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(57) ABSTRACT 

The present invention provides a method and apparatus for 
transmission of optical communications. The present inven 
tion provides an optical transmitter Which includes a control 
circuit to enhance the stability of output poWer levels, a 
modulator circuit With precise impedance matching for high 
frequency performance, and an optical coupling mechanism 
that relaxes the alignment tolerances betWeen the laser and 
the ?ber and decreases the sensitivity of the gain medium to 
feedback from devices coupled to the ?ber. These features 
alloW the transmitter to deliver an optical output beam Which 
can be modulated over a Wide range of frequencies, duty 
cycles and amplitudes With very precise de?nition of the 
rising and falling edges of the Waveform. In combination 
these features result in an optical transmitter that may be 
fabricated With relatively loW cost and a reduced form factor 
When compared With prior art optical transmitters. 

In an embodiment of the invention a semiconductor laser 
transmitter is disclosed. The semiconductor laser transmitter 
includes: a gain medium, an optical ?ber, and a re?ector. The 
gain medium generates an emission along a path. The optical 
?ber includes a tip portion located in the path to optically 
couple With the emission. A re?ector is located on the tip 
portion to limit an optical coupling ef?ciency of said gain 
medium With said optical ?ber. 

In an alternate embodiment of the invention a method for 
transmitting optical poWer is disclosed. 
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FIG. 2A 
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FIG. 2B 
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METHOD & APPARATUS FOR OPTICAL 
TRANSMISSION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims priority from Provisional 
Application Nos. 60/171,933, entitled “Method for Auto 
matic PoWer Control in Fiber-Coupled VCSEL Devices” 
?led on Dec. 22, 1999 (Attorney Docket #NFC1P022P); 
60/171,927, entitled “Double-Ring Contact for High-Speed 
Photo Diode” ?led on Dec. 22, 1999 (Attorney Docket 
#NFC1P023P); 60/174,038, entitled “Versatile Surface 
Mount Opto-electronic Package With High-Performance RF 
Interface” ?led on Dec. 30, 1999 (Attorney Docket 
#NFC1P024P). Each of the above-cited applications is 
incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention generally relates to optical commu 
nication systems and more particularly to an optical trans 
mitter. 

[0004] 2. Description of the Related Art 

[0005] The telecommunications netWork serving the 
United States and the rest of the World is presently evolving 
from analog to digital transmission With ever increasing 
bandWidth requirements. Fiber optic cable has proved to be 
a valuable tool, replacing copper cable in nearly every 
application from large trunks to subscriber distribution 
plants. Fiber optic cable is capable of carrying much more 
information than copper With loWer attenuation. 

[0006] The T-1 standards committee of ANSI has provided 
a draft document, “ANSI T1.105-1988”, dated Mar. 10, 
1988, Which sets forth speci?cations for rate and format of 
signals that are to be used in optical interfaces. The provided 
speci?cations detail the Synchronous Optical NetWork 
(SONET) standard. SONET de?nes a hierarchy of multi 
plexing levels and standard protocols Which alloW ef?cient 
use of the Wide bandWidth of ?ber optic cable, While 
providing a means to merge loWer level DSO and DS1 
signals into a common medium. In essence, SONET estab 
lished a uniform standardiZation transmission and signaling 
scheme, Which provided a synchronous transmission format 
that is compatible With all current and anticipated signal 
hierarchies. Because of the nature of ?ber optics, expansion 
of bandWidth is easily accomplished. 

[0007] Currently this expansion of bandWidth is being 
accomplished by What is knoWn as “Wavelength division 
multiplexing” (WDM), in Which separate subscriber/data 
sessions may be handled concurrently on a single optic ?ber 
by means of modulation of each of those subscriber datas 
treams on different portions of the light spectrum. WDM is 
therefore the optical equivalent of frequency division mul 
tiplexing (FDM). Current implementations of WDM involve 
as many as 128 semiconductor lasers each lasing at a speci?c 
center frequency Within the range of 1525-1575 nm. Each 
subscriber datastream is optically modulated onto the output 
beam of a corresponding semiconductor laser. The modu 
lated information from each of the semiconductor lasers is 
combined onto a single optic ?ber for transmission. As this 
digital signal is passed across a SONET netWork, it Will be 
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subject at various intervals to ampli?cation is by, for 
example, Erbium doped ampli?ers and dispersion compen 
sation by, for example, optical circulators With coupled 
Bragg ?lters. At each node in the netWork, e.g. central of?ce 
or remote terminal, optical transceivers mounted on ?ber 
line cards are provided. On the transmit side, a framer 
permits SONET framing, pointer generation and scrambling 
for transmission of data from a bank of lasers and associated 
drivers, With each laser radiating at a different Wavelength. 
On the receive side, the incoming signals are separated into 
channels detected by photodetectors, framed and decoded. 

[0008] As more and more optical signal equipment (trans 
mitting, receiving, ampli?cation, coherence and sWitching) 
is being designed and utiliZed, a need has arisen for short and 
intermediate range optical links to alloW high speed data 
transfers Within various components of a central of?ce. 
Currently such links require the same expensive circuits and 
lasers used in long-range optical links. What is needed is a 
short-and intermediate-range high data rate optical commu 
nication system that does not require the cost and complex 
ity of prior art devices and Which preferably can be achieved 
With a reduced form factor compared With prior art devices. 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a method and appa 
ratus for transmission of optical communications. The 
present invention provides an optical transmitter that 
includes a control circuit to enhance the stability of output 
poWer levels, a modulator circuit With precise impedance 
matching for high frequency performance, and an optical 
coupling mechanism that relaxes the alignment tolerances 
betWeen the laser and the ?ber, and reduces sensitivity of the 
gain medium to external optical feedback. These features 
alloW the transmitter to deliver an optical output beam that 
can be modulated over a Wide range of frequencies, duty 
cycles and amplitudes With very precise de?nition of the 
rising and falling edges of the Waveform. In combination 
these features result in an optical transmitter that may be 
fabricated With relatively loW cost and a reduced form factor 
When compared With prior art optical transmitters. 

[0010] In an embodiment of the invention a semiconductor 
laser transmitter is disclosed. The semiconductor laser trans 
mitter includes: a gain medium, an optical ?ber, and a 
re?ector. The gain medium generates an emission along a 
path. The optical ?ber includes a tip portion located in the 
path to optically couple With the emission. A re?ector is 
located on the tip portion to limit an optical coupling 
ef?ciency of said gain medium With said optical ?ber. 

[0011] In an alternate embodiment of the invention a 
method for transmitting optical signals is disclosed. The 
method includes the acts of: 

[0012] generating an optical emission along a path, 

[0013] coupling an optical ?ber With said optical 
emission along the path; 

[0014] re?ecting a portion of the optical emission 
aWay from the path; 

[0015] generating a difference signal corresponding 
to a difference betWeen a poWer level of the re?ected 
portion of the optical emission and a reference poWer 
level; and 
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[0016] varying a power level of the optical emission 
generated in said ?rst act of generating to correspond 
With the difference signal generated in said second 
act of generating to control the poWer level of the 
optical emission. 

[0017] Other aspects and advantages of the invention Will 
become apparent from the folloWing detailed description, 
taken in conjunction With the accompanying draWings, 
illustrating by Way of example the principles of the inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] The present invention Will be readily understood by 
the folloWing detailed description in conjunction With the 
accompanying draWings, Wherein like reference numerals 
designate like structural elements, and in Which: 

[0019] FIG. 1 shoWs a system diagram of an optical 
netWork including an embodiment of an optical transmitter 
and receiver in accordance With the current invention. 

[0020] FIG. 2A shoWs an isometric side assembly vieW of 
the optical transmitter shoWn in FIG. 1. 

[0021] FIG. 2B shoWs an exploded side isometric assem 
bly vieW of the optical transmitter shoWn in FIG. 2A. 

[0022] FIG. 2C shoWs a detailed top vieW of the compo 
nent layout Within the transmitter package shoWn in FIGS. 
2A-B. 

[0023] FIG. 2D is a cross-sectional elevation shoWing 
details of the interior of the transmitter package. 

[0024] FIG. 2E is an exploded cross-sectional vieW of the 
coupling betWeen the semiconductor laser and the tip of the 
optic ?ber. 

[0025] FIG. 3A shoWs an exploded side isometric assem 
bly vieW of the optical receiver shoWn in FIG. 1. 

[0026] FIG. 3B shoWs a detailed top vieW of the compo 
nent layout Within the receiver package shoWn in FIG. 3A. 

[0027] FIG. 3C is a cross-sectional elevation shoWing 
details of the high speed photodetector in accordance With 
an embodiment of the current invention. 

[0028] FIG. 3D is a top vieW of the high-speed photode 
tector shoWn in FIG. 3C. 

[0029] FIG. 3E is a top vieW of the lift-off layer from 
Which the upper tWin concentric electrodes of the high-speed 
photodetector are de?ned. 

[0030] FIG. 3F is a cross-sectional side vieW of the mask 
and lift-off layers from Which the upper electrodes of the 
high-speed photodetector is formed. 

[0031] FIG. 4A is a detailed vieW of the upper conductive 
patterned layer of the package base for housing the trans 
mitter, receiver, or other optical components. 

[0032] FIG. 4B is a detailed vieW of the intermediate 
dielectric layer of the package base. 

[0033] FIG. 4C is a detailed vieW of the loWer conductive 
patterned layer of the package base. 

[0034] FIG. 4D is a detailed vieW of the pin and lead 
frame layer of the package base. 
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[0035] FIG. 4E is an assembly vieW of the combined 
layers shoWn in FIGS. 4A-D. 

[0036] FIG. 5 is a circuit diagram of an embodiment of the 
transmitter driver shoWn in FIG. 2C. 

[0037] FIG. 6 is a circuit diagram of an embodiment of the 
receiver circuit shoWn in FIG. 3B. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0038] The present invention provides an optical transmit 
ter and receiver combination for short and intermediate 
range information transfer at high data rates. A novel pack 
age With radio frequency (RF) shielding for high speed 
opto-electronic elements is disclosed. This alloWs the trans 
mitter, receiver, or other opto-electronic components to be 
placed in close proximity With other electronic components 
Without signi?cant RF interference. The transmitter includes 
a control circuit to enhance the stability of output poWer 
levels, a modulator circuit With precise impedance matching 
for high frequency performance, and an optical coupling 
mechanism that reduces the effect of optical feedback 
betWeen the laser and devices coupled to the ?ber. These 
features alloW the transmitter to deliver an optical output 
beam Which can be modulated over a Wide range of fre 
quencies (1 MhZ-40 GHZ), duty cycles and amplitudes With 
very precise de?nition of the rising and falling edges of the 
Waveform. The receiver includes a high-speed photodetector 
designed to operate in the gigahertZ range (1 MhZ-40 GHZ) 
as Well. In combination these features result in an optical 
transmitter that may be fabricated With relatively loW cost 
and a reduced form factor When compared With prior art 
optical transmitters. Both the receiver and transmitter can be 
utiliZed in a range of signal formats and netWorks including 
but not limited to: Ethernet, Fibrechannel, Sonet. 

[0039] FIG. 1 shoWs an optical transmitter 140 and 
receiver 170 coupling various components Which are part of 
an optical netWork 100. With the implementation of the 
Synchronous Optical NetWork (SONET), communication 
carriers throughout the World can interconnect their existing 
digital carrier and ?ber optic systems. A central of?ce/ 
sWitching center 98 With a plurality of racks 102, 112 are 
shoWn coupled to the optical netWork. Datastreams on the 
netWork are typically multiplexed using Wavelength division 
multiplexing (WDM) in different portions of the optical 
spectrum. At the central office on racks 102 and 112, the line 
cards 108-110, 118-120 and multiplexer and demultiplexers 
104-106, 114-116 respectively handle the transmission and 
reception of datastreams. Within a central of?ce (CO), or in 
an embodiment of the invention betWeen buildings of a CO, 
it Will be advantageous to have inexpensive optical means 
for coupling various components Which operate at high data 
rates eg 10 Gbit/s. Transmitter 140 is shoWn mounted on 
line card 122 at rack 102 While receiver 124 is shoWn 
mounted on a line card at rack 112. This transmitter and 
receiver can be utiliZed to provide short and intermediate 
range optical links betWeen the equipment Within the CO 
and speci?cally such components as optical multiplexers 
and demultiplexers, and routers. They are inexpensive to 
fabricate and have data transfer rates in the gigahertZ range 
thus making them suitable for a broad range of applications. 
The use of an optical link betWeen system components 
potentially avoids the problems associated With electrical 
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coupling of such components, eg RF interference resulting 
from induction betWeen the RF link (antenna or electrical 
cable) and other components in the system. Ahigh frequency 
optical transmitter and receiver are shoWn that accomplishes 
this result. 

[0040] Line card 122 may include a plurality of PC boards, 
including PC board 130. On PC board 130 are mounted a 
plurality of electronic components 136-138 and the optical 
transmitter 140. The PC board includes the interfaces 132 
134 for bridging to adjacent boards or the backplane. In the 
embodiment shoWn component 138 includes a multiplexer 
for converting several loW speed electrical signals from 
either of interfaces 132-134 to a single high speed signal 
Which can be optically transmitted by transmitter 140. 
Through either of these interfaces the transmitter may be 
linked to a router, multiplexer, demultiplexer or other high 
speed electrical/optical component Within CO 98. The opti 
cal transmitter 140 is coupled via a ferrule 144 to an optical 
?ber 150 Which links the transmitter to the receiver 170. The 
receiver is shoWn mounted on a PC board 160. That PC 
board also includes electronic components 166-168, as Well 
as interfaces 162-164. The PC board is shoWn as part of line 
card 124. In the embodiment shoWn component 168 
includes a demultiplexer for converting the high speed serial 
data stream to multiple parallel loWer bit rate electrical 
signals Which can then be passed via either interface 162 
164 directly or across the backplane to a router, multiplexer, 
demultiplexer, or other high speed electrical/optical compo 
nents. 

[0041] FIG. 2A is an isometric side vieW of the transmitter 
package 140. The ?ber optic 150, ferrule 144, lid 210, 
sideWall 220 and base 224 are shoWn. The sideWalls include 
base portion 222. The base includes pin connectors generally 
290. Speci?c pins 236-242 are shoWn. Pins 236, 242 provide 
connection to a ground plane Which is part of base 224 (see 
FIGS. 4A-E). Pins 238-240 provide negative and positive 
differential inputs respectively through the base to driver 
circuits (not shoWn) Within the transmitter package. Fiber 
optic 150 is joined to the ferrule 144 using any one of a 
number of techniques Well knoWn to those skilled in the art 
including: soldering, sintering, compaction of glass frit, 
bonding With a suitable polymer, etc. In an embodiment of 
the invention, the various components of the transmitter 
package, e.g. ferrule 144, lid 210 and sideWalls 220 are 
fabricated from an electrically conductive material thus 
providing shielding of the RF circuitry Within the transmitter 
package. In the embodiment of the invention shoWn in FIG. 
2A the ?ber and ferrule enter the package through the lid. In 
an alternate embodiment of the invention the ?ber and 
ferrule may be introduced into the package through an 
opening de?ned in one of the sideWalls 220 or the base 224. 
In still another embodiment of the invention the ferrule is 
formed as an integral part of either the lid or the sideWall and 
the ?ber is in turn joined With the ferrule. 

[0042] FIG. 2B is an exploded isometric side vieW of the 
transmitter shoWn in FIG. 2A. The ?ber tip 200 is shoWn 
protruding from the proximal end of the ferrule 144. The lid 
210 de?nes Within a rim portion 212 thereof, an opening 
through Which the ferrule and ?ber is inserted. The tip is 
positioned proximate a semiconductor laser positioned 
Within the package (see FIGS. 2C-E). A gain medium, e.g. 
semiconductor laser 254, is mounted on the upper surface of 
base 224 along With other components such as monitor 
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photodetector 252 and transmitter driver circuitry 250. In an 
embodiment of the invention the gain medium comprises a 
vertical cavity surface emitting laser (VCSEL). In an alter 
nate embodiment of the invention the gain medium com 
prises a conventional slab laser diode Which may mounted 
on a ceramic submount. In an alternate embodiment of the 
invention the gain medium comprises an external cavity 
diode laser (ECDL). 

[0043] FIG. 2C is a detailed layout of the components and 
connections associated With the transmitter and Which are 
contained Within sideWalls 220. Bar capacitors 258-260, 
transmitter driver 250, gain medium 254, resistor 256, and 
monitor photo detector 252 are shoWn. In addition to the 
ground plane pins 236,242 and the differential input pins 
238-240 discussed above, pins 230-234 and pins 244-248 
are shoWn. All pins provide input/output connections to 
components Within the package. Pins 230-234, 244-248 each 
couple to a corresponding one of pads 270-280. Each of 
these pads in turn is electrically coupled via a corresponding 
capacitor on either of bar capacitors 258-260 to a corre 
sponding input on one of the electrical components Within 
the housing. Differential input pins 238-240 couples via 
differential pads 262 to the transmitter driver 250. The 
transmitter driver 250 provides drive and modulation current 
to the gain medium, e.g. laser 254, and accepts closed loop 
feedback via resistor 256 from monitor photo detector 252. 
In an embodiment of the invention shoWn in FIG. 5, the 
transmitter line driver includes a differential ampli?er the 
inputs of Which couple With the differential pads and the 
output of Which couples to the gain medium. The ability to 
drive the laser With differential input signal avoids the prior 
art requirement for bulky coaxial connections to shield a 
single drive signal delivered through the package to the 
transmitter. The electro magnetic (EM) ?elds generated by 
each of the differential signals injected onto the adjacent 
differential connections tend to cancel one another. By 
properly dimensioning the differential inputs a controlled 
impedance input With a limited amount of electro-magnetic 
radiation can be designed. 

[0044] FIGS. 2D-E are cross-sectional side elevation 
vieWs of the interior of the package. Details of the optical 
coupling betWeen the ?ber optic 150 and the semiconductor 
laser 254 are shoWn. FIG. 2E provides a more detailed vieW 
of the coupling betWeen the ?ber tip 200 and the laser 254. 

[0045] Ferrule 144 is inserted through an opening de?ned 
in the lid 210 to a location proximate to and Within the output 
beam 292 formed by laser 254. The ferrule is then joined 
With the lid. Joining methods include soldering, braZing, 
Welding, polymer adhesive, etc. The lid is also joined to the 
sideWalls utiliZing one or more of the above mentioned 
joining methods. The ground plane portion of the base 224 
is also joined to the sideWalls 220 utiliZing one or more of 
the above mentioned joining methods. In an embodiment of 
the invention Where each of the ferrule, lid, sideWalls, and 
ground plane include electrically conductive materials, an 
RF shield is thus constructed around the electrical compo 
nents Within the package. 

[0046] The tip 200 is pro?led to de?ne a lens that colli 
mates and/or collects the laser output 292 into output beam 
296 Within the ?ber core 150. In an embodiment of the 
invention the lens includes at least one of: a convex lens, a 

conical lens, a parabolic lens, a hyperbolic lens, a ball lens, 
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and a graded index of refraction lens (GRIN). In an embodi 
ment of the invention the ?ber optic is a multimode ?ber. 
This ?ber has an optically transmissive core that is substan 
tially greater in diameter than a single mode ?ber thus 
relaxing the alignment tolerances betWeen the laser and 
?ber. In an alternate embodiment of the invention a single 
mode ?ber is utiliZed With the result that alignment toler 
ances betWeen the laser and ?ber are more stringent. A 
partially re?ective layer 294 is af?xed to the tip of the ?ber. 
The material from Which this layer is fabricated may 
include: gold, silver, titanium, and a stack of several dielec 
tric layers. This re?ective layer has a number of advantages. 
First, it serves to decouple a portion of the energy from the 
laser to limit the energy intensity Within the optical ?ber to 
an acceptable range. Second, the partially re?ective layer in 
combination With the geometry of the tip, Which is generally 
aligned at an angle(s) to the laser output beam, reduces 
spurious re?ections or feedback from either the ?ber or tip 
to the laser. This improves the stability and de?nition of the 
output beam 292 generated by the laser. Thirdly, the re?ec 
tive layer re?ects a portion of the laser output beam 292 
around the interior of the cavity, e.g. sideWalls, lid, and base, 
until it strikes the monitor photodetector 252. In an embodi 
ment of the invention the interior surfaces of the cavity 
includes a highly re?ective material such as gold or silver. 
This photo detector provides input to the closed loop feed 
back circuit (see FIG. 5) for controlling the output poWer of 
the gain medium, e.g. laser. The various components Within 
the package cavity are coupled to the PC board via base 224, 
and pins 290. The base includes an electrically insulating 
layer 286 sandWiched betWeen upper and loWer electrically 
conductive patterned layers 284, 288. Vias 414 connect the 
corresponding pad and ground plane patterns on the upper 
and loWer electrically conductive patterned layers (See 
FIGS. 4A-E). This base serves an important role in the 
overall design of the package and the high frequency com 
ponents it contains. The base design alloWs a controlled 
impedance input connection betWeen the board 130 and the 
components. The base provides a ground plane Which in 
combination With the sideWalls, lid and ferrule, creates an 
electrical shield around the RF components Within the 
package. Prior art housings With substantially dielectric 
housings lack this shielding, and thus can not be placed in 
close proximity to other components on the board or an 
opening in the chassis, since to do so Would result in 
unWanted RF coupling and interference. 

[0047] FIG. 3A is an exploded isometric side vieW of the 
receiver package 170 shoWn in FIG. 1. With the exception 
of the components contained in the package 170 and the lack 
of a re?ective coating on the tip 300 of the ?ber optic 150, 
the package is substantially similar to that shoWn in FIG. 
3A. The ?ber tip 300 is shoWn protruding from the proximal 
end of the ferrule 174. The lid 310 de?nes Within a rim 
portion 312 thereof, an opening through Which the ferrule 
and ?ber is inserted. The tip is positioned proximate a high 
speed photodetector 352 positioned Within the package (see 
FIGS. 3B-F). The assembly of this package is similar in 
technique to that discussed above With respect to the trans 
mitter With the ferrule, lid, sideWalls and base joined to one 
another to form an RF shield around the high frequency 
electrical and optical components Within the package. 

[0048] The high speed photodetector is mounted on the 
upper surface of base 324 along With other components such 
as a receiver ampli?er circuitry 350. Pin connections 338 
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340 provide controlled impedance differential outputs for 
the signals received by the photodetector. Pins 336-342 
provide connections to the ground plane. 

[0049] FIG. 3B is a detailed layout of the components and 
connections associated With the receiver and Which are 
contained Within sideWalls 320. Those components include 
bar capacitors 358-360, high speed photodiode 352, resistor 
356, and receive circuitry 350. The base includes pin con 
nectors generally 398. In addition to the ground plane pins 
336,342 and the differential input pins 338-340 discussed 
above, pins 330-334 and pins 344-348 are shoWn. All pins 
provide connection to components Within the package. Pins 
330-334, 344-348 each couple to a corresponding one of 
pads 364-374. Each of these pads in turn is electrically 
coupled via a corresponding capacitor on either of bar 
capacitors 358-360 to a corresponding input/output on one 
of the electrical components Within the housing. Differential 
input pins 338-340 couple via differential pads 362 to the 
receiver ampli?er circuitry 350. This circuitry may provide 
?ltering and pre-processing of the signals generated by the 
high speed photodetector responsive to incident radiation 
from the ?ber optic 150. 

[0050] In an embodiment of the invention shoWn in FIG. 
6, the receiver ampli?er circuitry 350 includes a differential 
ampli?er the outputs of Which couple With the differential 
pads and the input of Which couples to the high speed 
photodetector. The ability to convert the output of the 
photodetector to a differential output signal Within the 
package and to pass that differential signal via differential 
pads and pins to the outside World, avoids the prior art 
requirement for bulky coaxial connections to shield, and 
deliver With high ?delity, a single receiver signal from the 
package. The electro-magnetic (EM) ?elds generated by 
each of the differential signals injected onto the adjacent 
differential connections tend to cancel one another. By 
properly dimensioning the differential outputs a controlled 
impedance output With a limited amount of electro-magnetic 
radiation can be designed. 

[0051] FIGS. 3C-F shoWs greater details of the high speed 
photodetector 352. The detector is of a PIN type With a loWer 
electrode 378 and a pair of concentric open rings 384-386 
that form the top electrode. This detector has several advan 
tages over prior art designs of either a metal semiconductor 
metal (MSM) or a positive, intrinsic, negative implanted 
semiconductor (PIN) type. In contrast to an MSM type this 
design has a minimal electrode geometry in the path of the 
incident radiation, thus improving photodetector ef?ciency. 
In contrast to prior art PIN designs, Which may de?ne one 
perimeter ring electrode, this photodetector achieves a 
higher frequency response by means of a second ring 
concentric With the outer ring. Either or both of these rings 
may be opaque or partially transparent. The additional ring 
substantially reduces the resistance of the electrical contact 
to the P-type semiconductor layer, thus substantially reduc 
ing the electrical RC time constant of the photo detector. 
Additionally, both rings have a geometry that includes a gap 
to alloW lift-off of the entire portion of the layer comple 
mentary to that of the electrodes in one step (See FIGS. 
3E-F). This latter feature greatly simpli?es fabrication of the 
device and improves yield, by reducing the uncertainties 
associated With the extra removal required by prior art 
designs of the disk formed Within prior art ring electrodes. 
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[0052] FIGS. 3C-D are cross-sectional elevation and top 
views respectively of various details of the high speed 
photodetector 352. The various semiconductor layers, i.e. 
“n” doped layer 376, intrinsic layer 380, and “p” doped layer 
382 are shoWn. The eXterior upper broken-ring electrode 384 
and the interior upper broken-ring electrode 386 are shoWn 
on the surface of the “p” doped layer. Electrical connection 
With these broken-rings is provided by an arm portion 388 
of the upper electrode. Both rings are discontinuous being 
separated in the embodiment shoWn by a gap 390. The loWer 
electrode 378 provides electrical contact With the “n” doped 
layer 376. 
[0053] FIG. 3E is a top vieW of the lift-off layer from 
Which the upper concentric broken ring electrodes are 
de?ned. FIG. 3F is a cross-sectional side vieW of the mask 
and lift-off layers from Which the upper broken ring elec 
trodes of the high speed photodetector are formed. The 
lift-off layer 392 from Which the upper electrodes are formed 
may be fabricated from a range of electrically conductive 
materials, including gold and silver. Where conductivity and 
transparency is desired, the lift-off layer may be fabricated 
from a range of materials including: indium tin oxide. The 
mask layer 394 is used to de?ne the lift-off. The gap 390 
de?ned by the broken-rings alloWs portions of the lift-off 
layer betWeen the broken rings and inside the interior ring to 
be lifted off as a single piece. This greatly reduces fabrica 
tion time, and improves yield by alloWing a less aggressive 
lift-off process to be utiliZed. 

[0054] FIGS. 4A-E provide detailed vieWs of the multi 
layer base of the transmitter or receiver packages described 
above in connection With FIGS. 2-3. FIG. 4A is a detailed 
vieW of the upper conductive patterned layer 402 of the 
package base for housing the transmitter, receiver, or other 
optical components. The upper layer includes a ground plane 
pattern 402, pads 370-380 and differential pads 362. Each 
pad is electrically isolated from the ground plane by a 
surrounding void or moat of non-plated area. 

[0055] FIG. 4B is a detailed vieW of the intermediate 
dielectric layer 412 of the package base. This layer includes 
a plurality of electrically conductive vias 414 for electrically 
coupling corresponding portions of the ground plane and 
pads of the upper patterned layer shoWn in FIG. 4A and the 
loWer patterned layer shoWn in the folloWing FIG. 4C. 
[0056] FIG. 4C is a detailed vieW of the loWer conductive 
patterned layer of the package base. This layer includes a 
ground plane pattern 422, 436, 442; pin pads 430-434, 
444-448, and differential pin pads 438-440. Each pad is 
isolated from the ground plane by a surrounding void or 
moat of non-plated area that electrically isolates the pads 
from the ground plane. Vias in the dielectric layer couple the 
pin pads and differential pads on the loWer layer to the pads 
and differential pads on the upper layer. Vias also couple 
various portions of the upper and loWer ground planes. 
[0057] FIG. 4D is a detailed vieW of the pin and lead 
frame layer of the package base. This layer forms a protec 
tive covering on the loWer layer and also provides pin 
connections With the loWer layer. Each of pins 330-348 is 
electrically coupled to a corresponding one of the pin and 
differential pads 430-448 on the loWer conductive patterned 
layer shoWn in FIG. 4C. Lead frame 452 covers the ground 
plane on the loWer layer. 

[0058] FIG. 4E is an assembly vieW of the combined 
layers shoWn in FIGS. 4A-D. 
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[0059] The receiver and transmitter have to this point been 
set forth as separately packaged. In an alternate embodiment 
of the invention those components can be housed in a single 
package, With an optical input and output provided by a 
single dupleXed ?ber optic connection to the outside World 
or by tWo ?bers each operating in simpleX mode, one 
coupled to the transmitter and one coupled With the receiver. 
In the latter embodiment the tWo ?bers may be contained in 
one ferrule. 

[0060] The package design set forth in FIGS. 3-4 has 
maintained the lid and sideWalls as distinct elements. In an 
alternate embodiment of the invention these components 
may be combined into a single cover piece. The cover may 
include an optical coupling such as an optical ?ber(s). 
Alternately, the package may contain a high frequency 
electrical component With no optical interface. 

[0061] FIG. 5 is a circuit diagram of an embodiment of the 
transmitter driver 250 shoWn in FIG. 2C. The driver 
includes a DC or carrier portion 500 and a modulator portion 
502. The circuitry in the driver portion maintains a con 
trolled DC poWer level for the semiconductor laser 254. The 
modulator provides the digital or analog modulation of the 
output beam. In the embodiment shoWn the carrier portion 
uses a novel control geometry Which employs a current 
mirror to provide a ?Xed current to the output 522 to Which 
both the monitor photodetector 252 as Well as the semicon 
ductor laser 254 are coupled. The current mirror is formed 
from the cross-coupled transistor pair 512-522. These tran 
sistors may be selected from a range of transistor types 
including but not limited to bipolar junction transistors and 
?eld effect transistors. The control gates/base of each tran 
sistor is coupled to that of the other. The input to both 
transistors is delivered from a source Vcc through resistors 
514, 524. The output of transistor 512 is coupled through a 
setpoint resistor 510 to an electrical sink With a voltage Vreg. 
The output of transistor 512 is also coupled to the control 
gate/base of both transistor 522 and 512. The output of 
transistor 522 is coupled to both the monitor photodiode as 
Well as the semiconductor laser. The current to the laser 562, 
ie the drive signal, varies inversely With the current 560 
draWn by the photodetector. Thus, as the photodetector 
draWs more current from the output, indicating greater than 
desired laser output, less is made available to drive the 
semiconductor laser. As the photodetector draWs less current 
from the output, indicating a less than desired laser output 
poWer, more is made available to the semiconductor laser. 
An ampli?er 526 may be utiliZed to level shift the difference 
betWeen the output current from the current mirror and the 
current draWn by the photodetector. This level shifted cur 
rent then drives the gain medium, e.g. semiconductor laser, 
setting the DC poWer level of the emissions generated by the 
laser. To remove the effect of the high frequency modulation 
of the output beam on the DC driver circuit, either the 
monitor photodetector or the ampli?er 526 may include a 
loW pass ?lter. An isolation resistor 528 may be coupled 
betWeen the output of the ampli?er and the input to the 
semiconductor laser. 

[0062] The modulator circuit 502 includes a differential 
ampli?er 530. The differential ampli?er has differential 
inputs 238-240 that accept as input an information signal 
expressed as the difference betWeen the signals on inputs 
238-240 and outputs an output signal 564 corresponding to 
the information signal. This output signal is modulated With 
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the drive signal to insert the information signal on the output 
emissions from the gain medium, e.g. laser 254. 

[0063] FIG. 6 is a circuit diagram of an embodiment of the 
receiver ampli?er circuit 350 shoWn in FIG. 3B. That circuit 
converts the signal supplied by the high speed photodiode to 
a differential signal for output on differential signal lines 
338-340. That circuit also removes any loW-frequency com 
ponent of the differential signal. This is accomplished by use 
of a closed loop feedback of the loW frequency component 
of the differential output incorporating a loW-pass ?lter. The 
receiver ampli?er includes: differential ampli?er(s) 600, 
feedback differential ampli?er 602, loW pass ?lter 604 and 
resistor 606. Each differential ampli?er has both differential 
inputs and differential outputs. One input of differential 
ampli?er 600 is coupled to a reference voltage. In the 
embodiment shoWn that voltage, Vre?is a constant voltage, 
e.g. —0.8 volts. The other input of the differential ampli?er 
600 is coupled at node 620 to both the high speed photo 
detector 352 (See FIGS. 3A-D) and via resistor 606 to the 
output of the loW pass ?lter 604 Which is part of the feedback 
circuit. The differential outputs of the differential ampli?er 
600 are coupled both to differential signal lines 338-340 and 
to either of the inputs to the feedback differential ampli?er 
602. One of the differential outputs of the feedback differ 
ential ampli?er is coupled to the input of the loW pass ?lter 
604. In operation the feedback circuit constantly seeks to 
remove any loW frequency component of the differential 
output of differential ampli?er 600. It does this by draWing 
the DC level (i.e. loW frequency component) of node 620 
toWard a match condition With that of the other differential 
input, i.e. Vref. By contrast, any high frequency components 
of the photodetector signal (i.e. the data modulated on the 
optical signal) are not signi?cantly affected by the feedback 
circuit since they are removed by the loW pass ?lter 604. 
Thus the modulation on the differential outputs 338-340 
corresponds With the data transmitted. This is passed via 
differential pins 338-340 (See FIGS. 3A-B) to processors, 
routers and/or demultipleXers for further processing. In an 
alternate embodiment of the invention there may be multiple 
stages of differential ampli?ers With gain control coupled to 
the output of differential ampli?er 600 to add further gain to 
the differential data signal. 

[0064] The many features and advantages of the present 
invention are apparent from the Written description, and 
thus, it is intended by the appended claims to cover all such 
features and advantages of the invention. Further, since 
numerous modi?cations and changes Will readily occur to 
those skilled in the art, it is not desired to limit the invention 
to the eXact construction and operation as illustrated and 
described. Hence, all suitable modi?cations and equivalents 
may be resorted to as falling Within the scope of the 
invention. 

What is claimed is: 
1. A semiconductor laser transmitter comprising: 

a gain medium for generating an emission along a path; 

an optical ?ber With a tip portion located in the path to 
optically couple With the emission; 

a re?ector on the tip portion to limit an optical coupling 
ef?ciency of said gain medium With said optical ?ber. 
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2. The semiconductor laser transmitter of claim 1, 
Wherein said gain medium comprises at least one of: a 
vertical cavity surface emitting laser, a diode laser and an 
external cavity laser. 

3. The semiconductor laser transmitter of claim 1, 
Wherein said optical ?ber comprises one of: a single mode 
?ber and a multi-mode ?ber. 

4. The semiconductor laser transmitter of claim 1, 
Wherein the re?ector further reduces a feedback of optical 
energy from said optical ?ber to said gain medium. 

5. The semiconductor laser transmitter of claim 1, 
Wherein said re?ector includes a material layer coupled With 
the tip portion. 

6. The semiconductor laser transmitter of claim 5, 
Wherein said material layer comprises at least one of: 
titanium, platinum, gold and silver. 

7. The semiconductor laser transmitter of claim 1, 
Wherein the tip portion of said optical ?ber further de?nes an 
optical lens for collimating the emission along said optical 
?ber. 

8. The semiconductor laser transmitter of claim 7, 
Wherein the optical lens de?ned by the tip portion includes 
at least one of: a conveX lens, a conical lens, a parabolic lens, 
a hyperbolic lens, a ball lens and a graded indeX of refraction 
lens. 

9. The semiconductor laser transmitter of claim 1, further 
comprising: 

a poWer control system electrically coupled to said gain 
medium and optically coupled With at least a portion of 
the emission re?ected from said re?ector to provide 
feedback for control of a poWer level of said gain 
medium. 

10. The semiconductor laser transmitter of claim 1, 
Wherein said poWer control system further comprises: 

a photo detector responsive to emissions re?ected from 
said re?ector to generate a current. 

11. The semiconductor laser transmitter of claim 10, 
Wherein said poWer control system further comprises: 

a current mirror delivering a ?Xed current to an output 
coupled to both said photo detector and to said gain 
medium to vary a poWer level of said gain medium 
inversely in relationship With the current generated by 
said photo detector to control an output poWer level of 
said gain medium. 

12. The semiconductor laser transmitter of claim 1, fur 
ther comprising: 

a differential driver With a positive input, a negative input 
and an output and the output coupled to the gain 
medium, and the positive input and the negative input 
responsive to a differential information signal coupled 
thereto to vary a level of the emissions of the gain 
medium to correspond With said differential informa 
tion signal. 

13. A method for transmitting optical signals, and the 
method comprising the acts of: 

generating an optical emission along a path; 

coupling an optical ?ber With said optical emission along 
the path; 
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re?ecting a portion of the optical emission away from the 
path; 

generating an difference signal corresponding to a differ 
ence betWeen a poWer level of the re?ected portion of 
the optical emission and a reference poWer level; and 

varying a poWer level of the optical emission generated in 
said ?rst act of generating to correspond With said 
difference signal generated in said second act of gen 
erating to control the poWer level of the optical ernis 
s1on. 
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14. The method for transmitting of claim 13, further 
comprising the acts of: 

accepting a pair of signal inputs a difference of Which 
corresponds to an information signal; 

differencing said pair of signal inputs to obtain an output 
signal corresponding to said information signal; 

modulating the poWer level of the optical emission to 
correspond With said output signal. 

* * * * * 


