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(57) Abrégée/Abstract:

The Invention discloses an optical transmission module with digital adjustment and method thereof. The module includes a laser
(21), a laser driver (22), an automatic power adjustment circuit (23), an automatic temperature adjustment circuit (24), a digital
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(57) Abrege(suite)/Abstract(continued):

adjustment circuit (25) and a memory (26). The digital adjustment circuit, consisted of a digital-to-analog converter or a digital
adjustment potentiometer, receives a digital adjustment signal and outputs, respectively, a extinction ratio adjustment signal and a
cross point adjustment signal to the laser driver, an optical power adjustment signal to the automatic power adjustment circuit and
an optical wavelength adjustment signal to the automatic temperature adjustment circuit. The memory stores data, using for on-line
adjustment of the optical transmission module, at least including parameters of said optical transmission module and said laser
emitting optical power parameters, to be reported upward. During adjustment, look up the parameter table of optical transmission
modules, according to an expected output optical power, obtain corresponding DAC channel data and write it to the digital
adjustment circuit in which adjustment signals of corresponding parameters are produced; and according to A/D conversion result

detected by the laser against light, look up the table for transmitted power to be reported upward, to obtain a transmitted power
value for reporting upward.
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Abstract

The invention discloses an optical transmission module with digital adjustment
and method thereof. The module includes a laser (21), a laser driver (22), an
automatic power adjustment circuit (23), an automatic temperature adjustment circuit
(24), a digital adjustment circuit (25) and a memory (26). The digital adjustment
circuit, consisted of a digital-to-analog converter or a digital adjustment potentiometer,
receives a digital adjustment signal and outputs, respectively, a extinction ratio
adjustment signal and a cross point adjustment signal to the laser driver, an optical
power adjustment signal to the automatic power adjustment circuit and an optical
wavelength adjustment signal to the automatic temperature adjustment circuit. The
memory stores data, using for on-line adjustment of the optical transmission module,
at least including parameters of said optical transmission module and said laser
emitting optical power parameters, to be reported upward. During adjustment, look up
the parameter table of optical transmission modules, according to an expected output
optical power, obtain corresponding DAC channel data and write it to the digital
adjustment circuit in which adjustment signals of corresponding parameters are
produced; and according to A/D conversion result detected by the laser against light,
look up the table for transmitted power to be reported upward, to obtain a transmitted

power value for reporting upward.
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OPTICAL TRANSMISSION MODULE WITH DIGITAL ADJUSTMENT AND THE

ADJUSTING METHOD

Field of the Technology

The 1nvention generally relates to electro-optical

converter technigque 1n an optical communication system, more

especlally to a digital adjustment method for optical

transmission module and 1ts parameters.

Background of the Invention

In an optical communication system, an optical

transmission module converts an electrical signal to an

optical signal, and 1ts performance affects the system

performance directly. Therefore, an optical transmission
module 1s important 1n the system. Conventionally, an
optical transmission module with analog adjustment 1s shown

in Fig. 1.

In Fig. 1, the optical transmission module 1is

gr—
e

malnly consisted of four parts: a laser 11, which performs

electro-optical conversion; a laser driver 12, which makes
1impedance match, drives the laser and sets parameters; an

automatic power control (APC) circult 13, which makes power

of the transmission signal stable; and an automatic

temperature control (ATC) circuit 14, which makes

temperature of the laser stable to guarantee a stable

optical wavelength.

Input signals of an optical transmission module

- g
p—

include a differential clock signal and a differential data

signal, which are inputted to the laser driver 12, the laser

shutdown signal, which 1s inputted to the APC circuit 13.

p—

The signals for reporting upward performance of an optical

transmission module, 1include the laser refrigerating current
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r—
P—

outputted from ATC circuit 14; the average power of a

transmission optical signal outputted from APC circuit 13,

and the laser bias current.

Parameters of the optical transmission module are

adjusted mainly through potentiometers. Extinction ratio
and cross polint of the laser is adjusted by the
potentiometers R1 and RZ through the laser driver 12. The
optical wavelength trimming signal of the optical
transmission module 1s adjusted by the potentiometer

F

R3 through ATC circuit 14. The optical power of the optical

transmission module 1s adjusted by the potentiometer

R4 through APC circuit 13.

There are also other additional circuits, such as
a laser shutdown cilrcuit, a power supply etc. Since they
are no relation with the invention, so they have not been

drawn here.

Advantages of the optical transmission module with
analog adjustment are mature technically, and are popularly
used by communication device vendors; but there are

disadvantages:

(1) Accuracy and stability of parameters of the

optical transmitter depends on accuracy and stability of the

potentiometers, and a potentiometer changes its resistance
by changing the slider position, which is a mechanical
device. Since contacts of a mechanical potentiometer have

problems of contact fault, temperature drift and contact

moving etc., drift of potentiometer parameters 1is

unavolidable.

(2) Adjustment of a potentiometer is complicated

sO that 1t 1s difficult for an optical transmission module

to be i1mplemented automatic production and production cost

%
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r—

workers,

of an optical transmission module depends on skills of

CA 02474876 2008-09-09

will be higher during manufacture. In addition, performance

”

so 1t 1s difficult to guarantee performance

f-

consistency of products.

(3) It is difficult to create a product database

ﬁ ﬁ

for parameters of adjustment and testing of optical

transmission module products. The product database 1s very

p—

important for ameliorating performance of optical

transmission module.

transmission module will be drift along with i1ncreasing ot

service
optical

this 1s

digital
digital
digital

module.

ﬁ

(4) During application, parameters of an optical

b

r—
aand

time. It 1s necessary to adjust parameters of an

transmitter without 1nterruptling 1ts service, but

impossible for a device adjusted by potentiometers.

In recent years, along with the development of
technique many analog techniques are replaced by
techniques. The 1nventlon 1ntends to implement

— pr—

adjustment of parameters of an optical transmission

Summary of the Invention

ﬁ F

An object of embodiments of the 1nvention 1s to

design an optical transmission module with digital

adjustment and an adjusting method thereof. When parameters

f—

of an optical transmission module are adjusted by digital

technigque, the module production can be automatic easily,

production e:

#
—

ficiency can be ralised and cost can be

decreased, also, parameters can be adjusted without

interrupting service, for example, adjusting optical power

online.
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In accordance with one aspect of the present
invention, there is provided an optical transmission module
with digital adjustment includes a laser, a laser driver, an

automatic power control circult and an automatic temperature

control circuit, wherein the optical transmission module

further comprises a digital adjustment circuit and a memory;
wherein the memory 1s configured to store relations between
preset laser transmission optical powers and digital
adjustment parameters for the optical transmission module;

and the digital adjustment circuit 1s connected to the laser

driver, the automatic power control circuit and the

automatic temperature control circuit, and is configured to
obtain the digital adjustment parameters according to an
expected laser transmission optical power, and convert the

laser digital adjustment parameters into adjustment voltage

'signals comprising a laser extinction ratio adjustment

signal being output to the laser driver to adjust laser
extinction ratio, a laser cross point adjustment signal
being outputted to the laser driver to adjust laser cross

point, a laser optical wavelength trimming signal being

output to the automatic temperature control circuit to

adjust laser optical wavelength, and a laser optical power
adjustment signal being output to the automatic power

control circuit to adjust laser optical power.

In accordance with a second aspect of the present

invention, there 1s provided a method for digital adjustment

on an optical transmission module, comprising: setting a
memory to store relations between every preset analog
transmission optical power within a designated range with a

specific space and laser digital adjustment parameters,

wherein the laser digital adjustment parameters comprise a

laser extinction ratio adjustment signal, a laser cross

point adjustment signal, a laser optical power adjustment

4
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signal and a laser optical wavelength trimming signal;
setting a digital adjustment circuit with a digital-to-

analog conversion function; looking up the relations in the

memory to obtain the laser digital adjustment parameters

corresponding to an expected laser transmission optical
power; writing the obtailined laser digital adjustment
parameters to the digital adjustment circuit for digital-

to-analog conversion; through the digital adjustment

circuit, outputting the laser extinction ratio adjustment

signal, the laser cross point adjustment signal, the laser
optical power adjustment signal and the laser optical
wavelength trimming signal to adjust laser extinction ratio,

laser cross point, laser optilical wavelength and laser

optical power of the optical transmission module,

respectively.

In accordance with a third aspect of the present
invention, there 1s provided a method for obtaining a laser
transmission optical power of an optical transmission module

with digital adjustment, comprising, setting a memory to

store relations between every preset analog transmission

optical power within a designated range with a specific
space and its analog-to-digital converter data; detecting a

transmission optical power of the optical transmission

module and converting it to a digital signal; looking up the

'relations between every preset transmission analog optical

power and 1ts analog-to-digital converter data according to
the digital signal and obtaining a laser transmission
optical power value corresponding to the detected

transmission optical power for reporting upward.

The technical scheme of embodiments of the

invention is as follows.
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An optical transmission module with digital
adjustment includes a laser (21), a laser driver (22), an

automatic power control circuit (23) and an automatic

S5a
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temperature control circuit (24), wherein the optical

transmission module further includes:

a digital adjustment circuit (22) and a

memory (26);

D the digital adjustment circuit (25) 1s inputted an

adjustment signal from a digital interface, and outputs

respectively, a laser extinction ratio adjustment signal and

a laser cross polnt adjustment signal to the laser

driver (22), a laser optical wavelength trimming signal to
10 the automatic temperature control circuit (24) and a laser

optical power adjustment signal to the automatic power

control circult (23);

the memory (26) stores data which at least

includes parameters of the optical transmission module and

15 the laser transmission optical power parameters to be

gr—

reported upward, for on-line adjustment of the optical

transmission module.

The digital adjustment circult 1s a digital-to-

P

analog converter (DAC) consisted of a serial digital-to-

20 analog converter circuit connected with a level converter.

The digital adjustment circult 1s a digital

F

adjustment potentiometer consisted of a resistance array, a

multi-channel selection switch and a level converter, which

are connected 1n seguence.

25 The laser i1s a direct adjustment laser with

refrigerating silicon.

ﬁ

The technical scheme of the 1nvention further

includes a digital adjust method for an optical transmission

module, comprising:
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A. setting a memory to store a parameter table of

the optical transmission module, a table for upward

reporting laser transmission optical power, and information

P

of optical transmission modules;

B. setting a digital adjustment circult consisted

of a digital-to-analog converter (DAC) at least;

ity

C. looking up the parameter table of the optical

transmission module in the memory to obtain DAC channel

data, according to an expected transmltter optical power;

writing to the digital adjustment cilrcuilt; through the

digital adjustment circuit, outputting analog signals for
laser extinction ratio adjustment, laser cross point
adjustment, laser optical power adjustment and laser optical

wavelength trimming;

P

D. detecting transmitted power of the optical

transmission module by against light and converting i1t to a

digital signal;

E. looking up the table for upward reporting laser
transmission optical power 1n sailid memory according to the

digital signal and obtaining a laser transmission optical

power value for reporting upward.

F

In the step C, the step of obtalining DAC channel

data further comprises, through linear interpolation based

on the parameter table of the optical transmission module,

to obtain DAC channel data;

™ g

1n the step E, the step of obtaining a laser

transmission optical power value for reporting upward

further comprises, through linear 1nterpolation based on the

table for upward reporting laser transmission optical power,
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to obtalin the laser transmission power value for reporting

upward.

pr—

For the parameter table of the optical

transmission module, further comprises, takilng a preset

transmission optical power as an i1ndex 1tem, setting other

P

items corresponding DAC channel data of the transmission

ﬁ

optical power including, DAC channel data of an optical

power, the DAC channel data of an extinction ratio,

r—

DAC channel data of a cross point and DAC channel data of an

Lk

optical wavelength.

For the preset transmission optical power 1in the

—
p—

parameter table of the optical transmission module, further

P

comprises, setting range of the preset transmission optilcal

power, which 1s an 1ndex item of the parameter table, from

-3.0dBm to +3.0dBm with 0.5dBm space.

P

Creation of the parameter table of the optical

transmission module further comprises:

Al. under a selected first and second laser

transmlssion optical power, adjusting and testing laser

-

parameters of the optical transmission module until that 1its

F

extinction ratio, cross point and optical wavelength satisfy

standards; and then recording first group data and second

group data, respectively; wherein each group data including

DAC channel data of an optical power, DAC channel data of an

r—

extinction ratio, DAC channel data of a cross point and

F

DAC channel data of an optical wavelength;

Bl. taking the laser transmission optical power as

F

abscissa of a coordinate system and taking, respectively,

F

DAC channel data of the optical power, DAC channel data of

the extinction ratio, DAC channel data of the cross point
and DAC channel data of the optical wavelength as ordinate

S
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pr—

of the coordinate system; respectively identifying data of

1)

the first and second group on correspondling coordinate
systems according to parameter tvpes, and connectling two
points with a linear line on each coordinate system, and

A
p—

then obtaining curves of functions belng drawn; wherein

functions 1includes optical power DAC channel data function

of the laser transmission optical power, extinction ratio

pr—

DAC channel data function of the laser transmission optical

power, cross point DAC channel data function of the laser

transmission optical power and optical wavelength

ﬁ

DAC channel data function of the laser transmission optical

pOWer;

P

Cl. obtaining the parameter table of the optical

g

transmission module by taking fixed space of the laser

transmission optical power on the curves.

The table for upward reporting laser transmission

optical power, 1s a table of corresponding analog-to-digital

F

(ADC) channel data function of the laser transmission

optical power; and range of the said transmission power 1S

set from -3.0dBm to +3.0dBm with 0.5dBm space.

—

Creation of the table for upward reporting laser

transmission optical power, further comprises:

—

AZ. under a selected first and second of laser

transmission optical power, adjusting and testing upward

F

reporting value of laser transmission optical power in the

optical transmission module, respectively; recording

corresponding first and second ADC data, respectively;

B2. taking the laser transmission optical power as

F

abscissa and the ADC data of the laser transmission optical

g

power as ordilnate of a coordinate system; identifying first

and second ADC data on the coordinate system and connecting

9
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the said two points with a linear line, and then obtaining a

curve of the ADC data function of the laser transmission

optical power;

C2. obtaining the table for upward reporting laser

b

5 transmission optical power by taking fixed space of said

transmission power on curve sald above.

Comparing with the conventional analog optical

transmission module, the invention mainly changes the

-

adjustment mode, and the basic circuits of an optical

10 transmission module are kept unchanged. The invention adds
memory to the module and substitutes the analog
potentiometer with a digital adjustment circuit. The memory
1s used to store parameters of the optical transmission

module, and the digital adjustment circult 1s used to adjust

g—

15 a working point of the laser.

F

Although, 1mplementation of the invention will

increase software overhead, comparing with the optical

transmission module with analog adjustment by the

potentiometers, the inventlion has the following advantages:

20 (1) when a working point of the laser is set and

adijusted by a DAC device, there 1s no any mechanical
contact, so the optical transmission module with digital

adjustment 1s more reliable, stable and has longer service

life;

25 (2) when the optical transmission module

parameters are adjusted by a digital potentiometer, it is

implemented by software, so 1t 1s easiler to implement

F
p—

automatic production, to raise production efficiency and to

decrease production cost;

10
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(3) by creating a product parameter database with

the present IT platform, it 1s easler to guarantee product

gquality and possible to trace products;

(4) since optical transmission module production

is automatic, skills of workers on which module quality
depends is decreased, so product quality can be ralsed and

production cost can be decreased;

(5) through a network management system,

r—

parameters of an optical transmission module can be adjusted

on line, this will extend 1ts life and decrease affection

for service during malntenance;

(6) An optical transmission module with digital

adjustment has better performance, and 1ts EEPROM memory

stores parameters of the module 1n a table; with linear

interpolation its transmission optical power can be changed

r— gr—
P

ficiency of adjustment and test applied 1in a

easily, so e:

system 1s raised; nevertheless, for an adjusted and tested
analog adjust optical transmission module, when 1t 1s

applied in a system and a transmission power does not

satisfy requirement because of difference between the preset
transmission power and the requilired transmission power 1n a
system, usually a melt method 1s used to decrease the

transmission power until the transmission power reaches a

suitable value, which will decrease a system reliability.

Brief DescriEtion of the Drawings

Figure 1 shows a diagram of a conventional optical

transmission module with analog adjustment.

g

Figure 2 shows a dilagram of an optical

transmission module with digital adjustment.

11
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Figure 3 shows a diagram of an optical
transmission module by taking a DAC device as the digital

adjustment circuilt.

P

Figure 4 shows a diagram of an optical

transmission module by taking a digital adjustment

potentiometer as the digital adjustment circuilt.

Figure 5 shows a circuit diagram taking DAC device

as the digital adjustment circuit as shown 1n Fig. 3.

Figure 6 shows a circult diagram taking a digital
adjustment potentiometer as the digital adjust circult as

shown in Fig. 4.

F

Figure 7 shows a circult dilagram of a digital

adjustment potentiometer as shown 1n Fig. 6.

Figure 8 1s a diagram showlng how a parameter

table 1s created 1n the 1nvention.

Figure 9 shows a laser with refrigeration

structure.

Figure 10 1s a diagram showlng how a table for
upward reporting transmission optical power, 1s created in

the 1nvention.

Filgure 11 shows a circult diagram for upward

reporting transmission optical power.

Figure 12 shows a reporting flowchart for upward

reporting transmission optical power in the invention.

Figure 13 shows an adjusting flowchart for

P

transmission optical power of an optical transmission module

with digital adjustment.

12
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Embodiments of the Invention

Reference to drawings, the invention will Dbe

described in more detaill.

Fig. 2 shows a diagram of an optical transmission

5 module with digital adjustment. Comparing with Fig. 1 shown

a diagram of an optical transmission module with analog

adjustment, the similar parts include the laser 21, which

performs electro-optical conversion; the laser driver 22,
which makes impedance match, drives the laser and sets
10 parameters; the automatic power control (APC) circuit 23,

which makes the transmission power stable; and the automatic

temperature control (ATC) circuit 24, which makes

r—

temperature of the laser stable to guarantee a stable

optical wavelength.

ﬁ

15 Input signals of an optical transmission module

i
v

include the differential clock signal and the differential

data signal, which are i1nputted to the laser driver 22, the
laser shutdown signal, which 1s inputted to the
APC circuit 23. The optical signals are outputted by the

F
p—

20 laser. The signals for reporting upward performance of an

optical transmission module, 1nclude the laser refrigerating

current outputted from ATC circuit 14; the average power of

a transmission optical signal outputted from APC circuilt 13,

and the laser bias current.

25 The digital adjustment circuit 25 and memory 26

are parts that are newly added for the invention. The

digital adjustment circult 25 respectively sends adjustment

signals of extinction ratio and cross polnt to the laser
driver 22, optical wavelength trimming signal to

30 ATC circuit 24 and optical power adjustment signal to

13
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APC circuit, which are performed by potentiometers R1 to R4

in Fig. 1.

In the following, the digital adjustment

circuit 25, the memory 26 and their adjusting method will be

further described.

Reference to Fig.3 and Fig.5 and compare F1g. 3

with Fig. 2, Fig. 3 shows the devices of the memory 26 and
the digital adjustment circuilt 25. The memory 26 applies

I°‘C EEPROM (Electrically Erasable Programmable Read Only

Memory) with 24C64 I°C interface, which has great storages

)

and simple 1nterfaces, and 1s used for storing parameters of
the optical transmission modules. The digital adjustment

cilrcult 25 applies digital-to-analog converter (DAC) device

that is consisted of 12 bits serial D/A converter connecting

ﬁ
el

wlth four operational amplifiers. The 1nput signals of

wherein 12 bits serial D/A converter are a serial clock

signal, a chip strobe signal and the serial data, and

wherein 12 bits serial D/A converter outputs four analog

-

signals, which are converted levels respectively by the four

operational amplifiers to form an extinction ratio
adjustment signal, a cross point adjustment signal, an
optical power adjustment signal and an optical wavelength

trimming signal.

DAC device 1s a digital-to-analog converter. The

output voltage of a 12 bits DAC satisfies the following

formula:

V__Vﬁyxllna
0 2N

4

Whereln Vg 1s the analog output voltage, Vggr 18 the

reference voltage, Data are the digital input of DAC device

F *

and N 1is the number of bits of the DAC device.

14
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Reference to Fig. 4 and Fig. © and compare Fig. 4

with Fig. 2, Fig. 4 shows the memory 26 and the digital

adjustment circuit 25. The memory 260 applies I°C EEPROM with

24C64 I°C interface, which has great storages and simple

F

interfaces, and 1s used for storing parameters of the

optical transmission modules. The digital adjustment

circuilt 25 applies digital adjustment potentiometer that 1s

F

consisted of 64 grades potentiometer connecting with four

ke

operational amplifiers. The 1input signals of the 64 grades

potentiometer are a serial clock signal, a chip strobe

signal and the serial data, and the 64 grades potentiometer

outputs four analog signals, which are converted levels

respectively by the four operational amplifiers to form: an
extinction ratio adjustment signal, a cross point adjustment
signal, an optical power adjustment signal and an optical

wavelength trimming signal.

Reference to Fig. 7, the digital adjustment

#

potentiometer 1s consisted of connecting a resistance array

with a multi-channel selection analog switch (64 channels).

The resistance array 1s consisted of the first to sixty-

third resistances that are serially connected between

F
—

Pl and P2. By writing different data to the register of the

"

P
e

multi-channel selection analog switch, different analog

switch 1s connected to the output PW, so output voltage can

gp— Jr—
—

pe changed. This 1s similar to the moving of the slider of

a mechanical potentiometer.

F

Two embodiments of the digital adjustment circuit

#

that 1s kernel of an optical transmission module are shown

in Fig. 3 to Fig. 7. First embodiment applies DAC device

for the digital adjustment circuilt and takes DAC mode.

Second embodiment applies digital adjustment potentiometer

—

for the digital adjustment circult and takes digital

potentiometer mode. Both embodiments all apply a memory.
15
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In both embodiments, four operational amplifiers

implement level conversion and impedance 1isolation. The

—

output voltage range of a digital adjustment potentiometer

or a DAC device 1is 0 to Vier (reference voltage). When using

different laser drivers, the adjusted voltage ranges ot

r—
ey,

optical transmission module are different.

F

adjustment signal range of extinction ratio,

—

———
—

In practice, the

cross point and

optical power is 0 to -4V, and the range of the optical

wavelength trimming signal 1s 2 to —-2V. These different

*

ranges of adjustment voltages can be obtained by level

conversion in the four operation amplifiers.

o

Furthermore,

output impedance of a DAC device or a digital adjustment

potentiometer is larger, so load capability 1s worse. In

the embodiments, with high 1nput 1mpedance of

the

operational amplifiers, 1mpedance 1solation between an

adjusted chip and a digital adjustment potentiometer or a

DAC device can be 1mplemented.

transmission module, which are stored in the

r—

P
b=t
L

In the embodiments, data of an optical

EEPROM,

includes: a parameter table of optical transmission modules,

a table for upward reporting transmission optical power of

P

lasers and information of modules. Among them, the

_—

parameter table 1is a basis

for on-line optical power

adjustment. Taking a DAC device as a digital adjustment

circuit, the parameter table of an optical transmission

module 1s described 1n the following.

ﬁ

The parameter table of an optical transmission

module 1is shown 1n Table 1. The index i1tem 1s a preset

transmission power taking dBm as a unit, and 1ts range 1is

P

from -3.0 to +3.0 with a space of 0.5dBm (stored data are

two’s complement represented by a hex). Other items are

optical power data, extinction ratio data, cross point data

and optical wavelength data, and they are all represented by

16
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a hex that will be written to

corresponding channels.

DAC device

Table 1
- — - -— —
Index 1tem |Optical Extinction |Cross point |Optical
( dBm ) power data |ratio data |[data wavelength
| data
S —  —— I
~-3.0 020K OA70 05A5 0435
~2 .9 0248 | 0A3F 05B1 0436
— — —
~-2.0 0288 OAQB 05BE 0437
-1.95 02D1 09CA 05CC 0439
— S I .
~-1.0 0323 09825 05DD 04 3A
— e et -
-0.05 037E 0937 O05EF 043C
0.0 03ES 08 DF I 0604 043E
0.5 0458 087D 061B 0440
|- s et —_— N I——
1.0 04DA 080F 0635 0442
1.5 056B 0794 0652 0445
2.0 060E 0709 ‘ 0673 0447
T — ‘ e !
2.5 06CHS 066D 0698 044B
3.0 0792 05BF 06C1 044E
e —————

Since extlinction ratio data,

optical power data,

cross point data and optical wavelength data are linear

—

“unction of

testing an optical transmission module,
needed to obtain the laser parameters.

parameters OoO:

p—

1ts adjustment voltage,

- a laser at these two points,

sO when adjusting and

only two points are

By obtaining

'

parameters o0I a

laser 1n the whole range of output optical power can be

obtalined.

this invention every 0.5dBm 1s a space

L7

Limited by computing overhead and storage,

1n

for storing data 1in
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the EEPROM. When reading out, software can obtain

p—

parameters of a laser at any transmission optical power by

looking for the table and calculating with linear

lnterpolation.

Reference to Fig. 8, creation of the parameters
table 0of an optical transmission module 1s further

described.

First step, when the laser transmission optical
power 1s at about —-2dBm, adjust and test parameters of the
optical transmission module so that the extinction ratio,
the cross point and the optical wavelength satisfy the
ITU-T standards; and then record a group of data: a
transmission optical power (Power 1), DAC channel data of an
optical power (DAC-Power 1), DAC channel data of an
extinction ratio, DAC channel data of a cross point
(DAC-Cross 1) and DAC channel data of an optical wavelength
(DAC-Wave 1).

Second step, change the laser transmission optical
power to about +1.0dBm, do the same adjusting and testing as
step 1 and record the second group of data: Power 2, DAC-
Power 2, DAC channel data of an extinction ratio, DAC-Cross

2 and DAC-Wave 2.

Third step, since every adjusted and tested

—

parameter are linear function of the transmission optical

power (dBm unit is transformed to mW unit here), connect
these two points, obtained at step 1 and step 2

respectively, with a linear line, curves of DAC-Optical

Power function, DAC-Extinction Ratio function, DAC-Cross
Point function and DAC-Optical wavelength function are

drawn, respectively.

18



10

15

20

235

30

719744-172

CA 02474876 2008-09-09

Fig. 8 shows a curve of DAC-Extinction Ratio

g

function of the transmission optical power. The two points

are [0.56mW(-2.0dBm), OAO8H] and [{1.41mW(1l.5dBm), 0794H].

From this curve, DAC-Extinction Ratio data of every expected

transmission optical power can be obtained. Similarly, a

P

curve oL

ﬁ

DAC-Optical Power function of the transmission

grie el

optical power, a curve of DAC-Cross function of the

transmission optical power, a curve of DAC-Optical

F

wavelength function of the transmission optical power can be

obtalned.

When the transmission optical power 1s taken with

every 0.5dBm in the range, Table 1 1s obtailned.

Fig. 9 shows a direct adjustment laser with

refrigeration structure. In this structure TEC 1s a

refrigerating silicon, TH 1s a heat-sensitive resistance,

and a palir of optical transmitter diodes and optical

recelver

diodes (PIN diodes) are used for optical detection

by against light and reporting upward the laser transmission

optical power. For a laser with refrigeration, 1f a bias 1s

provided

function

—
e

curve oL

for the PIN diodes, the optical current 1s a linear

—

of the input optical power (mW). Therefore, a

g
piie

analog-to-digital converter (ADC) data function of

transmission optical power can be defined by the two points

method used above, and the table for upward reporting

transmission optical power can be created.

B

Fig. 10 shows a curve of ADC data function of

transmission optical power. The two polnts are

[(0.56mW (-2.0dBm), 029FH] and [1.41mW (1.5dBm), O5ACH].

From this curve, ADC data correspondling to every expected

transmission optical power can be obtained. When every

0.5dBm transmission optical power 1s taken, the table for

upward reporting transmission optical power (Table 2) can be

obtailined.

19
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Table 2

ggizimission optical Corresponding ADC data
0 021D
tg ) 025A
—2.0 029F
-1.5 0Z2EC
) -1.0 0342
—jO.B 03A3
B 0.0 B 0410
| 0.5 - 048A
1.0 0513
1.8 05AC
>0 | —
2.5 o 071A
3.0 O7F3

Limited by float-point processing capability o:

CPU and overhead of software,

optica.

taking linear interpolation.

transmission module are kept 1n ASCII

including vendor information,

produced date,

The module information,

product sequence number,

the ADC data o3

In the memory, information of

type code of

1S convenilence

20

ﬁ

characters,

F

n

b

—

- Lransmission

power are obtained by looking up the table and

an optical

malinly

the module,

the product sequence number etc.

such as the exclusive

for management and
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quality trace; and 1s written once during production then it

1s read only and 1s not modified and deleted.

Reference to Fig. 11 and Fig. 12, which show

respectively reporting upward principle and procedure of the

pr—

transmission optical power. Analog value of a transmission

optical power 1s detected against by light, and is inputted

to ADC after amplified by an operational amplifier. The

converted value 1s a digital data and serially outputted

from the serial interface of the ADC. With the data by

looking up the table upward reporting transmission optical

]

power 1n the EEPROM and taking linear interpolation, a

transmission optical power can be obtained and reported

upward through the EEPROM serial interface.

FF1g. 13 shows the invention adjustment procedure

g—

of transmission optical power of an optical transmission

module that 1s adjusted digitally. The digital adjustment

hardware 1s a DAC device or a digital adjustment

potentiometer. With software, the transmission optical
power and other parameters are continuously adjusted, and

1mplementation steps 1ncludes:

F

Creating a parameter table of the optical

transmission module, Table 1, and storing in the memory;

Looking up the table based on an expected
transmission optilcal power, and taking linear interpolation

to obtain the corresponding DAC data;

Writing the DAC data to DAC channel.

Before executing the steps above, whether

P *

legitimacy of the table 1s checked. If reported data is

error, the procedure 1s ended.

21
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By setting a memory in an optical transmission
module, the invention implements parameters setting and
performance reporting. Through a digital adjustment

clrcuit, parameters and transmission optical power of an

optical transmission module can be adjusted 1n digital mode.

The method and circult of the invention have been

used in some optical network products and proved that they

are relilable and feasible.

22
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CLAIMS :

1. A method for digital adjustment on an optical

transmission module, comprising:

setting a memory to store relations between every
preset analog transmission optical power within a designated
range with a specific space and laser digital adjustment

parameters, wherein the laser digital adjustment parameters

comprise a laser extinction ratio adjustment signal, a laser

cross point adjustment signal, a laser optical power

adjustment signal and a laser optical wavelength trimming

signal;

setting a digital adjustment circuit with a

digital-to-analog conversion function;

loocking up the relations in the memory to obtain
the laser digital adjustment parameters corresponding to an

expected laser transmission optical power; writing the

obtained laser digital adjustment parameters to the digital

adjustment circuit for digital-to-analog conversion; through
the digital adjustment circuit, outputting the laser
extinction ratio adjustment signal, the laser cross point
adjustment signal, the laser optical power adjustment signal

and the laser optical wavelength trimming signal to adjust

laser extinction ratio, laser cross point, laser optical

wavelength and laser optical power of the optical

transmission module, respectively.

2. The method according to Claim 1, further

comprising, setting the memory to store relations between

every preset transmission analog optical power and its

analog-to-digital converter data;
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performing a back facet optical detection of the

laser transmission optical power of the optical transmission

module and converting a result of the back facet detection

to a digital signal;

looking up the relations between every preset
transmission analog optical power and 1its analog-to-digital

converter data according to the digital signal and obtaining

a laser transmission optical power value corresponding to

the transmission optical power for reporting upward.

3. The method according to Claim 2, the obtaining the

laser digital adjustment parameters comprises:

obtaining the laser digital adjustment parameters

through linear interpolation;

the obtaining a laser transmission optical power

value for reporting upward comprises:

obtaining the laser transmission power value for

reporting upward through linear interpolation.

4 . The method according to Claim 1, wherein the
relations between every preset analog transmission optical

power and the laser digital adjustment parameters are stored

'1n a table, which records the laser extinction ratio

adjustment signal, the laser cross point adjustment signal,
the laser optical power adjustment signal and the laser
optical wavelength trimming signal as functions of laser

transmission optical power, respectively.

5. The method according to Claim 4, wherein the laser

transmission optical power 1in the table has a range from

-3.0dBm to +3.0dBm with a 0.5dBm space.
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