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ON CHIP CMOS OPTICAL ELEMENT 

BACKGROUND 

Optical technology allows high speed Wireless commu 
nication. Optical signals can be carried at very high band 
With and loW noise. Such signals can also travel for much 
longer distances, eg on the order of kilometers. Many 
optical receivers are used to receive signals that have been 
sent over tens of kilometers. Since the signal is received in 
optical form, there are also feWer problems With ground 
loops, cross talk and noise. 

Photoreceptors for optical signals are often formed in 
non-standard substrates such as InP or GaAs to obtain the 
high sensitivity that is necessary for receiving optical signals 
that have traveled over the long distances. These substrates 
are often incompatible With the CMOS substrates used for 
many other IC processes, eg microprocessors. 

Optical transmitters similarly have been formed in non 
standard substrate types and materials. In addition, optical 
transmitters often require substantial poWer to be generated 
on the optical chip, eg to generate the light for transmis 
sion. 

Some optical transmitter con?gurations form a semicon 
ductor laser on the chip. HoWever, these systems are also 
relatively difficult to reliably manufacture. 

The high bandWidth capability of optical signals alloWs 
the medium to carry much information. 

Modern processors require high data input and output. 
Typical connections to a processor are made in parallel to 
provide the required throughput. This requires large num 
bers of connection pins. For example, a 128-bit processor 
may use 128 input lines for the data input. As processors 
become more poWerful, it becomes increasingly difficult to 
provide enough pins to alloW the desired connections. 

The high bandWidth of optical technology could alloW 
serial communication at much higher speed over feWer lines. 
This could reduce the pin count. HoWever, the non-standard 
semiconductor technology has made this an unattractive 
option. 
Modern chip fabrication is often done in CMOS. If a 

different kind of fabrication technology is used for the 
optical sensor or transmitter, that optical sensor or transmit 
ter is preferably formed on a totally separate substrate from 
the CMOS sensor. 

The poWer consumption of the optical transmitters makes 
it even more unattractive, since processors already have 
extreme poWer consumption and cooling requirements. Add 
ing additional poWer consumption is undesirable. 

SUMMARY OF THE INVENTION 

The present system describes CMOS compatible optical 
devices on chip With CMOS circuits, preferably CMOS 
microprocessors. 

The circuit is formed With an silicon substrate With a 
CMOS circuit using a charge coupled device formed in the 
substrate, using a logic family that is compatible With 
CMOS. The optical receiver has an input connected to 
receive a serial stream of optical information. The output of 
the optical receiver is connected to the circuit. This optical 
receiver hence forms the input for the circuit. 

In an alternate system, an optical transmitter is formed in 
the substrate, from a logic family that is compatible With 
CMOS. 

The optical transmitter has an input that is connected to 
receive output from the microprocessor. It has an output that 
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2 
modulates a light source, from an external source, according 
to the output from the microprocessor. This optical receiver 
hence forms the output for the microprocessor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects Will noW be described With 
respect to the accompanying draWings, in Which: 

FIG. 1 shoWs a diagram of a CMOS microprocessor With 
an on-chip optical receiver formed from a special CCD 
device; 

FIG. 2 shoWs a diagram of a CMOS processor on chip 
With an optical transmitter; 

FIG. 3 shoWs a CMOS processor With both optical 
transmitter and optical receiver, both on chip; and 

FIG. 4 shoWs a multiple processor system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present disclosure describes techniques of using 
CMOS and CMOS-compatible fabrication techniques to 
form an optical device, e.g., an optical transmitter and/or an 
optical receiver, on a substrate along With associated CMOS 
circuitry, e.g., a processor, Which can be a microprocessor 
such as a digital signal processor or DSP. The processor 
receives and transmits information using the on-chip optical 
devices. For example, the optical receiver is formed on the 
same substrate With the microprocessor. The incoming data 
to the processor, e.g., from the hard disk, BIOS and U0 is 
input to the microprocessor via the on chip optical receiver. 
The optical transmitter is also preferably formed on the 

same substrate With the processor to carry the processor 
output. 

In a preferred mode, all microprocessor U0 is via single 
channel serial communication, using a single, high speed 
line for each of input and output. 
A ?rst embodiment is shoWn in FIG. 1. A single silicon 

substrate 100 is shoWn With a processor portion 102 that is 
formed With CMOS circuitry. A light sensor portion 103 is 
formed using a formation process compatible With CMOS, 
e.g., CMOS, NMOS, PMOS, or general MOS, or any feature 
compatible With any of PMOS, NMOS, or CMOS. The 
electrical output of the CMOS light sensor is coupled to the 
processor 102. In operation, the CMOS light sensor pro 
duces a signal indicative of incoming light. The signal 
indicative of incoming light is an electrical signal Which is 
coupled to the processor 102. Processor 102 accepts its input 
via the optical signal, and takes some action based on the 
electrical signal applied thereto. 
The present system is preferably used in communication 

in personal computing. Such communication typically sends 
light for much shorter distances than the distances Which are 
typical for communication. Communication devices, for 
example, may require the light to travel tens of kilometers. 
In personal computing, a feW inches to 100 meters is a more 
typical value. Since the light travels smaller distances, 
less-sensitive optical receivers can be used. 

According to the present system, a charge-coupled device 
or “CCD” is used. The CCD is inherently light sensitive. 
Charge coupled devices have typically been used as a 
register for charge. The charge is acquired by a photosen 
sitive device Which converts incoming light photons to 
charge. Typical such photosensitive devices include a pho 
todiode or a photogate. The charge is stored by the CCD. 
A typical use of a CCD is shoWn in US. Pat. No. 

4,479,139. An incoming photon is converted to charge by a 
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photodiode and stored in the CCD. CCD’s are often made 
using CMOS processes, as described for example in US. 
Pat. No. 4,642,877. 
A special CCD is used as a short haul communications 

photoreceptor. The CCD is placed on the substrate With 
CMOS circuitry, eg a processor, that carries out some 
action based on the content of the incoming light signal. This 
con?guration has a number of advantages. CCD technology 
is already Well-developed for applications such as video 
capture. CCDs are also inherently loW noise devices. In 
addition, CCDs inherently operate serially Which is the 
preferred mode for this operation. 

In the preferred mode, the optical device is aligned to the 
underlying board 90 using a ball grid array technique. These 
techniques are Well knoWn in the art. A number of balls With 
solder are provided. When heated, the solder melts, and its 
surface tension forces the component into proper registra 
tion. 

Hence, ball grid array technology can be used to align the 
optical interfaces betWeen chip and board. The detailed 
structure of the CCD light receiver is shoWn in FIG. 1. 
Incoming light 99 is received either as laser light, or some 
other collimated light, or from a ?ber. The incoming light 99 
is coupled to a microlens 101 formed on the top surface of 
silicon substrate 100. The incoming light is coupled to the 
light sensor portion 103 Which is shoWn including a silicon 
nitride layer and a silica layer. The CMOS CCD is 
photosensitive, and hence produces an output signal on the 
line 105 that is proportional to the amount of light 99 that is 
received. The output current 105 is ?rst buffered by a source 
folloWer 114, and output to the processor 102 Within the 
silicon substrate 104. 

A conventional CCD might include a buried charge 
storage area. Typically a thin P++ type region 110 and a N+ 
region 112 beloW the P++ region form the charge storage 
area along With perhaps additional doped regions, e.g., N 
region 114. The charge is conventionally not alloWed to 
leave the storage area freely, i.e., it is integrated in the charge 
storage area. A readout gate is located betWeen the charge 
storage area and a charge transfer area, also called a shift 
register portion. The shift register portion is typically 
shielded by metal to prevent that area from accumulating 
charge from stray incoming light. 

This embodiment is a special CCD that is different from 
the standard CCD Which integrates the charge for an inte 
gration time. This system, in contrast, outputs instantaneous 
readout of the incoming light. The light causes P++ layer 110 
and N+ layer 112 to produce charge. A current indicative of 
the charge is output from the N+ layer to the electrical line 
105, as produced. A source folloWer 114 in the CMOS 
circuitry receives the instantaneous value. When the charge 
is suf?cient to forWard bias the gate junction of the source 
folloWer 114, the transistor turns on, to signify a change in 
state. Conversely, When the light is not present, the charge 
dissipates, and the source folloWer 114 turns off. All this is 
instantaneously applied to the source folloWer 114 Without a 
separate transfer gate. 
Of course, the opposite sense to that described herein is 

also possible, eg by using a PMOS source folloWer. 
The high speed serial information as received by the 

source folloWer is converted to parallel by an on-chip serial 
to parallel converter, and used to provide data to the parallel 
input connections of the microprocessor. 

Additional substrate layers, including N- layer 114 and 
additional P and N layers may be provided to enhance the 
charge production. Any of the Well-known standard tech 
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niques for CCD can be used With the above teaching, to form 
a CCD Which immediately outputs the light-indicative sig 
nal Without integrating. 
A second embodiment refers to a optical transmitter 

formed in a silicon substrate along With CMOS circuitry that 
is associated With the optical transmitter. This embodiment 
uses an optical sWitch as a short-haul communication photo 
transmitter. The optical sWitch is formed of silicon using a 
process compatible With CMOS. For example, this can use 
an optically movable mirror. The silicon WindoW forms a 
modulation WindoW 200 in an optical Waveguide 202. The 
modulation WindoW can be selectively turned on and off 
under control of an electrical signal in the bond Wire 204 
connecting the silicon CMOS chip 210 to the optical portion 
199. 
The modulation WindoW can be formed in a number of 

different Ways, including, but not limited to, a movable 
mirror of the type described in US. Pat. No. 4,938,555. 
Light from an external light source 220 is used. The output 
light 222 is coupled into the Waveguide 199 and driven to the 
modulation WindoW 220. The light is selectively alloWed to 
pass under control of the electrical signal on the Wire 204 
Which is correspondingly driven from a CMOS element 207 
in silicon chip 210. In the case of a digital optical transmitter, 
the light is alloWed to pass When the CMOS sWitch 207 is 
on, and light is prevented from passing When the CMOS 
sWitch 207 is off. The poWer and amount of light is depen 
dent on the external light source 220 Which is separate from 
the substrate 209 on Which the processor 210 and optical 
portion is formed. Moreover, since the light source is off the 
chip, its poWer consumption is external to the chip. This 
avoids the necessity to consume poWer on the chip. This 
alloWs the processor to run cooler and hence be more linear. 
Therefore, rather than generating light, this photo 
transmitter modulates light through the Waveguide. 
The microprocessor produces parallel output information, 

Which is converted to serial by an on-chip parallel to serial 
converter 206. The output of the P/S converter drives the 
CMOS sWitch. 
A speci?c preferred embodiment is shoWn in FIG. 3. The 

chip of FIG. 3 includes a CMOS light sensor 300 of the type 
described in FIG. 1 to receive input to processor 302. A 
CMOS light valve 304 of the type shoWn in FIG. 2 is also 
on the same substrate 299 to output the information from the 
processor. 

FIG. 4 shoWs a speci?c preferred embodiment using tWo 
processors 400, 402 on separate substrates 410, 420. The 
tWo processors each have an associated optical transmitter 
and receiver of the type described above. The ?rst substrate 
has a transmitter 405 and receiver 408. The tWo devices 
hence communicate optically. 

Although only a feW embodiments have been described in 
detail above, those of skill in the art recogniZe that many 
modi?cations are intended and predictable from the dis 
closed embodiments. For example, other CMOS compatible 
optical devices can be used, including an active pixel sensor, 
or a digital mirror. Other circuits besides the microprocessor 
can be driven. 

All such modi?cations are intended to be encompassed 
Within the folloWing claims. 
What is claimed is: 
1. A microprocessor circuit, comprising: 
an optical substrate; 
a microprocessor, formed in said substrate; 
an optical receiver, formed of a logic family that is 

compatible With CMOS, also formed in said substrate, 
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having an input connected to receive a serial stream of 
optical information, and having an output connected to 
said microprocessor; and 

an optical transmitter, formed of a logic family that is 
compatible With CMOS, also formed in said substrate, 
and having an input connected to receive output from 
said microprocessor, and having an output that modu 
lates a light source according to said output from said 
microprocessor. 

2. A circuit as in claim 1, further comprising a serial to 
parallel converter, connected to receive an output of said 
optical receiver, and convert said output to parallel 
information, and connecting said parallel information to said 
microprocessor, and further comprising a parallel to serial 
converter, receiving parallel information from said 
microprocessor, converting said information to serial, and 
coupling the serial information to said optical transmitter. 

33. A circuit as in claim 2, Wherein said optical transmitter 
is an optical modulator that passes light to represent a ?rst 
logic state, and blocks light to represent a second logic state. 

4. A circuit as in claim 2, Wherein said optical receiver is 
a charge coupled device, con?gured in a Way to produce an 
instantaneous readout of an amount of incoming light 
incoming thereto Without integrating said light, and produc 
ing an electrical signal indicative thereof. 
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5. A circuit as in claim 4, Wherein said optical transmitter 

is an optical modulator that passes light to represent a ?rst 
logic state, and blocks light to represent a second logic state. 

6. A circuit as in claim 5, Wherein said charge coupled 
device produces instantaneous charge indicative of incom 
ing light, and does not have a transfer gate. 

7. A CMOS circuit, comprising: 
a silicon substrate having a CMOS-fabricated circuit 

therein; and 
an optical modulating device, formed on said silicon 

substrate using a formation process that is compatible 
With CMOS, and con?gured in a Way to produce a light 
blocking action When an output of said CMOS 
fabricated circuit is a ?rst logic state, and to produce a 
light passing action When said output of said CMOS 
fabricated circuit is a second logic state, said optical 
modulating device having a ?rst end that receives light 
from an eXternal light source; 

Wherein said microprocessor operates to produce output 
information in parallel form, and further comprising a 
parallel to serial converter, converting parallel infor 
mation from said microprocessor to serial for said 
optical modulator. 

* * * * * 
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