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EM650 High Power DFB Laser Module
General Description
The EM650 integrates a high‐power fiber‐coupled DFB
laser with both an ultra‐low noise laser current source
and temperature controller. It represents a precision
OEM solution for fiber coupled high power DFB lasers
operating with excellent frequency stability, narrow
linewidth, low noise, and stable polarization. The
module contains a high‐power DFB laser, optical isola‐
tor, single‐mode fiber pigtail, thermo‐electric cooler,
thermistor, and monitor detector integrated with a
laser current source, temperature controller, and
monitor detector readout amplifier. The entire module
operates from a single +5 V supply. The unit provides a
bi‐directional power adjust input that may be used for
SBS prevention, for constant power operation in con‐
junction with the monitor detector readout signal and
an external control loop, or for finely adjusting the
laser oscillation frequency via chirp. The unit also incorporates a bi‐directional temperature adjust input for
coarse tuning of the laser oscillation frequency. The module is designed and built using Gooch & Housego’s high‐
reliability platform for defense components and incorporates an advanced ultra‐low noise laser current source.
The EM650 drives the internal TEC with a class AB linear H‐bridge and incorporates multiple layers of EMI pro‐
tection. It is G&H’s highest performance integrated laser solution and offers performance comparable to labor‐
atory equipment in a much smaller package.

Applications







Long haul WDM transmission
RF Links
CATV
Seeding
Sensing
Low‐noise High‐power Source

Basic Operating Circuit

Features












Integrated current source
Integrated temperature controller
Integrated monitor detector amplifier
High optical output power
ITU Wavelengths – Full C band coverage
Low RIN
Narrow Linewidth
PM/SM fiber with or without furcation tubing
Simple Interface
Small form factor
Operates from single +5V supply

Ordering Information
The EM650 part number has the following structure:
EM650‐FFFFFF‐POW‐FIBUM‐CON‐NA
Valid values for each field are included at the end of
this document.
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Absolute Maximum Ratings
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings
only and operation of the device at these or conditions beyond these is not implied. Exposure to absolute maximum ratings for extended
periods of time may affect device reliability.

Parameter

Sym.

Condition

Min

Max

Unit

Storage Temperature

TSTG

non‐condensing atmosphere

‐40

+85

C

Operating Temperature

TOP

temp. at base of module,
non‐condensing atmosphere

‐15

65

C

Voltage Supply

VCC

4.7

5.5

V

Current Supply

ICC

3.5

A

Laser Enable Input Voltage

LE

VCC +0.3

V

Laser Enable Input Current

ILE

2

mA

Power Adjust Input Voltage

Vpa

Power Adjust
Source or Sink

Input

Current

Temperature Adjust Input Voltage

Vta

Temperature Adjust Input Current
Source or Sink
Monitor Detector Output Voltage

VMON

Monitor Detector Output Current
Source or Sink

IMON

Optical Output Power

Pop
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GND‐0.3

Warning: see notes

0

2.6

V

Warning: see notes

‐3.5

3.5

mA

Warning: see notes

0

5

V

Warning: see notes

‐3.5

3.5

mA

VCC

V

15

mA

110

mW

‐15
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Optical Characteristics
TOP=25C unless otherwise noted, All parameters measured after an initial 60s settling time. VCC = LE = 5.0V with
PA and TA open.
Parameter

Sym.

Optical Output Power Setpoint

POP

Optical Output Power Fluctuation1

POP

Long‐Term Power Fluctuation

POP

1σ, tm=20hr,
0.1s avg, 18s period

Temperature Dependent Power
Drift

PT

‐10 ≤ TOP ≤ 60

Optical Frequency Accuracy2

FOP

Optical Frequency Stability3

FOP

See note 3

FT

‐10 ≤ TOP ≤ 60

Temperature
quency Drift

Dependent

Fre‐

Side Mode Suppression Ratio

Condition
See ordering in‐
formation
1σ, tm=400s,
0.1s avg&period

Optical Isolation


Relative Intensity Noise4

RIN

Cold Start Settling Time

Max

Pop

Unit
mW

20

50

PPM

200

500

PPM

500

PPM/°C

+5

GHz

<20

MHz
±200

30
w/ PM fiber only

Linewidth

Typ

‐5

SMSR

Polarization Extinction Ratio

Min

MHz/°C
dB

17

20

dB

30

35

dB

170

kHz

50 MHz to 18GHz

‐155

VCC=VEN 05V

‐150

dBc/Hz

30

s

Rise Time (Hot Start)

tR

VEN=05V

30

ms

Fall Time (Hot Standby)

tF

VEN=50V

5

µs

Back Facet Tracking Over Temp
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Electrical Characteristics
Parameter

Sym.

Condition

Voltage Supply

Vcc

across inputs

Current Supply

Icc

Laser Enable High

LEH

Laser Enable Low

LEL

Laser Enable Input Impedance

ZLE

Power Adjust4

Vpa

Warning: see notes

Power Adjust Input Impedance

ZPA

to 2V Vref

1

k

‐3dB

8

kHz

Power Adjust Bandwidth

Min

Typ

Max

5

V
3

3.5

5

Vta

Warning: see notes

Temp Adjust Input Impedance

Zta

to 2.5V Vref

Monitor Detector Output

VMON

at Pop

A
V

1.5

Temperature Adjust

Unit

0

k
2.2

1.5

3.5
1

1

V

V

V
k

3

V

Max

Unit

Environmental Characteristics
Parameter

Sym.

Condition

Min

Storage Temperature

Tstg

non‐condensing

‐40

+85

°C

Operational Temperature

Top

temp. at base of module,
non‐condensing

‐10

+60

°C
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Electrical Connector
Pin

Name

Description

1

VCC

Voltage supply

2

VCC

Voltage supply

3

GND

Ground connection

4

GND

Ground connection

5

GND

Ground connection

6

TA

Temperature Adjust Input

7

Vmon

Monitor Voltage Output

8

LE

Laser Enable

9

PA

Power Adjust Input

Shield

Connected to connector shield only

Mating
Connector

DB‐09F, Standard DB‐09 Female/Receptacle/Socket Connector
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Optical Fiber Specification
Parameter

Type

Unit

Fiber Type

Single‐mode PM or non‐PM

‐

Core Diameter

8

µm

Outer Diameter

125

µm

Buffer Diameter

250 (optional 900 μm loose buffer avail.)

µm

Buffer Material

Acrylate (optional loose‐buffer is PVDF)

‐

Minimum Length

1

m

Minimum Bend Radius

35

mm

Connector Type

FC or SC/APC, key parallel to
slow axis; key type is tight‐fit/narrow

‐

Output Polarization

Parallel to slow axis

‐

Mechanical Drawing

Φ[.125]
3.17

[inches]
mm
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Typical Operating Characteristics (80 mW Module)

Pop vs Top

Icc vs Top
7.5

2

Frequency Deviation (GHz)

Drive Current (A)

85

Power (mW)

Frequency vs Top
10.0

2.5

90

1.5

80
75

1

0.5
0

70
‐10

0

10

20

30

40

50

60

‐10

0

10

20

30

40

50

60

5.0
2.5
0.0
‐2.5 ‐10

0

10

20

30

40

50

60

‐5.0
‐7.5

‐10.0

Tracking Error vs Top
15%
10%
5%
0%
‐10

0

10

20

30

40

50

60

‐5%
‐10%
‐15%

G&H Boston +1 781 275 7501
bostonsales@goochandhousego.com

www.goochandhouego.com

G&H Europe +44 115 714 1064
europe@goochandhousego.com
Page 7 of 12

DS‐7046 REV04
Apr 2014

EM650 High Power DFB Laser Module
Typical Operating Characteristics (continued)

2

Pout vs Vpa

4

6

100
90
80
70
60
50
40
30
20
10
0

Power (mW)

Frequency Deviation (GHz)

Freq Tuning vs Vta
50
40
30
20
10
0
‐10 0
‐20
‐30
‐40
‐50

0

Vta (V)

0.5

1

1.5
Vpa (V)

2

2.5

1

1

3

4

1

Power stability of this magnitude is strongly influenced by any movement of the fiber. To duplicate this stability measure‐
ment the fiber must be secured and motionless.
2
For 228.849 THz (1310 nm) lasers the laser frequency tolerance is ±1.750 THz (±10 nm).
3
Frequency stability measured by heterodyne of two free running EM650 units over 100s.
4
The peak of the RIN curve corresponds to the relaxation oscillation frequency of the laser which varies in proportion to the
drive current above threshold by frelax α ((Ild/Ithreshold) ‐ 1)1/2. Customers employing this device in RIN sensitive applications
should therefore be aware that reducing power using the PA input will reduce performance.
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NOTES
WARNINGS: several of the parameters listed in
the specifications above are denoted with a
warning. These warnings are covered by the fol‐
lowing notes which should be understood be‐
fore operating the device.

Mounting
The EM650 is conductively cooled through its base and
needs to be mounted using a thermal interface mate‐
rial to a customer supplied heatsink. Gooch & Housego
recommends Panasonic PGS series pyrolitic graphite
sheets, available in the US from Digi‐Key Corporation.
Care should be taken to keep the base temperature of
the module between ‐10 and 60C at all times during
operation.

Noise suppression
The EM650 is a no‐compromises low‐noise integrated
laser solution; the temperature controller output is
class AB linear, there are no DC/DC converters in the
module, the lowest noise components and architec‐
tures available are used along with heavy filtering and
EMI shielding. Nevertheless, power supply ripple and
noise should be minimized and the cable shield should
be connected to the EM650 connector shield and tied
to the appropriate signal at the power supply end of
the cable.

mance. However, some applications require fine tun‐
ing of the laser bias current. The PA input provides this
functionality, but its use carries an amount of risk. If
bias adjustment is not required this input should be
left open. Use of this input carries the potential to
overdrive the laser and/or circuitry with the ability to
destroy or drastically reduce the device lifetime. No
internal protections on this input are provided, but the
user is encouraged to clamp or otherwise limit the
voltage and current that may be applied to this input.
The default operating power corresponds to an input
of 2.05V. For maximum reliability it is recommended
that power only be reduced, although if required it can
be driven as high as 2.2V (corresponding to a 10%
boost in output power). The safest method of using
this input is to pull the voltage down using an external
resistor or potentiometer to ground. Applying a re‐
sistance to ground will create a voltage divide circuit
between the external resistance and an internal re‐
sistance of 1K to the 2.05V reference. Damage due to
overdrive will not be covered under warranty. Use of
this input will likely decrease the performance of the
EM650 by bypassing its internal ultra‐low noise voltage
reference.
The PA input must never be shorted directly to Vcc
which would cause circuit malfunction or rapidly de‐
stroy the DFB laser.

Temperature Adjust (TA)

The EM650 is designed to operate the laser chip at a
constant temperature holding the output frequency
within 5 GHz of the ordered frequency. However, some
Power Adjust (PA)
applications require coarse tuning of the output fre‐
The EM650 is designed to run in constant current quency via temperature. In these cases, the laser may
mode with the drive current set for the as‐ordered
be tuned using the TA input. Temperature deviations
output power to achieve the highest possible perfor‐
of more than a few degrees (50 GHz in laser frequency)
G&H Boston +1 781 275 7501
bostonsales@goochandhousego.com
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from the as‐ordered setpoint may result in decreased
stability and increases the likelihood of the laser expe‐
riencing a longitudinal mode‐hop. The achievable tun‐
ing range will depend on the specific laser chip, the
ambient temperature, and the thermal resistance to
the ambient. Use of this input carries the inherent po‐
tential of overdriving the TEC. The TA input is clamped
to Vcc through integrated protection diodes. If Vta is
established before Vcc these clamp diodes will con‐
duct. The input current should always be limited to
≤3.5mA to prevent destruction of the clamp diodes.
The safest method of driving this input is with a tri‐
state output whose output is current limited when ac‐
tive, maintained at high‐impedance until Vcc is estab‐
lished, and whose output returns to high‐impedance
before Vcc is removed. The device warranty will not be
honored for lasers with overdriven TECs. Use of this
input also carries the likelihood of decreased frequen‐
cy stability as it bypasses the internal ultra‐low noise
voltage reference.

to deliver the maximum specified current at no less
than the minimum voltage is therefore needed. Cur‐
rent limiting below the specified maximum during the
startup phase will result in an internally measured
drive voltage lower than specified. This condition can
result in permanent, non‐warrantable damage to the
device.
If the user fails to sequence the supplies as described
in the Power and Temperature adjust sections of this
document and Applications Note DS‐7047, the device
will immediately suffer non‐warrantable damage or
destruction.

Applications Information

Be sure to check the Gooch & Housego website for the
latest applications information for this device. Applica‐
tion note DS‐7047 covers general usage of the EM650
along with information particular to tuning via tem‐
perature or chirp. If you plan to tune this device, it is
highly recommended that you read this app note. A
The TA input must never be shorted directly to Vcc or series of short videos showing optical heterodyne
ground which would cause circuit malfunction or rap‐ measurements that illustrate laser line stability are
idly destroy the DFB laser.
also available on the website.

Grounding
Care must be taken with grounding, cabling, and con‐
nections due to the amount of current the module
consumes. Make sure that the voltage on pins PA/TA
reference ground as close to the EM650 as possible if
either input is connected. DO NOT connect the cable
shield to ground at both ends of the cable to avoid
producing a ground loop. DO NOT connect the EM650
housing to ground to avoid producing a ground loop.

Startup Considerations
The EM650 consumes a considerable amount of cur‐
rent in the startup phase and when operating at tem‐
perature extremes. A voltage source plus cabling able
G&H Boston +1 781 275 7501
bostonsales@goochandhousego.com
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Ordering Information
EM650‐

FFFFFF‐

POW‐ FIBuM‐

CON‐NA

Parameter

Option

Connector

FCA
SCA

Fiber

SM250
SM900

FC/APC
SC/APC

PM250
PM900

Single Mode Fiber, 250um Buffer
Single Mode Fiber, 900um Loose
Buffer
PM Fiber, 250um Buffer
PM Fiber, 900um Loose Buffer

Power

10/15*
40
50
63
80
100

Available at 1310nm only (PM/SM)
40mW Output
50mW Output
63mW Output
80mW Output
100mW Output

Frequency

FFFFFF

Frequency in GHz**
14‐PIN DFB w/ Integrated Electron‐
ics
14‐PIN DFB w/ Integrated Electron‐
ics, No Internal Optical Isolator

Product
Family

*

Description

EM650
EM651

1310 nm lasers with PM fiber outputs are only available in 10mW versions.

**
Standard frequencies range from 192.100 THz to 196.000 THz in increments of 100 GHz, with other fre‐
quencies available upon request. 1310nm devices are 228.849 THz with a 1.75 THz tolerance.

G&H Boston +1 781 275 7501
bostonsales@goochandhousego.com

www.goochandhouego.com

G&H Europe +44 115 714 1064
europe@goochandhousego.com
Page 11 of 12

DS‐7046 REV04
Apr 2014

EM650 High Power DFB Laser Module

DO NOT connect the DB‐9 connector on the
EM650 to any commercial laser controller.
Warning:
This device requires between 4.6V and 5.5V as measured from the Vcc to GND terminals. These voltages must
be maintained for currents ranging from 0‐3A necessitating the use of short wires and/or large AWG wire.
Failure to supply sufficient voltage at the device terminals may result in excess current draw and permanent,
non‐warrantable damage. If the device draws 3A for more than 3 seconds, turn off power and check for exces‐
sive wiring resistance or a baseplate temperature outside the operational range.

Warning:
The TA and PA inputs should be driven with a current limited source with sequencing of the signal and power
supply as described in the datasheet. Failure to follow these guidelines has the potential to cause non‐
warrantable damage to the drive electronics and/or laser module. If the device is to be tuned using either the PA
or TA input, it is highly recommended that the user read and understand the G&H application note “DS‐7047
Frequency Tuning a DFB Laser,” available on the G&H website.

Warning:
A thermal interface material is required between the EM650 and a customer supplied heatsink. G&H recom‐
mends the use of Panasonic PGS Series flexible graphite sheets available in the US from Digi‐Key Corporation.
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option that protects the bare optical fiber with a loose
900 μm furcation tube.

Tuning a DFB Laser

Overview
The EM650 integrated DFB laser module was designed for OEM laser spectroscopic applications. The
module integrates Gooch&Housego’s high-reliability
DFB laser modules with an ultra-low-noise laser current source and an ultra-high performance temperature controller in a highly-filtered and EMI shielded
package. Both the current source and temperature
controller are tunable, providing both coarse and fine
tuning of the laser line position. This application note
describes operational details and the use of the tuning inputs in detail.
The user should read and fully understand the
datasheet for the EM650, including notes and warnings, before attempting to use the device. The latest
version of the datasheet is always available on G&H’s
website. The EM650 was designed for OEM use and
care should be taken to properly supply power and
tuning signals to the device. The user should be competent in the use of lasers, fiber-optics, and electronic
hardware as the device size precludes the same level
of protections offered in turnkey systems. If the application is for laboratory use, G&H also recommends
that the device be ordered with the PM or SM900
G&H Boston +1 781 275 7501
bostonsales@goochandhousego.com

When driven by a low-noise current source G&H’s Cband DFBs exhibit a laser linewidth on the order of a
few hundred kilohertz. The position of this line may
be tuned by varying the drive current, also known as
“chirping.” The line position may also be varied by
changing the temperature of the laser chip. The variation with temperature occurs at the well-known and
repeatable rate of -12.5 GHz/°C. However, the rate at
which each DFB laser chip chirps varies on a deviceby-device basis, generally falling in the range of 400800 MHz/mA at rated operating power. Chirp is also a
somewhat nonlinear function of drive current. Because the temperature tuning rate is high and there is
essentially no variation in output power when changing the temperature over small ranges, it is recommended that coarse tuning be accomplished using
temperature with smaller adjustments made by
changing the laser drive current.
Currently Gooch and Housego offers no guaranteed
range over which the output frequency may be tuned,
but a range of ±50 GHz from the rated operating frequency at a 25 C baseplate temperature is typical. If
you require a larger range of tuning, please inquire
with our sales department as special screening is
available on a sliding cost scale.

EM650 Operational Details
The EM650 is conductively cooled through the module baseplate. The baseplate must be bolted or
clamped to a heatsink using a thermal interface material like a heatsink “grease” or preferably Panasonic
PGS series pyrolitic graphite sheeting, available in the
US from Digi-Key Corp. The module baseplate must be
maintained within the operational temperature range
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listed on the device datasheet. Please note that the
module baseplate is generally warmer than the ambient temperature. The extent of the disparity will depend on the thermal interface material used and the
thermal resistance of the user’s heatsink under load.
The EM650 is an analog component designed to operate from a user-supplied DC power supply properly
sequenced with the tuning signals, if such signals are
to be applied. Care must be taken to use appropriately sized power supply wiring to ensure that at least
the minimum voltage be present at the device terminals under a 3A load. 12 gauge speaker wire is generally sufficient for short connections. The user should
be sure to connect supply wiring to all supply pins, ie
connect the positive output of the supply to both pins
1 and 2 and the supply ground to pins 3, 4, and 5 at
the EM650. Failure to use all of the supply pins will
increase the effective wiring resistance and may cause
the internal voltage to drop below the specified minimum, which will cause circuit malfunction and/or
damage to the laser itself.
The power adjust and temperature adjust inputs
should also be driven with low-impedance current
limited sources. These signals should be current limited and sequenced in accordance with the device
datasheet. Limiting the PA input current with a series
resistor should be avoided as noise may be introduced into the laser current source, which will broaden the laser linewidth.

Temperature Control Circuit and Tuning
The temperature control circuit for the EM650 operates in the linear mode. Since the controller is not
repeatedly switched on and off as in a pulsewidth
modulation (PWM) circuit, the stability of the laser
line position is maintained within several MHz over an
interval of 100 seconds or more. This is illustrated
G&H Boston +1 781 275 7501
bostonsales@goochandhousego.com

through a series of videos depicting optical heterodyne measurements for the EM650 and other devices
available on the Gooch & Housego’s website. In addition, the linear-mode TEC control circuitry does not
impart noise into the laser diode current source as
large currents are not rapidly switched on and off
through the TEC. The low noise and stability offered
by linear operation is traded against the substantially
increased efficiency offered PWM TEC controllers.
The EM650 may be operated with or without a signal
present at the temperature adjust (TA) input. If tuning
is not required, the TA input should be kept unconnected or high-impedance. The TA input must never
be shorted to ground or Vcc, which will cause circuit
malfunction and may rapidly destroy the DFB laser.
The TA input is connected internally to a 2.5 V voltage
reference via a 1 kΩ resistance. In addition, this input
is protected with diodes that clamp the applied voltage to ~0.5 V above Vcc and ~0.5 V below ground.
This configuration requires that one of four methods
be employed to safely drive the TA input.
Method 1: Gooch & Housego recommends that this
method be tried first as it offers the lowest risk to
hardware damage. For applications that tolerate slow
tuning to a specific frequency, a 2 kΩ resistor may be
placed between the TA input of the EM650 and the
driving circuit. This will limit current to a safe level
and power supply sequencing with the signal will not
be required provide that the drive voltages do not
exceed the supply rails. However, the laser will likely
require many tens of seconds to settle in frequency,
as the 2 kΩ resistor forms a low-pass filter with a long
time constant when combined with internal filter capacitances at this input.
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Method 2: For applications that require maximum
temperature tuning speed. In this case, the TA source
impedance must be kept low to avoid a reduction in
bandwidth. The simplest method for doing this while
also preventing the destruction of the input protection diodes is to drive the input with a source having a
current limit of no more than a few milliamps. In the
event that the TA input voltage exceeds Vcc by more
than a few hundred millivolts, which can easily be the
case at startup or shutdown if the sources are not
properly sequenced, the protection diodes will themselves be protected by the current limiting action of
the source.
Method 3: When fast temperature tuning is required
but a current limited tuning signal is not available. In
this case it is an absolute requirement that the TA
drive signal and the EM650 power supply be sequenced. If the user fails to sequence the supplies as
described, the device will immediately suffer nonwarrantable damage or destruction. To properly sequence the supplies, Vcc (5 V) must first be established at the device before any TA signal is applied.
The tuning signal should not be applied simultaneously with Vcc as slight differences in timing can
cause damage to the protection diodes. This requires
the use of a tri-state signal to drive the TA input or in
the simplest and most dangerous case, that the TA
cable or signal be connected and disconnected manually while Vcc is applied. If the user has chosen to
make and break the connection manually, they should
be aware that one error will render the device unusable.
Method 4: If the device must be tuned to a setpoint
other than the delivered standard ITU grid frequency.
Perhaps the most stable method of tuning the EM650
is to use a resistor to pull the TA pin low. Pulling the
pin toward ground using a fixed resistor or potentiG&H Boston +1 781 275 7501
bostonsales@goochandhousego.com

ometer provides a very stable means of setting the
output frequency. In principle the TA input may also
be pulled high with a resistance, but Vcc is typically
not as stable relative to the reference voltage as the
local ground. As shown in Figure 1, pulling the input
down will result in a decrease in the output frequency
(red shift). Thus, this method is only appropriate if the
ordered frequency is to the blue side of the desired
frequency. As previously mentioned, the user must
take care not to pull the input all the way to ground
(or Vcc), as circuit malfunction and thermal runaway
will likely occur.
Figure 1 shows the power and frequency tuning
achieved using the temperature adjust input for a
63 mW 1571 nm device mounted on a 25 C water
cooled heatsink with Vpa open (full power). This chart
should be considered as an example, not a specification. Greater tuning range may be possible; however
some devices may exhibit a mode hop. Typical mode
hop free tuning range is greater than ±50Ghz. Since
the available TEC temperature tuning range is dependent on the baseplate temperature and heat load,
care should be taken to avoid thermal runaway when
making large temperature adjustments.

Figure 1: Variation in output frequency and power as a function
of temperature adjust input voltage for a 63mW 1571nm EM650.
Typical mode hop free tuning range is ±50Ghz from the default
operating point. The dashed green line represents the Vta open
circuit voltage.
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Laser Current Source and Tuning
The laser current source in the EM650 was designed
for ultra-low noise in order to minimize the laser linewidth. The current source was also designed to be
adjustable to take advantage of the slower variation
in line position available through changing the drive
current rather than temperature. In the EM650, the
laser drive current can be increased or decreased
from the rated operating point using the Power Adjust (PA) input.
As delivered, the open circuit PA voltage will be approximately 2.05V at rated operating power, e.g. at
80 mW for an 80 mW unit. An example laser chip operating current for at this output power is 330 mA. To
first order one may therefore say that 2 Vpa corresponds to 330 mA and the slope of the current adjustment provided is then 165 mA/V. Such a simple
estimate is less accurate when using power instead of
current due to the non-zero threshold current for laser operation. Obviously, as each laser exhibits a different threshold and operating current, the slope of
the power adjust input varies from device to device.
The internal 2 V reference for this circuit is connected
to the PA pin through a 1 kΩ resistor. If fine tuning of
the output power/frequency is not required, this input should be left unconnected or high-impedance.
Figure 2 depicts the variation in output power and
frequency achieved using the power adjust input. For
spectroscopic applications the laser would be coarse
tuned to the frequency of interest using the TA input
and then fine tuned over a few milliampere range via
the PA input to minimize laser amplitude modulation.

G&H Boston +1 781 275 7501
bostonsales@goochandhousego.com

Figure 2: Variation in output power and output frequency for a
63mW rated 1571nm EM650 using the power adjust input. The
dashed green line represents the Vpa open circuit voltage. Note
some devices may exhibit a mode hop (frequency shift) as power
increases. Typical mode hop free tuning range is ±50GHz from
default operating point

The PA input also offers significantly higher frequency
tuning bandwidth than the TA input. The previously
mentioned heterodyne videos available on the Gooch
& Housego’s website show examples of tuning the
output frequency in 1 GHz steps using a resistor and
switch to pull either the PA or TA input toward
ground. These videos offer a visual comparison of the
tuning speed of the two methods. The -3 dB bandwidth of the laser current source is approximately
8 kHz.
As shown in Figure 2 it is possible to drive the laser to
operate at an output power higher than rated. Large
deviations from the rated power, while possible, will
reduce the device lifetime and present a somewhat
higher thermal load to the TEC. As a rough estimate,
the device lifetime will be reduced by the increase in
drive current (above the operating point) raised to the
fifth power. As the power level is increased, kinks in
the power curve and/or a drastic increase in RIN may
be observed. In general, Vpa should not be adjusted
more than 0.2 V above the open circuit voltage
(again, this is a general device dependent sugges-
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tion), or approximately 2.25V. Pulling the pin all the
way to ground (not below) is permitted, but it
should never be tied to Vcc or above.

Supply Dependence and Noise Immunity
For very sensitive applications, the supply and associated wiring from which the EM650 draws power is
worth consideration. G&H has intentionally injected
AC noise at frequencies ranging from 10 kHz up to
15 MHz at amplitudes as high as 1 Vp-p and have observed no effect in performance as measured through
the very sensitive heterodyne technique. This performance is the result of the combination of extremely
heavy broadband filtering in the device and a novel
circuit topology that maintains a very high commonmode rejection (CMR) ratio. However, very low frequency variations in the supply voltage must be considered as they cannot be filtered out and tend to
cause global variations within the circuitry that are
outside the circuit CMR range.

Figure 3: Frequency and power deviation as a function of supply
voltage.

Figure 3 depicts the change in output frequency and
power as a function of supply voltage as measured at
the device terminals. While the variations are small,
the EM650 is capable of substantially better performance when Vcc is held steady.

Variations in the voltage supplied to the EM650 may
be the result of poor regulation or regulation of the
voltage at some distance from the device. It should be
noted that the current drawn by the EM650 at
startup, baseplate temperature extremes, or when
the TA input has been used to drive the output frequency far from the baseplate temperature, will generally be higher than 1 A and will vary as a function of
tuning or ambient temperature. If possible, it is recommended that a DC supply with remote sense lines
be used, with the sense lines connected as closely as
possible to the EM650. Through this method, the user
can minimize the effect of wiring resistance under
conditions such as those listed above.
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General Description
The EM655 RF Transmitter integrates a high‐
bandwidth fiber‐coupled DFB laser with both an ultra‐
low noise laser current source and temperature con‐
troller. The module also contains an optical isolator
and back facet monitor detector readout amplifier.
The entire module operates from a single +5 V supply
and offers a bi‐directional bias adjust input that may
used to control the laser output power or finely adjust
the laser oscillation frequency via chirp. The unit also
incorporates a bi‐directional temperature adjust input
for coarse tuning of the laser oscillation frequency.
The module is designed and built using our high‐
reliability platform for defense components and incor‐
porates an advanced ultra‐low noise laser current
source. The EM655 drives the internal TEC with a class
AB linear H‐bridge and incorporates multiple layers of
EMI protection. The device accepts a standard female DB9 connector for the application of power and low‐
frequency tuning signals while the RF input accepts a standard male 2.92 mm “K” connector. The output optical
fiber is available with or without PVDF furcation tubing terminated with a variety of standard optical connectors.

Applications





RF Links
CATV
Seeding
Sensing

Basic Operating Circuit

Features








Integrated current source
Integrated temperature controller
Integrated monitor detector amplifier
PM/SM fiber with or without furcation tubing
Simple interface
Small form factor
Operates from single +5V supply

Ordering Information
The EM655 part number has the following structure:
EM655‐FREQUE‐POW‐FIBuM‐CON‐50
OR without an optical isolator:
EM656‐FREQUE‐POW‐FIBuM‐CON‐50
Valid values for each field are included at the end of
this document.
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Absolute Maximum Ratings
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings
only and operation of the device at these or conditions beyond these is not implied. Exposure to absolute maximum ratings for extended
periods of time may affect device reliability.

Parameter

Sym.

Condition

Min

Max

Unit

Storage Temperature

TSTG

non‐condensing atmosphere

‐40

+85

C

Operating Temperature

TOP

temp. at base of module,
non‐condensing atmosphere

‐10

60

C

Voltage Supply

VCC

4.6

5.5

V

Current Supply

ICC

3500

mA

Laser Enable Input Voltage

LE

VCC +0.3

V

Laser Enable Input Current

ILE

2

mA

Bias Adjust Input Voltage

Vpa

Bias Adjust Input Current Source
or Sink
Temperature Adjust Input Voltage

Vta

Temperature Adjust Input Current
Source or Sink
Monitor Detector Output Voltage

VMON

Monitor Detector Output Current
Source or Sink

IMON

Optical Output Power

Pop

United States +1 781 275 7501
sales@em4inc.com

GND‐0.3

Warning: see notes

0

2.6

V

Warning: see notes

‐3.5

3.5

mA

Warning: see notes

0

5

V

Warning: see notes

‐3.5

3.5

mA

VCC

V

15

mA

20

mW

‐15
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Optical Characteristics
TOP=25C unless otherwise noted, All parameters measured after an initial 60s settling time. VCC = LE = 5.0V with
PA and TA open.
Parameter

Sym.

Condition

Min

Optical Output Power Setpoint

POP

See ordering in‐
formation

Pop

Center Wavelength

λOP

P=POP

λOP‐10

Optical Output Power Fluctuation1

POP

Long‐Term Power Fluctuation
Temperature Dependent Power
Drift
Temperature Dependent Fre‐
quency Drift
Side Mode Suppression Ratio

Max

Unit
mW

λOP

λOP+10

nm

1σ, tm=400s,
0.1s avg&period

20

50

PPM

POP

1σ, tm=20hr,
0.1s avg, 18s period

200

500

PPM

PT

‐10 ≤ TOP ≤ 60

500

PPM/°C

FT

‐10 ≤ TOP ≤ 60

±500

MHz/°C

SMSR

Polarization Extinction Ratio

30
w/ PM fiber only

Optical Isolation
Relative Intensity Noise2

Typ

17

20

dB

30

35

dB

‐150

dBc/Hz

RIN

Cold Start Settling Time

dB

30

VCC=VEN 05V

s

Rise Time (Hot Start)

tR

VEN=05V

30

ms

Fall Time (Hot Standby)

tF

VEN=50V

5

µs

Back Facet Tracking Over Temp

‐10

Modulation Bandwidth

10

United States +1 781 275 7501
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Electrical Characteristics
Parameter

Sym.

Condition

Voltage Supply

Vcc

across inputs

Current Supply

Icc

Laser Enable High

LEH

Laser Enable Low

LEL

Laser Enable Input Impedance

ZLE

Bias Level Adjust3

Vpa

Warning: see notes

Bias Level Adjust Input Impedance

ZPA

to 2V Vref

1

k

‐3dB

8

kHz

Bias Level Adjust Bandwidth

Min

Typ

Max

5

V
3

3.5

5

Vta

Warning: see notes

Temp Adjust Input Impedance

Zta

to 2.5V Vref

Monitor Detector Output

VMON

at Pop

0

3.5
1

1

V
k

2.2

1.5

Bias Tee Inductance

A
V

1.5

Temperature Adjust

Unit

V

V
k

3
53

V
nH

Environmental Characteristics
Parameter

Sym.

Condition

Min

Storage Temperature

Tstg

non‐condensing

Operational Temperature

Top

temp. at base of module,
non‐condensing

United States +1 781 275 7501
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Max

Unit

‐40

+85

°C

‐10

+60

°C
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Electrical Connectors
Pin

Name

Description

1

VCC

Voltage supply

2

VCC

Voltage supply

3

GND

Ground connection

4

GND

Ground connection

5

GND

Ground connection

6

TA

Temperature Adjust Input

7

Vmon

Monitor Voltage Output

8

LE

Laser Enable

9

PA

Bias Level Adjust Input

DB‐9
Shield
Mating
Connector

Connected to connector shield only
DB‐09F, Standard DB‐09 Female/Receptacle/Socket Connector

RF (center pin)

Connected to laser cathode via 46Ω resistor

RF (shield)

DC coupled to laser anode (~1.3VDC potential typ. to DC GND, must be isolated
from DC supply ground)

Mating Connector

2.92 mm Male/Plug
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Optical Fiber Specification
Parameter

Type

Unit

Fiber Type

Single‐mode PM or non‐PM

‐

Core Diameter

8

µm

Outer Diameter

125

µm

Buffer Diameter4

250 (optional 900 μm loose buffer avail.)

µm

Buffer Material

Acrylate (optional loose‐buffer is PVDF)

‐

Minimum Length

1

M

Minimum Bend Radius

35

mm

Connector Type
(see ordering information)

FC, SC, or LC/APC, key parallel to
slow axis; key type is tight‐fit/narrow

‐

Output Polarization

Parallel to slow axis

‐

Mechanical Drawing

[mm]
inch
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Typical Operating Characteristics
Icc vs Top
Drive Current (A)

2.5
2

1.5
1

0.5
0
‐10

0

10

20

30

40

50

60

Frequency vs Top
10.0

Frequency Deviation (GHz)

7.5
5.0
2.5
0.0
‐2.5 ‐10

0

10

20

30

40

50

60

‐5.0
‐7.5

‐10.0

Freq Tuning vs Vta

Tracking Error vs Top
10%
5%
0%
‐10

0

10

20

30

‐5%
‐10%
‐15%

United States +1 781 275 7501
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40

50

60

Frequency Deviation (GHz)

15%

50
40
30
20
10
0
‐10 0
‐20
‐30
‐40
‐50

2

4

6

Vta (V)
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Typical Operating Characteristics (continued)

1

Power stability of this magnitude is strongly influenced by any movement of the fiber. To duplicate this stability measure‐
ment the fiber must be secured and motionless.
2
At rated operating power and over the range 0.2 – 3 GHz
3
The peak of the RIN curve corresponds to the relaxation oscillation frequency of the laser which varies in proportion to the
drive current above threshold by frelax α ((Ild/Ithreshold) ‐ 1)1/2. Customers employing this device in RIN sensitive applications
should therefore be aware that reducing the bias level using the PA input will reduce performance. Reducing the bias level
reduces the device modulation bandwidth by the same relationship.
4
Optional 900 μm loose‐tube PVDF buffer recommend for laboratory use. Adds approximately one week to device lead
time.
United States +1 781 275 7501
sales@em4inc.com
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NOTES
WARNINGS: several of the parameters listed in
the specifications above are denoted with a
warning. These warnings are covered by the fol‐
lowing notes which should be understood be‐
fore operating the device.

Mounting
The EM655 is conductively cooled through its base and
needs to be mounted using a thermal interface mate‐
rial to a customer supplied heatsink. EM4 recommends
Panasonic PGS series pyrolitic graphite sheets, availa‐
ble in the US from Digi‐Key Corporation. Care should
be taken to keep the base temperature of the module
between ‐10 and 60C at all times during operation.

Noise suppression
The EM655 is a no‐compromises low‐noise integrated
laser solution; the temperature controller output is
class AB linear, there are no DC/DC converters in the
module, the lowest noise components and architec‐
tures available are used along with heavy filtering and
EMI shielding. Nevertheless, power supply ripple and
noise should be minimized and the cable shield should
be connected to the EM655 connector shield and tied
to the appropriate signal at the power supply end of
the cable.

ing of the laser bias current. The PA input provides this
functionality, but its use carries an amount of risk. If
bias adjustment is not required this input should be
left open. Use of this input carries the potential to
overdrive the laser and/or circuitry with the ability to
destroy or drastically reduce the device lifetime. No
internal protections on this input are provided, but the
user is encouraged to clamp or otherwise limit the
voltage and current that may be applied to this input.
The default operating power corresponds to an input
of 2.05V. For maximum reliability it is recommended
that power only be reduced, although if required it can
be driven as high as 2.2V (corresponding to a 10%
boast in output power). The safest method of using
this input is to pull the voltage down using an external
resistor or potentiometer to ground. Applying a re‐
sistance to ground will create a voltage divide circuit
between the external resistance and an internal re‐
sistance of 1K to the 2.05V reference. Damage due to
overdrive will not be covered under warranty. Use of
this input will likely decrease the performance of the
EM655 by bypassing its internal ultra‐low noise voltage
reference.
The PA input must never be shorted directly to Vcc
which would cause circuit malfunction or rapidly de‐
stroy the DFB laser.

Temperature Adjust (TA)

The EM655 is designed to operate the laser chip at a
constant temperature of 25C holding the output fre‐
quency within a window of 5 GHz. However, some ap‐
Bias Level Adjust (PA)
plications require coarse tuning of the output frequen‐
The EM655 is designed to run in constant current
cy via temperature. In these cases, the laser may be
mode with the drive current set for the as‐ordered tuned using the TA input. Temperature deviations of
output power to achieve the highest possible perfor‐
more than a few degrees (50 GHz in laser frequency)
mance. However, some applications require fine tun‐
United States +1 781 275 7501
sales@em4inc.com
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may result in decreased stability and increases the like‐
lihood of the laser experiencing a longitudinal mode‐
hop. Use of this input carries the inherent potential of
overdriving the TEC. The TA input is clamped to Vcc
through integrated protection diodes. If Vta is estab‐
lished before Vcc these clamp diodes will conduct. The
input current should always be limited to ≤3.5mA to
prevent destruction of the clamp diodes. The safest
method of driving this input is with a tri‐state output
whose output is current limited when active, main‐
tained at high‐impedance until Vcc is established, and
whose output returns to high‐impedance before Vcc is
removed. The device warranty will not be honored for
lasers with overdriven TECs. Use of this input also car‐
ries the likelihood of decreased frequency stability as it
bypasses the internal ultra‐low noise voltage refer‐
ence.

will exist between the RF ground and DC ground due to
the laser diode bias voltage. In addition, shorting of the
RF connector places an electrical short in parallel with
the laser which will prevent the laser from operating.

Startup Considerations
The EM655 consumes a considerable amount of cur‐
rent in the startup phase and when operating at tem‐
perature extremes. A voltage source plus cabling able
to deliver the maximum specified current at no less
than the minimum voltage is therefore needed. Cur‐
rent limiting below the specified maximum during the
startup phase will result in an internally measured
drive voltage lower than specified. This condition can
result in permanent, non‐warrantable damage to the
device.

If the user fails to sequence the supplies as described
The TA input must never be shorted directly to Vcc or in the Power and Temperature adjust sections of this
ground which would cause circuit malfunction or rap‐ document and Applications Note DS‐7047, the device
idly destroy the DFB laser.
will immediately suffer non‐warrantable damage or
destruction.

Grounding (DC and RF)

Care must be taken with grounding, cabling, and con‐
nections due to the amount of current the module
consumes. Make sure that the voltage on pins PA/TA
reference ground as close to the EM655 as possible if
either input is connected. DO NOT connect the cable
shield to ground at both ends of the cable to avoid
producing a ground loop. DO NOT connect the EM655
housing to ground to avoid producing a ground loop.

Applications Information
Be sure to check the website for the latest applications
information for this device. Application note DS‐7047
covers general usage of the EM655 along with infor‐
mation particular to tuning via temperature or chirp. If
you plan to tune this device, it is highly recommended
that you read this app note.

The shield of the RF input 2.92 mm connector is con‐
nected to the laser anode and the center conductor to
the laser cathode via the RF matching resistor. Care
should be taken that the connection of an RF source
does not result in a DC leakage path. The ground of the
RF source must be isolated from the ground of the DC
power supply, as 1.3V typical bias voltage difference
United States +1 781 275 7501
sales@em4inc.com
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Ordering Information
EM655‐

FREQUE‐ POW‐ FIBuM‐

CON‐

50

Parameter

Option

Bias‐T

50

Connector

Fiber &
Buffer
Related
Output
Power
Wavelength

Product
Family
1.
2.
3.

NOC
FCA
SCA
LCA
SM250
SM900
PM250
PM900
10
18
FREQUE

Description
50Ω Matched Bias‐T
No Connector
FC/APC
SC/APC
See Note 1 below
Single Mode Fiber, 250um Buffer
Single Mode Fiber, 900um Loose
Buffer
PM Fiber, 250um Buffer
PM Fiber, 900um Loose Buffer
1310nm w/ PM Fiber
1530‐1570nm w/ any fiber
1310nm w/ SM Fiber
For λop = 1310nm: 228849
For λop = 1530nm: 195943
For λop = 1550nm: 193414
For λop = 1570nm: 190951

EM655

7‐pin DFB w/ Integrated Electronics

EM6563

7‐pin DFB w/ Integrated Electronics,
WITH NO ISOLATOR3

LCA connector only offered with SM900 fiber. Fiber length 530 +/‐ 20mm as measured from outside wall of package (snout end)
to tip of ferrule on LCA connector.
Optional 900 μm loose‐tube PVDF buffer recommend for laboratory use. Adds approximately one week to device lead time.
The stability of the ordered wavelength for devices with no optical isolator cannot be guaranteed. Devices without optical isola‐
tors are also subject to mode‐hops and will be susceptible to back reflections.

The component complies with all applicable portions of 21 CFR 1040.10, 21 CFR 1010.2 and 21 CFR 1010.3. Since this is a component, it
does not comply with all of the requirements contained in 21 CFR 1040.10 and 21 CFR 1040.11 for complete laser products.
The information published in this datasheet is believed to be accurate and reliable. G & H reserves the right to change without notice
including but not limited to the design, specification, form, fit or function relating to the product herein.
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DO NOT connect the DB‐9 connector on the
EM655 to any commercial laser controller.
Warning:
This device requires between 4.6V and 5.5V as measured from the Vcc to GND terminals. These voltages must
be maintained for currents ranging from 0‐3A necessitating the use of short wires and/or large AWG wire.
Failure to supply sufficient voltage at the device terminals may result in excess current draw and permanent,
non‐warrantable damage. If the device draws 3A for more than 3 seconds, turn off power and check for exces‐
sive wiring resistance or a baseplate temperature outside the operational range.

Warning:
The TA and PA inputs should be driven with a current limited source with sequencing of the signal and power
supply as described in the datasheet. Failure to follow these guidelines has the potential to cause non‐
warrantable damage to the drive electronics and/or laser module. If the device is to be tuned using either the PA
or TA input, it is highly recommended that the user read and understand the application note “DS‐7047 Fre‐
quency Tuning a DFB Laser,” available on the website.

Warning:
A thermal interface material is required between the EM655 and a customer supplied heatsink. G & H’s recom‐
mends the use of Panasonic PGS Series flexible graphite sheets available in the US from Digi‐Key Corporation.
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EM750 Narrow-Linewidth DFB Laser Module
Features







Narrow Linewidth
Low RIN
High Power
Tunable
Pin-Compatible with EM650
Custom 50 GHz ITU Grid Wavelengths Available

Applications





Sensors
Spectroscopy
Analog Communications
LIDAR

General Description
The Gooch and Housego EM750 represents a new generation of OEM narrow-linewidth lasers. It is based on the EM650 family of
integrated DFB lasers known for their ultra-low noise, stability, and tunability. The new EM750 combines these traits with a patent
pending mechanism that retains the advantages of the EM650, but reduces the linewidth to a typical value of <10 kHz. Laser phase
noise is significantly reduced for Fourier frequencies below ~15MHz, providing considerable improvements in performance for many
linewidth-sensitive applications. The Relative Intensity Noise (RIN) of the EM750 is below -140dBc/Hz between 10 kHz and 40 GHz,
making it suitable for the most demanding analog applications. The EM750 is also widely tunable, making it well suited for highresolution laser spectroscopy.

Absolute Maximum Ratings
Stresses beyond those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings only and operation of the device at these or conditions beyond these is not implied. Exposure to absolute maximum ratings for
extended periods of time may affect device reliability.
Parameter

Sym.

Storage Temperature
Operating Case Temperature

Min

Max

Unit

TSTG
TOP

-40
-10

+85
+65

C
C

Voltage Supply

Vcc

4.6

5.5

V

Current Supply
Laser Enable Input Voltage
Laser Enable Input Current
Power Adjust Input Voltage
Power Adjust Input Current
Temperature Adjust Input Voltage
Temperature Adjust Input Current
Monitor Detector Output Voltage
Monitor Detector Output Current
1
Optical Output Power

Icc
LE
ILE
Vpa

3.5
Vcc+0.3
2
3.4
+3.5
5
+3.5
Vcc
+15
1.1*Pbol

A
V
mA
V
mA
V
mA
V
mA
mW

G&H Bedford +1 781 275 7501
bostonsales@goochandhousego.com

Vta

Condition

GND-0.3
Warning: see notes
Warning: see notes
Warning: see notes
Warning: see notes

Vmon
Imon
Pop

0
-3.5
0
-3.5
-15
Pbol
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Optical Characteristics
2

Tamb=25C baseplate temperature, continuous wave, and beginning of life (bol ) unless otherwise specified. All parameters measured
after 60s settling time. Vcc = LE = 5.0V with PA and TA open.
Parameter

Sym.

Optical Output Power Setpoint

Pop

Optical Frequency Setpoint Accuracy

Fop

Tamb=25C

Optical Frequency Stability
3
Linewidth
4
Relative Intensity Noise
5
Side Mode Suppression
Optical Isolation

Fopt
Δν

P=Pbol

RIN
SMSR
ISO

Polarization Extinction Ratio

PER

P=Pbol, peak value
P=Pbol
Fopt within C-Band
w/ high quality patch
cable

Power Adjust Tuning Coeff.
(Power, above threshold)
FOR REFERENCE ONLY
Power Adjust Tuning Coeff.
(Wavelength, at operating point)
FOR REFERENCE ONLY
Temperature Tuning Coeff.
(Wavelength)
Tuning Range

Condition

Min

Typ

30

35

-5

±2.5

+5

GHz

15
10
-150

25
15
-140

MHz
kHz
dBc/Hz
dB
dB

30
45

Max

Unit
mW

55

17

dB

dP/dVpa

2.05V DC offset

----

+Pbol/2

----

mW/V

dλ/dVpa

2.05V DC offset

----

-100

----

GHz/V

dλ/dVta

2.5V DC offset

+58

6

Fopt-75

GHz/V

Fopt

Fopt+75

GHz

Electrical Characteristics
All voltages in this document are taken at the device pins, referenced to GND at the device pins, unless otherwise mentioned.
Parameter

Sym.

Voltage Supply
7
Current Supply
Laser Enable High
Laser Enable Low
Laser Enable Input Impedance
8
Laser Enable Bandwidth
9
Power Adjust

Vcc
Icc
LEH
LEL
ZLE
VPA

Warning: see notes

Power Adjust Input Impedance

ZPA

to 2V Vref

1

kΩ

-3dB

8

kHz

Power Adjust Bandwidth
10

Condition

Min

Typ

Max

Unit

4.8

5

5.2
3.5

V
A
V
V
kΩ
Hz
V

3.5
1.5
5
35
0

Temperature Adjust
Temp Adjust Input Impedance

VTA
ZTA

Warning: see notes
To 2.5V Vref

1

Monitor Detector Output

VMON

at Pop

1
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4
1
3

V
k
V
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EM750 Narrow-Linewidth DFB Laser Module
Fiber & Connector Characteristics
Parameter

Sym.

Condition

Min

Typ

Max

Unit

PM Panda Parallel
to slow axis

Fiber Type
Core Diameter
Connector Keying
Connector Type

Parallel to slow axis

8
2.05mm keyway
FC/APC

μm

Environmental Characteristics
All temperatures in this document are taken at the device baseplate unless otherwise mentioned.
Parameter

Sym.

Condition

Min

Typ

Max

Unit

Storage Temperature
Vcc
-40
+85
⁰C
Operational Temperature
Icc
-10
+60
⁰C
Humidity
noncondensing
Notes
1) Output power should not be driven more than 10% beyond delivered operating point.
2) ”bol” references beginning of life, at as-delivered setpoints. Due to manufacturing tolerances, output power may be significantly above rated power.
3) Linewidth measured using 80 km delay, 10 kHz resolution bandwidth, 250 ms sweeptime averaged over 75 scans
4) RIN peak value determined using a 20pt moving average and a 2000 point sweep.
5) EM750 is screened for SMSR within 25MHz of line center during linewidth testing. Internal DFB is screened for SMSR via
wavelength meter.
6) Attainable frequencies quantized by the free spectral range (FSR).
7) Supply current limit should never be set below 3A, which could result in an undervoltage condition at startup, resulting in
erratic behavior and potential failure.
8) Please note that Laser Enable (LE) input has a slow response and is not intended for modulation of the laser. Modulation
should be performed using the PA input.
9) While the PA pin can be pulled to 3V, it should not be used to drive the laser beyond 110% of its BOL as-delivered power
setpoint. PA should be sequenced as described in EM4 DS-7047 EM650 Tuning App Note .
10) Temperature adjust (TA) allowable settings are dependent on ambient/heatsink conditions and laser output power. Care
should be used when adjusting the PA input as driving it too far can result in thermal runaway of the internal TEC and
damage or destruction of the device. TA should be sequenced with respect to the power supply as described in DS-7047
EM650 Tuning App Note and in Warnings section of this document.
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EM750 Narrow-Linewidth DFB Laser Module
Ordering Information
EM750-

FREQUE-

POW-

FB-

CON

Parameter

Option

Description

Connector

FCA

FC/APC

Fiber

PM

PM (Panda) Fiber

Rated Output
Power

030

30mW Rated Output

Optical
Frequency

FFFFFF

Frequency in GHz leave as XXXXXX for
don’t care. Standard frequencies
range between 192000 and 196000
other frequencies available upon request

Product
Family

EM750

Narrow-Linewidth DFB Laser Module

Pinout and Mechanical Drawing
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EM750 Narrow-Linewidth DFB Laser Module

10KHz

Typical Linewidth
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EM750 Narrow-Linewidth DFB Laser Module
WARNINGS: several of the parameters listed in
the specifications above are denoted with a
warning. These warnings are covered by the following notes which should be understood before operating the device.

input to levels corresponding to the desired operating conditions of the laser module. The addition of a series resistor to
this input, which will increase laser current noise and
linewidth, is not recommended. The safest method of driving this input is with a tri-state output whose output is current limited when active, maintained at high-impedance
until Vcc is established, and whose output returns to highimpedance before VCC is removed. Damage due to overdrive will not be covered under warranty. Use of this input
Mounting
will likely decrease the performance of the EM750 by bypassing its internal ulra-low noise voltage reference.
The EM750 is conductively cooled through its base and
The PA input must never be shorted directly to Vcc which
needs to be mechanically clamped or bolted to a customer
would cause circuit malfunction or rapidly destroy the DFB
supplied heatsink using a thermal interface material. EM4
laser.
recommends Panasonic PGS series pyrolitic graphite sheets,
available in the US from Digi-Key Corporation. Should PGS
Temperature Adjust (TA)
not be available, a high-quality non-silicone heatsink grease
applied per the manufacturer’s instructions is an acceptable The EM750 is designed to operate the laser chip at a conalternative. Care should be taken to keep the base tempera- stant temperature holding the output frequency within
ture of the module between -10 and 60C at all times during 5 GHz of the ordered frequency. However, some applicaoperation.
tions require coarse tuning of the output frequency via temperature. In these cases, the laser may be tuned using the
Noise suppression
TA input. Temperature deviations of more than 8 degrees
(100 GHz in laser frequency) from the as-ordered setpoint
The EM750 is a no-compromises low-noise integrated laser
may result in decreased stability and increases the likelihood
solution; the temperature controller output is class AB lineof the laser experiencing a longitudinal mode-hop. The
ar, there are no DC/DC converters in the module, the lowest
achievable tuning range will depend on the specific laser
noise components and architectures available are used
chip, the ambient temperature, and the thermal resistance
along with heavy filtering. Nevertheless, power supply ripple
to the ambient. Use of this input carries the inherent potenand noise should be minimized and the cable shield should
tial of overdriving the TEC. The TA input is clamped to Vcc
be connected to the EM750 connector shield and tied to the
through integrated protection diodes. If Vta is established
appropriate signal at the power supply end of the cable.
before Vcc these clamp diodes will conduct. The input current should always be limited to ≤3.5mA to prevent destrucPower Adjust (PA)
tion of the clamp diodes. The safest method of driving this
The EM750 is designed to run in constant current mode with input is with a tri-state output whose output is current limthe drive current set for the as-ordered output power to ited when active, maintained at high-impedance until Vcc is
achieve the highest possible performance. However, some established, and whose output returns to high-impedance
applications require fine tuning of the laser drive current to before Vcc is removed. The device warranty will not be honfine-tune frequency and power. The PA input provides this ored for lasers with overdriven TECs. Use of this input also
functionality, but its use carries an amount of risk. Use of carries the likelihood of decreased frequency stability as it
this input carries the potential to overdrive the laser and/or bypasses the internal ultra-low noise voltage reference.
circuitry with the ability to destroy or drastically reduce the The TA input must never be shorted directly to Vcc or
device lifetime. No internal protections on this input are ground which would cause circuit malfunction or rapidly
provided, but the user is encouraged to clamp or otherwise destroy the DFB laser.
limit the voltage and current that may be applied to this
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EM750 Narrow-Linewidth DFB Laser Module
Grounding
Care must be taken with grounding, cabling, and connections due to the amount of current the module consumes.
Make sure that the voltage on pins PA/TA reference ground
as close to the EM750 as possible if either input is connected. DO NOT connect the cable shield to ground at both ends
of the cable to avoid producing a ground loop. DO NOT connect the EM750 housing to ground to avoid producing a
ground loop. DO use large gauge and/or short wire runs to
minimize power rail fluctuations due to drive current. If
your DC supply has remote sense lines, consider using them
to control the voltage as close to the module pins as possible.

Applications Information
Be sure to check the EM4 website for the latest applications
information for this device. Application note DS-7047 covers
general usage of EM4’s integrated modules along with information particular to tuning via temperature or chirp. If
you plan to tune this device, it is highly recommended that
you read this app note.

Startup Considerations
The EM750 consumes a considerable amount of current in
the startup phase and when operating at temperature extremes. A voltage source plus cabling able to deliver the
maximum specified current at no less than the minimum
voltage is therefore needed. Current limiting below the
specified maximum during the startup phase will result in an
internally measured drive voltage lower than specified. This
condition can result in permanent, non-warrantable damage
to the device.
If the user fails to sequence the supplies as described in the
Power and Temperature adjust sections of this document
and Applications Note DS-7047, the device will immediately suffer non-warrantable damage or destruction.

The component complies with all applicable portions of 21 CFR 1040.10, 21 CFR 1010.2 and 21 CFR 1010.3. Since this is a component, it does not comply with all of the requirements contained in 21 CFR 1040.10 and 21 CFR 1040.11 for complete laser products.
The information published in this datasheet is believed to be accurate and reliable. Gooch and Housego reserves the right to change
without notice including but not limited to the design, specification, form, fit or function relating to the product herein. ©2014
Gooch and Housego. All rights reserved.
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