 2 | 390w+5% Resistor (0402) 1 | HFRD 25.1 PCB
Value Selected At Module
R4, R6 2| calibration (0603)
R7 1 150W +5% Resistor (0402)
R8, R9 2 5.1W 5% Resistor (0402)
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13 Schematic

Figure 3: HFRD 25.1 Schematic
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14 Board Layout

Figure 4: Component Placement Guide

Figure 5: Board Layout, Layer 1

Figure 6: Board Layout, Layer 2
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Figure 7: Board Layout, Layer 3

Figure 8: Board Layout, Layer 4

15 Layer Profile

The HFRD 25.1 reference design board includes A A
: S ) HIH B #
controlled-impedance transmission lines. The | PRECREC [ ]
layer profile is based on the following \
assumptions: T I '
. . . . . D CORE
1. Dielectric material is FR4 with a E-]W NIWMII_
dielectric constant of ~ 4.5 ¢ g’ '
2. 1oz copper foll e
PREPREG
SINGLE ENDED | COUPLED Figure 9: Layer Profile
A N.A. 8mil
B >50mil 10mil
C 8mil 8mil
D As Needed As Needed

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit
patent licenses are implied. Maxim reserves the right to change the circuitry and specifications without notice at any time.
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