2 February 2007 -' METHOD AND APPARATUS FOR
COVPENSATI NG A PHOTO- DETECTOR 5 10 BACKGROUND OF THE
INVENTION 1. Field of Invention 15 The field of the
present invention relates in general to optica
networks and nore particularly to optical rece}Vebrgary 2007
2. Description of the Related Art In communi cation
systens |ight beans are incrgasingly used for
transmtting information. The demand for
conmuni cati on bandwi dth has resulted in a conversion
of i Lon trunk |ines
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The w de spectral iﬁ teristics of fiber optics
support br oadbandF i{;ﬁé—i’ﬁﬁ@?ﬁ& gh data rates,
gigabits per second. Cenerally, an optical source,
i.e. transmitter, converts an electrical signal,
either digital or analog, to a nodul ated |ight beam
5 which is then passed through an optical fiber to an
25 optical detector, i.e. receiver, that extracts an
el ectrical signal fromthe received |ight beam A
fiber may be shared with different comuni cation
channel s using frequency, time or other fornms of
mul tiplexing. A typical optical link extends the range
of a comrunication systemwith a transceiver unit
t hat handl es opto-el ectronic conversion between an
optical fiber(s) and |ocal area networks (LAN) on
opposi ng ends of the fiber. 2 February 2007 -2
Optical transceivers offer gigabit comrunication rates
over |long haul trans-oceanic cables or short range
links in a netropolitan area. A typical transmtter
o K GBOYNDEOF MHEANYEBNITONevel . An optical |ink may
range in distance fromseveral nmeters to a hundred
kilt ome¥igldof lventédsy del i vering a broad range of
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15 The field of the present invention relates in general to optical networks and more
particularly to optical receivers.

2. Description of the Related Art

In communication systems ﬁght beams are increasingly used for transmitting
‘ information.. The demand for communication bandwidth has resulted in a conversion of
20 long-and short haul communication trunk lines from copper to fiber optic (digital)
communication.. The wide spectral characteristics of fiber optics support broadband
 signals at very high data rates, gigabits per second.
Generally, an optical source, i.e. transmitter, converts an electrical signal, either digital
or.analog, to a modulatéd light beam which is then passed through an optical fiber to an
25 optical detector, i.e. receiver, that extracts an electrical signal from the received light .
beam. A fiber may be shared with different communication channels using frequency, time
or other forms of multiplexing. A typical optical link extends the range of a
communication system with a trahsceiver unit that handles opto-electronic conversion

between an optical fiber(s) and local area networks (LAN) on opposing ends of the fiber.
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5 optical signal levels at the optical receiver. The
optical receiver nust function with both precision and
accuracy over the broad range of received optica
signal levels- Typically an optical receiver includes

ei ther a positive-intrinsic-negative (PIN) type2®ebradry 2007

aval anche photo-di ode (APD) type photo-detector. The
two types have different gai.p and signal-to- noise
characteristics both of which vary with operationa
paranmeters such as the bias 10 voltage and ‘
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optim ze the gain and signal-to-noise ratios for the
phot o-detector thereby facilitating the decodi ng of
the received siqgnal over a broad range of signal

st EQWY%T W}ﬁrﬁ‘?@s. The controller includes a
corresponding digital signal strength conpensator
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20 (neluding received signal strength and temperature. The controller provides as ari

output a bias control signal which regulates a positive or negative side bias voltage

25  power supply for the photo-detector. The controller maintains the bias voltage to the

photo-detector at levels which optimize the gain and signal-to-noise ratios for the
photo-detector thereby facilitating the decoding of the received signal over a broad
range of signal strengths and temperatures. The controller includes a corresponding

digital signal strength compensator which outputs a target bias voltage and a

30  temperature compensator which outputs a temperature related voltage offset which

compensates the bias voltage for variations in the photo-detector temperature. A

summer sums the outputs of the signal strength and temperature compensators to



provi de the bias control signal which drives the bias

vol tage power supply. The digital signal strength
conpensator al so provides as an output a nonitor

signal a level of which corresponds to the actua

optical signal strength received by the photo- dereshat 2007
after conpensation for the variable gain of the
photo-detector resulting from_the bias 5 voltage

level . In alternate enbodi nents of the invention a
transceiver as well as a method and neans for .
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5! wheywseva plurality of optical transceivers coupled to
one another to forma 15 wi de area network (VAN).

FIG 28 lifrda e%a&mn&s &krﬁ%@ﬂb@h&hﬁ@b&%ﬁﬁﬂ m@tfod e

[ nventl on W th an optical transceiver having a bias
vointang for sonifreing aphatgdeecie aieplse degnselrnd A8Mie hi gh si de
of the optical detector. FIG 2B is a circuit diagram
of an enbodi nent of the invention with an optical 20
transcei ver having a bias voltage conpensating circuit

| ed on the | ow SI de of g{ﬁg optical detector. FIG
103 B PESGRIBTIONOE THI D GPams of alternate

enbodiyaRALS ofifr fédﬁﬁes a0 Hﬂi@d‘t@g’éﬁ fttigp pedsent lvéntistwilrbe¢ame FioG

2A FIG 4 ai I i Leuit

2! sapt 6 e SOAae o s iSng S B, o,
S h@huiciodWith the BppefdeEdrabrifgd i8 whickgr aph showi ng the
phot o-detector gain and sensitivity in the optical
recei vy 1 mmsplmaha&fvpﬂcalagssce@r@ou@@ tp gneangtbgrip form a

1$hovm n | O%g\k’ e of fset versus tenperature for a
an‘ﬁ‘ge 2 "Eho et'ector operating tenperatures. 2

Febru (e 200 cirut diagram of an embodiment of the invention with an optical
transceiver having a bias voltage compensating circuit coupled on the high side of the
6ptical detector.

FIG. 2B is a circuit diagram of an embodiment of the invention with an optical
20 transceiver having a bias voltage compensating circuit coupled on the low side of the
optical detector.
FIG. 3A-B are detailed circuit diagrams of alternate embodiments of the
compensating circuit shown in FIG. 2A.
FIG. 4A-B are detailed circuit diagrams of alternate embodiments of the

25  compensating circuit shown in FIG. 2B.

FIG. 5A is a graph showing the photo-detector gain and sensitivity in the optical
receiver versus bias voltage.

FIG. 5B is a graph showing bias voltage offset versus temperat{zre for a range of

photo-detector operating temperatures.
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FIG 5Cis a graph show ng the photo-detector gain and
sensitivity in the optical receiver versus the
received signal strength in mlli-anperes. FIG 6 is a
process flow di agram showi ng the processes performed

by the conpensating circuit in response to varyg&uary 2007

operating tenperatures and received signal 5
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the information is

In the embodiment shown each optical transceiver card 60mprises a pair of dual
port transceivers and a router. Each transceiver card forms a node of the optical
network. The optical network links the LANs. The transceivers cards are coupled in a
dual ring topology with ring segments 190,192, 194, 196. Each transceiver is shown
receiving and transmitting optically modulated information from either of the duat
rings. Each transceiver has a receive port and a transmit port coupled to the
corresponding segments of each ring. Information can be thought of as passing

clockwise in one ring and counterclockwise in the other of the dual rings. All

30  transceivers perform an optical-to-electrical conversion on received data which is then

analyzed by an integral router to determine iis destination. If the information is



2 February 2007 -5 determ ned by one of the routers
to be destined for a LAN to which the transceiver
card is coupled then the router offloads the
information fromthe optical network to the
correspondi ng LAN. Optical card 110 includes twwFebruary2007
transceivers 118, 120 and a router 114. The router 5
114 coupl es through a LAN intserface 116 with LAN 112.
The transceivers couple via corresponding pairs of
?nsmt and receive ports to the correspondi ng
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signal strength conpensator alSo provides as arr put
28 nbMitor signal a level of which corresponds to t he

actual_received signal strength at the receiver.
Recei \'f é? monitoring and régulation of the réceiver portion of each transceiver is

performed with a common digital controller. The controller maintains the bias voltage
to the photo-detector portion of the receiver at levels which optimize the gain and
signal-to-noise ratios for the photo-detector thereby facilitating the decoding of the

25  received signal over a broad range of signal strengths and temperatures. The digital
signal strength compensator also provides as an output a monitor signal a level of
which corresponds to the actual received signal strength at the receiver. Receiver
monitoring is employed for diagnostic or preventive maintenance purposes such as
determining when to replace a component based on monitored parameters.

30  Component aging or life cycle stage can be determined based on monitored

parameters, with the result that components are replaced before failure.



nonitoring is enployed for diagnostic or preventive

mai nt enance purposes such as determ ning when to

repl ace a conponent based on nonitored parameters. 30
Component aging or life cycle stage can be determ ned
based on nonitored paraneters, wth the resul t2 Féatary 2007
conponents are replaced before failure. 2 February

2007 -6 FIG 2Ais a circuig.diagram of an enbodi nent

of the invention with an optical transceiver 118 (See
FIG 1) with a transnitter 200, a receiver 220 and a
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t OG- eR e MirtlrS@E A€Soupler 214. In the embodiment shown, the AC coupler
includes high frequency coupling capacitors 220-222 which form, together with series

W

and parallel coupled resistors 224, 216, 218 an impedance matching network. The

25  differential output of the AC coupler is subject to any post amplification in amplifier
212 and the opto-electrically converted signal is output by the receiver on one or more
signal lines 238-240 to the rest of the receive path circuitry, e.g. the router 114 for
example (See FIG. 1).

A compensating circuit 250 couples on the high side of the receiver to both
30 regulate and monitor the receiver portion of the transceiver. The compensating circuit
maintains the bias voltage to the photo-detector 232 at levels which optimize the gain

and signal-to-noise ratios for the photo-detector thereby facilitating the decoding of




and parallel coupled resistors 224, 216, 218 an

i npedance mat chi ng network. The 25 differential output

of the AC coupler is subject to any post anplification

in anplifier 212 and the opto-electrically converted
signal is output by the receiver on one or nore2February 2007
signal lines 238-240 to the rest of the receive path
circuitry, e.g. the router 1%4 for exanple (See FIG

1). A conpensating circuit 250 couples on the high

side of the receiver to both 30 regulate and nonitor
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ex agpifal sR@361 Heki®br i?@,gwlgﬁgco%les the monitor node to ground, is used
to perform this function. The monitor node 284 is coupled to the input of an

25  operational amplifier 268. Op-amp 268 provides an amplified output proportional to
the mirror current to an analog-to-digital (A/D) converter 266. Digitized values
corresponding with the mirror current are provided by the A/D to a digital controller
252. The digital controller also accepts as input digital values which correspond with
the temperature of the photo-detector 232. A temperature sensor 272 senses the

30  photo-detector temperature and provides a corresponding signal to the A/D converter

which in turn provides corresponding digitized values to the controller 252.



the current mrror supplies the mrror current Im the
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25  history in memory 262 and the sensed mirror current level at node 284. The current
compensator employs digital hysteresis in determining bias voltage target levels so as
to avoid unnecessary toggling of the bias voltage at mirror current levels near the
transition point between the upper and lower bias target voltages. The hysteresis is
implemented using the memory 262 to store prior target bias voltage levels and the

30 tables/formulas 260 which indicate the maximum and minimum values for mirror
current levels at which a transition between upper and lower bias voltage target levels

is to take place. Once a target bias voltage level is determined by the current
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25  avalanche photo-diode (APD). The signal strength of the received optical beam may
vary over 4-6 orders of magnitude as represented by beams 234 and 236. In the

embodiment of the invention shown in FIG. 2B the anode of the photo-detector is
coupled to the input of a trans-impedance amplifier 226 which operates as a current
* source for the photo-detector. The TIA has a wide dynamic range and exceptional
30  linearity performance over currents ranging from less than .01luA up to 2.5mA. The
TIA has a Vsource input 230 coupled to the variable DC power supply 270 which is
part of the compensating circuit. The Vsink input 228 of the TIA is coupled to a



10 by multiplying a conpensation coefficient k
(volts/ Centigrade) tinmes the difference between the
current tenperature and the reference tenperature at
whi ch the receiver was calibrated. The resultant
value is output by the tenperature conpensator fpeyridiy 2007
remai ni ng i nput of the sumrer 258. The summer suns the
bias voltage fromthe curreyf conpensator with the
bias voltage offset fromthe tenperature conpensator.
15 The resultant sum corresponds with the required
bias voltage level. A signal fromthe summer
c orltass ok afi arleyeliess ithan Hat efdbpHomensupiln The 814 augplies ereht tos
PRVdahrdR phbHerebt ich W&ol ,g&a fon SUDR!
DA RIS hOBi e Ao NEb Tt Gl DBl o)
priendpldied and amplifiesk elestsiod datk putpittfsonvibt THyen differeduial signal
p - det . ' [ rcuit. .di agram of. an
e SRR RbILE, Thd S Brbeaf oSl s R Rl
5t rlantlsstzhplﬁprt 2;3.\/ :Thtgowm:g obb?p??smiﬁe{n & oo}xpiaub tone_x?(ﬁ{)nore2 tiig(;)h
c e n e / e o e optical receiver
tgé‘I ueﬁﬁ%rta?urﬁ%msr%\gg‘?{)/ed signal strength The receiver
i ncl ygesonldag - Q5 i ly coupled to
the opti ca‘,{g’ a0 e £ G2 &gg"t"?“?‘x‘ﬁ“ﬁ‘ e B ot
opthé geggived sigral str @g'éés ingeseredhemt th@ﬁﬂtﬁe@lq'mg 233 (Jiha korhyjresagng
f T Qi ih&udRB R TR SEREY 27 T @meh{k\é&sm_memﬁememd by.
phot o- detect or conprises a positive-intrinsic-negative
10 ( pyanpusapeansinchaling\aserien £d5istopind e sumiinbutisrof ARDhe cufiike ngirgnal
StipRAERatRh dldWrrkR Firkof A5k (@8 1de 2k LE AT BN e YindY €
4-%‘§or de?s of rrira_r nitude as régﬁr esaen@{e&dargé‘ye%o\éggﬁsang%4
anBimBlse, trpughrehicheats sk rhetetdetsetor sverent/ipdand omireh owrent n
FI G dBpdotiiy@ BB of il %urgéﬂ%bﬂ%ﬁl;é %9 &e'nggzag%o' | léﬁg to

the input of a trans-inpedance anplifier
opeitagesinkggnode 27 whigh in thesigmple shown is prangles Bounbt Bt or .

15 TheonttbiAed Fherbuilor Gnireb RBUHIES via BROBOIM dRXGMHBE AR h@Q-
l'ineari t%%perfor mance over currents ranging frorﬂ ess

t hegtectaryiia T ntigordea g of the currpptanigsupplion the mireorichpent Im
236n KR Pt EThellvel dFehe\hlirbreditrnt ESrredOA®Y wiBithPteYeived Qpiiai Ch
IS, rt of the conpensating circuit. The Vsink input
22 Herhleyel & dpieateq by BB B SEFTE T slnghasapdiay: shogy m i1
vohubxiﬁ@»eed%mkmiatsioa d ﬂdﬁhl fithgd R&ifrtioha il dundht ﬁ@fnoﬁitbg n&i&\féﬁli.h
su y. e.. su [ urrent to the anode of the

2000 B8 ¥ e i o eRferi v i fohptn e mongE pidade smrestisiign
f r sgpreney VoredUW ats etiheanchitaniplié 14eckoapieciontheiaput dgha i S
out put. frr,om on differential nal |ines

CePebtiot ApIARE ok, S et ol propaond &
S ubje@uitrortogrrent)pd af dnglag-foadigital (A/D) converter 266 which provides a
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current levels and performs the bias voltage regulation and monitoring functions
discussed above in the current and temperature compensators. The summed outputs

from the current and temperature compensators 254, 256 respectively are used to drive

30 the variable DC power supply 270. The actual current level is output by the current

compensator on signal line 290.
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where Ic is the collector current, Vbe is the base to emitter voltage drop, Io is the
reverse leakage current from the emitter to the base, ¢ is the elementary unit of charge,
k is the Boltzmann constant, and T is the absolute temperature (in Kelvin). With typical
25  doping levels, the leakage current arising from the “intrinsic" behavior of the pure
semiconductor is very small, and the second term -Io is negligible, giving a simple

exponential dependence of Ic on Vbe.

An extension to Ebers-Moll that must be considered in current mirrors is that

of the Early effect. The Early effect describes the proportionate change in
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prigsjseendens pbmisror dvemenfe This characteristic improves compliance between the

mirror current and the photo-detector current by reducing the collector-to-emitter and

hence the base-to-emitter voltage differences between the sense and mirror transistors.

5  The disparity in performance due to the Early effect is therefore substantially reduced.

Compliance is defined as the quotient of Ip/Im. In the embodiment shown in FIG.
3A the non-linear isolation element is a bipolar transistor 306 with the emitter terminal
coupled to the collector of the mirror transistor and the collector coupled to the
monitor node 284. The base is coupled via signal line 312 to the collector of the sense

0  transistor 302. The compliance of this current mirror in an APD implementation is
shown in FIG. 5 line 520.
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emitters of the sense and mirror transistors coupled to a voltage sink and with the

25  monitor node 284 coupled through resistor 274 to a voltage source.

FIG. 5A is a graph showing the photo-detector gain 500 and sensitivity 502 in the
optical receiver versus bias voltage for a representative APD type photo-detector with
a high side photo-detector bias circuit. The actual values on the various curves are
given as examples only. Similar gain and sensitivity curves with different voltage

30  values would result for a low side photo-detector bias circuit.
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sensitivity region, e.g. 48 volts, allows the operational range of the entire receiver to be
extended to five orders of magnitude. The upper and lower target voltage ranges may
25 be calculated empirically or determined by actual measurement of a representative

photo-detector.

FIG. 5B is a graph with a curve 510 showing bias voltage offset versus
temperature for a range of photo-detector operating temperatures. Typically, as a first
order approximation, temperature and APD bias levels are inversely linearly related.

30  Asthe temperature of the APD increases the bias voltage must be increased to
maintain the same gain characteristics. A voltage offset of 0.05 volts per degree

centigrade is shown. The offset is determined relative to a reference temperature Ty
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25 The next set of processes 610-616 determine the actual received optical signal level
234-236. In process 610-612 the monitored current level I, and the current bias
voltage target level respectively are determined. Then in process 614 the bias voltage
target is correlated with the values in the table/function 260 (See FIGS. 2A-B) to
determine the current gain scaler. Next in process 616 the actual received optical

30  signal strength is determined by dividing the sensed photo-detector current level as
delivered to the current compensator 254 by the gain scaler in the associated

table/function 260. The quotient is output on signal line 290. (See FIGS. 2A-B)




decodi ng of the data at the receiver. The sel ection of

the target bias voltage |levels at the upper end of

the low sensitivity region, e.g. 46 volts, and the

| oner end of the high sensitivity region, e.g. 48
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voltage history is updated in process 628.

25 Processes 618-628 have the effect of toggling the output of the current
compensator from the upper target bias voltage to the lower target bias voltage when
the photo-detector current level exceeds the maximum photo-detector current level
and from the lower target bias voltage to the upper target bias voltage when the photo-
detgctor current level falls below the minimum current level, thereby exhibiting

30 hysteresis between photo-detector current levels and target bias voltage levels.
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If it does then the target bias voltage is nmaintained
at the lower |level in process 622 subsequent to which
an update to the bias voltage history is perforned in
process 628. If alternately, in decision process 624
the nonitored current is |less than the m ni num Rebluagy 2007
then control passes to process 626 in which the bias
voltage target is reset to _tjge L5 upper voltage |evel
thereby increasing the sensitivity of the receiver.
Subsequently the bias voltage history is updated in
CbAdMBss 628. For higher bias voltage levels a
determination is made i n decision process 620 as to
Inhet Aarapphmtusdni ¢compaisaing aphotod-doiepton ad dersanppeatus
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CPHBY§'8%'get bias voltage is reset at the lower level in

process 622 thereby 20 decreasing the . sengitivity of
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a current compensator coupled to the sensors to correlate the photo-detector

current level from the sensors with the corresponding target bias voltage.

4. The apparatus of Claim 1, wherein the controller further comprises;

a temperature compensator coupled to the sensors to correlate the photo-
detector temperature from the sensors with a corresponding temperature related bias
voltage offset which compensates the bias voltage for variations in the photo-detector

temperature sensed by the sensors;
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was cal i brated. The resultant value is in process 636
used to adjust the bias voltage target |evel

deternmined in processes 618-628. Control then returns

via splice block 10 - 638 to process 610 for the next
round of current and tenperature conpensation. 2 Féguary 2007
foregoi ng description of a preferred enbodi nent of the

i nvention has been presenteghfor purposes of

illustration and description. It is not intended to be
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inthis art. It is 15 intended that the scope of the
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equi val ents. What is clained is, 2 February 2007 -18.
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pheindetvitattior biandblage urtheotitpub | evel of the

phot o-detector; a controller coupled to the sensors

and configured to correlate the photo- detector

tenperature and the photo-detector current level wth

at ar’ﬂ%tap?hﬁﬁls\b@ a8el, wieast hRlcolrdllr fukiRFBEHALEE
related offset to the target bias voltage so as to

provi [ L.nput signal ;

and f%5§%32ﬁ?g§?§9%2§£%93@g%f%”%%ﬁ?*gﬁ*@%’so as to be

r esponsi . yelo) I ' ' .

t nor oo Ruidich i BENSHe S dbpe BRI b3 BBFe Mt i
photoFietcapparahtRvelfan@add werkargetinevdltagh &/iththinirhi@photo-
further conprises; a tenperature conpensator coupled
qetectseuepdeyed a0d correl ate the photo 15 detect or

tenperature fromthe sensors with a corresponding
t enpe¥ @rignbcqrapaasaer ¢sivaled tg Bletmagpaoryfang ghe tﬂﬁﬁ dwnction, and the

' £ Vard ati i 1. .
SRRECT SRy o) PRSal R B BR e B
vidiagapphe atensorp indlogifgla nesd edrgdtbidsheltegoetwednethe upper and
further %onprises; )
lower target bias voltage levels based on both the value stored in the memory together
with the photo-detector current level sensed by the sensors, thereby effecting hysteresis

in the toggling between target bias levels.

6. The apparatus of Claim 1, wherein the controller further comprises;
a memory for storing at least a prior target bias voltage;

a table/function which correlates target bias voltages with associated gain
scalers for scaling photo-detector current levels sensed by the sensors to correspond

with the received optical signal strength at the photo-detector; and

a current compensator coupled to the memory and the table/function, and the
current compensator storing a value corresponding with the at least the prior target bias
voltage in the memory and determining a actual current level for the photo-detector by

correlating the value stored in memory with the corresponding gain scaler in the
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20 a current conpensator coupled to the sensors to
correlate the photo-detector current |evel fromthe
sensors with the correspondi ng target bias voltage. 4.

The apparatus of Caim1l, wherein the controller

further conprises; a tenperature conpensator colip¢tedary 2007
to the sensors to correlate the photo 25 detector
tenperature fromthe sensorsyydth a corresponding
tenperature related bias voltage offset which
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ERTRERTEH B AREmBLES MO A0R ARl BT AR A lfeny ofthe
febr-daeotor2oént leld sansed by i seasrdénida 1 the oorpdsponding gain
tglg sensors to correlate the photo-detector current
¥&fel fromthe sensors with the corresponding target
bi as voltage; and a summer with an output coupled to
the variabl e power supply and with inputs coupled to
the tenperature and current conpensators and with the
sunmehn gpitasl Hignsc@vertpeniprisngvol t age of fset with the
target bias voltage and providing a sum which
comr estpmantsttenifériconhetibg as eleotricaldeputo dmeptivat putput; bnd
The apparatus of Caim1l, wherein the controller

f uet hefecsiGéRndlo@Eg: @ menory for storing at |least a
prior target bias voltage; 10 a table/function which

‘correl abes, ApdiBREL ot fF le&{vepi@%gvogh}%g%pma Ih #1884 Ral

phot o-det ector current |eve r target bias

vol t age wiautpuw; m ni num phot o- detector current |evel;

and a current conpensator coupled to the nenory and

t he t abbe/sengoet ¢aupledan thet photo-detediantd pesvighetwasponding
storing a val ue correspondjn ith_at | east the prior
target bi dSMPIBWRHIMdEen eY‘%émﬁq?gry and toggling a

next target bias voltage between the upper and | ower
target Bi a?sw&lérpﬂ%rg"@uplégéq thesanrsets apd cppiignredito epatelpse the photo-

stored in j - r
current | e(%gﬁ% tﬁér@é%a%%ﬁgﬁég%ﬂg%‘%% \R’{tﬁg ?%g%/t%é%%?? éegg
hyst er esi stogéthertwi¢h 4 egglerange belhtae offsdtas thettargetdsias voltage; and

| evel s. 20 6. The apparatus of Claiml1, wherein the

cont r ol bera ¥atablegiowee Bifply &siifi guied ¥8 A fo/pro Pide S s vidBagd to the
| east a prior tarq%et bi as voltage; a ta%l e/ function

whi ch cor rRhok-éefeqion yderes the magnitedgeef thy bias veltage ishased on an

gain input from the controller, the input being based upon the target bias
voltage and the temperature related offset thereto.
8. The optical transceiver of Claim 7, wherein the controller further comprises;

a temperature compensator coupled to the sensors to correlate the photo-
detector temperature from the sensors with a corresponding temperature related bias
voltage offset which compensates the bias voltage for variations in the photo-detector

temperature sensed by the sensors.
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scal ers for scaling photo-detector current |evels
sensed by the sensors to correspond wth the received
optical signal strength at the photo-detector; and 25

a current conpensator coupled to the nmenory and the
tabl e/function, and the current conpensator st®Febifars 2007
val ue corresponding with the at | east the prior target
bias voltage in the menory_gnd determning a actua
current level for the photo-detector by «correlating
the value stored in nmenory with the correspondi ng gain
cal efhs opticpldrapsqegysy gh M whereppthe sentegliey fiuthcnepraprises;
determining the received optical signal strength as a
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transmtter for converting an electrical input to an
opti cal output; and a receiver including: o a
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voltage to the photo-detector, wherein the nagnitude
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cont r S Bpe @ R PR IFleadd e g popHEb ahd S nputs

CoupEEs aietemp erdpir€ shd irteREcgItdiors tabd GthIted Qingmét¥@mming
detector tenperature fromthe sensors with a

h -
@sﬁaggﬁ&ﬁ&ﬁ offpet wip dicdeigetbipeyliage and providing 3 e WHids et
‘tvxﬁleeegthﬁﬁ TRENAELES vbieht AR gt age for variations in

ot o- det ect or

11.  The optical transceiver of Claim 7, wherein the controller further comprises;
a memory for storing at least a prior target bias voltage;

a table/function which correlates an upper target bias voltage with a maximum
photo-detector current level and a lower target bias voltage with a minimum

photo-detector current level; and

a current compensator coupled to the memory and the table/function, and the
current compensator storing a value corresponding with at least the prior target bias
voltage in the memory and toggling a next target bias voltage between the upper and
lower target bias voltage levels based on both the value stored in the memory together
with the photo-detection current level sensed by the sensors, thereby effecting

hysteresis in the toggling between target bias levels.
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tenperature sensed by the sensors. 25 2 February 2007

-21 9. The optical transceiver of Claim7, wherein the
controller further conprises; a current conpensator
coupled to the sensors to correlate the photo-detector
current level fromthe sensors with the corresppRerigy 2007
target bias voltage. 5 10. The optical transceiver of
Caim7, wherein the control4er further conprises; a
tenperature conpensator coupled to the sensors to

t
R e
vol t age offs t tV\/n c% ppens tes 1t)hewﬁggs voltage for
vari atTIREY] r‘fﬂ%n%) % H’é?r gegt D1ps St ure sensed

by the sepsors 0.a cu rent caonpensator coupl ed )
Uhe. SOAREREIcigh s oRe g g GRS GF Soped fpin
s'c&l&%' fof §c91?i‘1§ ﬁlﬁ)té BPRObP cﬁ%én'ﬂ lethl@ séf3ed Sf RRNEhDS &)%%i.opond
bias voltage, and a sunmer with an output coupled t
wilttethe aiedenist @ppoalsiznsligehgth ahthewhoto-detgstarsandcoupl ed t o
the tenperature and current conpensators and with the
S unmer custendangpensdier doupled Votheagenat bad thevth‘ttlb/ﬁlﬂcﬁon and the
tar et bias voltage and providing a su
PRI OPTRsLey St V%?%@ﬁ?&%ﬁ%%h flesbep Q&Pr Praggg bias
%@ﬁtth@ﬂenfobaﬂﬁf:@té{ﬁﬁmﬁé a G @hINBufrentBR %ﬂh& Foto-detector by
con roller further conprisSes; a nenory for storing at
dopgbting theriabre steredyat mbinaxy with thegerresponding gainusaaler imrthe

B0 551 PR ARl BB HPLLABR g or e
phatgesdtedlorurieat ledgdGeitdell By Thd¥eRsdNdRiddi 8} e deir@pbiding gain
current level; and a current conpensator coupled to

SCAlr menor y and the table/function, and the current
conpensator storing a val ue correspondi ng with at

| east the prior target bias voltage in the nenory and
toggling a next target bias voltage between the upper
Bnd Zbhe apivesl ttaasgpéter bf Ekimd), vhgeid the ebsirdiles fdthen bot h
the value stored in the nenory together wth the

hgirdedatiest oot lahraeﬂtandhe\phbto&ﬁmsee(okm» bfd-Saedaand a
t herehy effecting steresis in the toggllng bet ween
Rog;tlér@tmtgingg qegq,tg/[es(PH% photo-detector.

14. A method for compensating a photo-detector comprising:
sensing the temperature and current levels of the photo-detector;

correlating photo-detector temperature and current levels sensed in the sensing
act with a target bias voltage together with a temperature related offset to the target bias

voltage; and

varying a bias voltage level to the photo-detector responsive to the correlating

act.
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2 February 2007 -22 12. The optical transceiver of
Caim?7, wherein the controller further conprises; a
menory for storing at least a prior target bias

vol tage; a table/function which correlates target bias
voltages with associated gain scalers for scalj fgruary 2007
phot o-detector current |evels sensed by the sensors to
correspond 5 with the receled opti cal signa

strength at the photo-detect®or; and a current
conpensator coupled to the nenory and the

- abl éftfeumethoder, Claima 14.veherein thesgorrelatiog @pisthirther comprisesy a

val ue corresponding with at |east the prior target

bi as comalatiag thei photda@tmmmyxpaamrdmnmdihmhmna'ngad;twdth a

current veI for t hot o- det egct correl at

CPRERAtne TEnBr bt H R Eh oS SRR AT

volag&for vAridthRs 1Dt phbeL R tdrit@pandredet er m ning t he

recei ved optical signal strength as a quotient of the

phot Q:o?x%fa%ﬁ @He phdtd- @&Ect&eéﬁ%.lenfsl%@é%gnséa n{ 118 s&ﬁﬁgd’ct with the

di vi ded he ‘corresponding gain scaler. . The

@ptespmﬂmgrtamgsﬁaawltagé a@dai m 7, wherein the controller

further 15 conprises at |east one of: an aval anche

phot cudinoidg t}(eﬂcﬁ’ﬁ) vaitage offske tvathithe taggetl baas voltage and providing the

‘% ositive-intrinsic- negatlve (PIN) photo-detector. 14.
TESRARGHEr sy o d a phot o-det ector conpri sing:

sensing the tenperature and current levels of the

phot o-detector; 20 correlating photo-detector

t enperature and current |levels sensed in the sensing

Het whemethedpfelimil4swhatindbecartslgingeact firther epmprises;

tenperature related offset to the target bias

vol t ageringaideagia giiorgargethiasvolaieage | evel to the

phot o- detector responsive to the correlating act. 25

2 Febrareelating(duppe? Birddd bidkheoltape vith aothatimainipheto-detector

mherein th orrelatlng act furéﬁer co rises,

Wrepklexeliang alpuerire bRIgR YL Bes Vit iy Wb oededssiprichirent

fé{;aagﬁwsmg act wwth a

toggling a next target bias voltage between the upper and lower target bias
voltage levels based on both the prior target bias voltage stored in the storing act
together with the photo-detector current level sensed in the sensing act, thereby

effecting hysteresis in the toggling between target bias levels.

17.  The method of Claim 14, wherein the correlating act further comprises;

storing at least a prior target bias voltage;

correlating target bias voltages with associated gain scalers for scaling photo-
detector current levels sensed in the sensing act to correspond with the received

optical signal strength at the photo-detector; and

determining the received optical signal strength as a quotient of the photo-
detector current level sensed in the sensing act divided by the corresponding gain

scaler from the second correlating act.
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correspondi ng tenperature rel ated bias vol tage of f set

whi ch conpensates the bias voltage for variations in

t he photo-detector tenperature; 5 correlating the

phot o-detector current |evel sensed in the sensing act
with the corresponding target bias voltage; angliFebruary2007
sunm ng the bias voltage offset with the target bias

vol tage and providing the cefresponding sumto the
varying act. 10 16. The nethod of O aim 14, wherein

the correlating act further conprises; storing at

| east a prior target bias voltage; correlating an

per,targef bias voltage wi th a maximum
Bhot o ittt los PoTRERSF LAY * Phsjeclefiar SOMBNRAE: ar get bi as
vol tage with a m ni num photo-detector current. |evel;
and 1Bcan8 & SeRHn & thsdseppsraiisaandsuirent lgyelsefdhe Bhefedptertes
upper and | ower target bias voltage |evels based on
bot h mesas for cerrelasing photpidgtectos tempssatatesing guirentgugls sensed by

- e - ec

L ek 0P i L Bl b8 r 3 S ot thea
difet rtksiasgdt bidk veltigegadd ng between target bias |evels.
20 17. The nethod of C aim 14, wherein the correlating
act fridednd@or b b H8S voltsdedevdl €o ik ph6@Sdetedtd?résPbnsive to the
target bias voltage; correlating target bias voltages
iafgehblas ¥Qltags ead thydpmpaetretelptddnifsst al i ng phot o-
detector current levels sensed in the sensing act to
correspond with the received optical signal strength
at the photo-detector; and 25 determ ning the received
bht i CHie megualf Cétimeldg tvhemm the queabs fon tomélatinpgefupheat comprises:
detector current |level sensed in the sensing act
di vi deeansort dv@reluding BsOsHHL-0ge@ad tBmp8idtire enkédby the@neans for
second correlating act. 2 February 2007 -24 18. A

REAS Milbra BRI HE trgP eyl s Ydiege efifat mighy:
3 ﬁseft&ﬁhé B1as lvaﬂage'}‘ér_ &ﬁﬁﬂ&ﬁﬁh;ﬂﬁ@pr?o@&déﬁ%t&e{éhp%&&ﬁks
the p or; g

~

o ot o-dete means tor correlatin

Dot S O R Ao L s o

dengiag héth thé tdrradpsRimeRaicubas veltaeeshd

means for summing the bias voltage offset with the target bias voltage and

providing the corresponding sum to the means for varying.

20.  The means of Claim 18, wherein the means for correlating further comprises:
means for storing at least a prior target bias voltage;

means for correlating an upper target bias voltage with a maximum photo-
detector current level and a lower target bias voltage with a minimum photo-detector

current level; and

means for toggling a next target bias voltage between the upper and lower target
bias voltage levels based on both the prior target bias voltage stored by the means for
storing together with the photo-detector current level sensed by the means for sensing,

thereby effecting hysteresis in the toggling between target bias levels.
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offset to the target bias voltage; and neans for

varying a bias voltage level to the photo-detector
responsive to the target bias voltage and the
tenperature related offset. 10 19. The neans of C aim

18, wherein the nmeans for correlating further 2 February2007
conprises: neans for correlating the photo-detector
tenperature sensed by the neans for sensing with a
correspondi ng tenperature related bias vol tage of f set

whi ch conpensates the bias voltage for variations in

t he photo-detector tenperature. neans for correlating

t he photo-detector current |evel sensed_by the neans .

Flor THhs nagans phglanidl, whercwdhe mepesfar soyralatingdirthsr gemprises:
vol tage; and neans for sunmm ng the bias voltage of fset

wi t h mepas forrsipanglst legstagprica dagelrbdas yoltagd: di ng t he
corresponding sumto the neans for varying. 20. The
meansnesins Graiorrelb8ng tengat bias vohageswathsassastatesogaie bealdrntpr
further c rises: O .neans.for storing at |east .
soiling oGPy GlrepLiey el et abinsor Sene B crfeRpongvit the
PRI dpliclaigral Sfen¥l dt AGLHOI-BetdotdBxAdUM phot o-

detector current level and a | ower target bias voltage
Wi th Bedil %ﬂﬁéf@rﬁﬂﬁﬁé’fﬁé%&?&eﬁropti% Is{oR Al stlleﬁ%/tﬁlaé a@6kient of the
means for toggling a next target bias vol Tage between
nheto-deipeier cumgnt loviedsensed Ytthe mBansiforssensing diyededdydhs

based gn both the.prior target hias voltage stored by
SRESHhedie b s f BB sdsBhT R P e
phot o-detector current |evel sensed by the neans for

sensing, thereby effecting hysteresis in the toggling

bet ween tarqet bias | evels. 2 February 2007 -25 21..
ZFhe ndBARPEFUTIOAFANREsatiRie? BRGOURECtR ARsappgratus comprising:

correlating further conprises: neans for storing at
| eastseasqys f@Higuedde detsrizastenprratige of e ahetofdstector and a current

ﬁg&g@h@ﬁ?ggy@g&ggg bi as voltages with associated gain
scalers for [

scaling photo-detector current |evels
sensed ans for nsing to carrespond wth.th
ool VERTBER PR P R R B Ipp ot e photo-
R a-te@p&atued andaRel pReasistet OF ciled 1eVeNwilB atdigetRfaionage
optical_ signal strength as a quotient of the )
toEeher with ggqnme. rawienelAtediobvelio Jes gt Wgs Yelagreapstofpspvide 2
éo%%&lgﬁr% ﬁ/dvxsje? guﬁﬂy Mf)ﬁt signal, the controller comprising:
a temperature compensator coupled to the sensors to correlate the photo-
detector temperature from the sensors with a corresponding temperature related
bias voltage offset which compensates the bias voltage for variations in the

photo-detector temperature sensed by the sensors;

a current compensator coupled to the sensors to correlate the photo-
detector current level from the sensors with the corresponding target bias

voltage; and

a summer with an output coupled to the variable power supply and with
inputs coupled to the temperature and current compensators and with the
summer summing the bias voltage offset with the target bias voltage and

providing a sum which corresponds with the bias voltage at the output; and
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correspondi ng gain scaler fromthe second correl ating

act. 10 22. An apparatus for conpensating a

phot o- detect or, the apparatus conprising: sensors
configured to detect a tenperature of the

phot o-detector and a current |evel of the 2 February 2007
phot o-detector; a controller coupled to the sensors

and configured to correl ate_jfie photo- 15 detector
tenperature and the photo-detector current level with

a target. hi as vol t age ogether wi.th a te rature

el arodarBar e PR riRgEt “Bral RrdriboyVRE Bk Bper supply
iﬁ%@\éig@&m ghd tRQEHESRRAEE NBiaP O¥RIge 36 BRI photoideidetstl gnal ,

the controller conprising: a tenperature conpensator

coupled to the sensors to correlate the photo-
detector tenperature fromthe sensors with a

orre ' i j ‘o o
B0t o F AR SEERERALMIR J Sloft Blecif) 1 Bhpidfls BRBrising
variations in th tQ- r
A R B T S R
s 90the photocdsiéctbrat € t he photo- detector current |evel
fromthe sensors with the correspondi ng target bias

vol t a0@ntr8Nér cdapRd $HERENsOkst dhd@OnLEkirBliio coRieRltetie thotdre
vari abl e power sugpl and with inputs coupled to the
¢ P

desgepstemparatupgvndd e-detepipr puyEand teyelkwth atarget bips voltage

t% ge errwi?l'i" % errpp%raglﬁlr Fr)glat%ﬁ 8¥f8(l:tttgglee tglfg\%\ﬂﬁ%%%é{g?? E(bfs t'b %gcq%e a

as vo ge "an roviding a sum espon

MrifeBo dnldih gl odder v@ipl pd@uBdigridiahocdnmtsller comtbrididgebr uar y
2007 -26 a variable power supply configured so as to

be responsi membsy foh@tpﬁﬁg«@trleﬁsua@hmaf%wuias gbipe] and
t hereby generate a bias voltage to the photo-detector.

23. AN appaBiefindtidh WIROPERRAES A @p@f‘ﬁ}g& 5ic 681%:%@ with a

the apparatus conprising: 5 sensors configured _
det echasimugnpletatleteeionfurtentlepbloind -adewertarget binsiveltage with a
current . |ev Itof tcge thOttol'dﬁ'te tor; a controller

coupl BRI RNQ deeoTCUERT Igy f?"éured to correlate the
phot o- detector tenperature d the phot o-detecto .
Qurrent I VSIS eambersdPERaupAe tegpemeRy and the {able/function,

and the current compensator storing a value corresponding with at least the prior
target bias voltage in the memory and toggling a next target bias voltage
between the upper and lower target bias voltage levels based on both the value
stored in the memory together with the photo-detector current level sensed by
the sensors, thereby effecting hysteresis in the toggling between target bias

levels; and

a variable power supply configured so as to be responsive to the power supply

input signal and thereby generate a bias voltage to the photo-detector.
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together with a tenperature related offset to the

target bias voltage so as to provide a 10

correspondi ng power supply input signal, the

controller conprising: a nenory for storing at |east a
prior target bias voltage; a table/function vvhiﬁaebmaryzom
correl ates an upper target bias voltage with a

maxi mum phot o- det ector curre | evel and a | ower

target bias voltage with a ~M™ ni num phot o- det ect or
current level; and 15 a current conpensator coupled to

2he remaparatusdfot bempeaishtelef apiotd-detectom tivt apharatng comptising:
conpensator storing a val ue corresponding with at

| eastseimdoes @nifiguredt@deredt ateraperutmkd afifke piotdlletemeonaid/a eurcknt
t\?fggl Ing.a g(fxt target bias voltage between the upper

leyryof oox3tOrhi as vol tage | evel s based on both the
value stored in the nmenory together with the

phot ceairalerseuplad fxthe sprspis and pnfagpred toxorelate the ek

QoI R LRl YRGB S bt PRVEON A B Bl Bllage
ar get as levels, and a vari abl e power su%ply

togatherguithedtespersurt oelbed o&fsq o thevtargtthiddwlipgesr asstu ppdvyde a

i nput sjignal and thereb nerat e bi as voltage to
ﬁ%@sqmﬁtn%m&i% E‘{Pé’ﬁi’ m?“ﬁ'—%@%ﬁé%“’é’@@ﬁef COTPIBRE: An

apparatus for conpensating a phaoto-detector, the

appar at us CBAPPIYSiPhgforing alsast 3 PEeHRISSLPIaH veliReget ect a
tenperature of the photo-detector and a current |evel

of the photteblgdurationvhich esarelatesl thuget iavyrlages with pgsociated
sensor nd_configured to. correl ate.t hot

dot oot AHREBY S Bnh R RuBT Il BIR By e psors 0

| evelconebgond Wit hekeddivagd optiddl sighal strog@h Aethe photo-dtector; and
tenperature related offset to the target bias voltage

SO as to [y QittedEciinpcnoithLsRPR it theRRNMBsry2HE BhetablBMbtiction,
signal, the controlxl)er conprising: a nmenory for

st or i #¥¢ the cyrecas corapgnster stoErg e valpe eqsrepponrdagwith the at least the
t abl el [ | .at e] t

i th AR VO G SR BeloEPul Ui R 0! R evel
phot ofodl tegtibordatettsreiit conelagihg tientirdtdiyd ilhmemenswitls theo

correspondnglth the received optical sjgnal strength,

at t HOTISPRATGINESEL 1T IThihg table/hneian amigng e received
coupl &gichiQi SAE EIFRI % Mtikﬁ%fﬁﬁéﬂfﬂé-&&%tbp&rrem level sensed by

the sensor divided by the corresponding gain scaler; and

a variable power supply configured so as to be responsive to the power supply

mput signal and thereby generate a bias voltage to the photo-detector.

25. A method for compensating a photo-detector comprising:
sensing the temperature and current levels of the photo-detector;

correlating photo-detector temperature and current levels sensed in the sensing
act with a target bias voltage together with a temperature related offset to the target bias

voltage, the correlating act further comprising:
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and the current conpensator storing a val ue

corresponding with the at least the prior target bias
voltage in the nenory and determ ning a actual current

| evel 15 for the photo-detector by correlating the

value stored in menory with the correspondi ng ffijuary 2007
scaler in the table/function and determ ning the

received optical signal strgngth as a quotient of the
phot o-detector current |evel“sensed by the sensor

di vi ded by the .correspongdin ain scaler; and a . .
vari abl e ﬁeﬁéatlg%gﬁlpig@‘ ?Cg?I?‘@BP%rﬁméessePﬁf’dk}B?he sensing act with
resp i s the
{hor by s ndire e PETo SUAR Mas Fil P Bict DHN onfpRfiate

25. Aiasstotiege foovaasiope irstht iphgtoedetsiotor derajestratutenr

conprising: sensing the tenperature and current

| evel s of cohrelaphgthe-phetoeddtentor cnaentdbwdl iserged in the sensing act

photo-detector tepnperature and current |evels sensed
in th %§ §P¥¥53p°§gg%&rg%bﬂ‘ﬁ Vgﬂf‘%ﬁ’@’é bi as vol t age
together with a tenperature related offset. to the

target bi s¥mmypgtheduas wolfageelfsed withithgtarget bipg velfage and
conpr..si:Ag- %ﬁﬂfr .ahgng the

phot -r§g13%§tt%?gcﬁ%rs erdgr%gﬁér%gz?ggég |§at%’e sensi ng act

W th . ' r r ' :
of £ s R ER S Gy FRE RO ol BB hbdrifling
acari ations in the photo-detector tenperature;
correlating the photo-detector current |evel sensed in
the sensing act 5 with the correspondi ng target bias
vol tage; and summing the bias voltage offset with the
3@ 9eh nRinds HPES RS sAME a pHoRL USRS ddMSHrisaigr espondi ng

sumto the varying act; and varying a bias voltage

I I ; _
e S R e,
OOt LR o BRI, i

0 eli-teteechior valeEp ergriher &ithndeaprawrd relataded fetrthe thrget bias
in the sensing act wth a target bias voltage

Ydtpee.Be coralaiing acbipBPLEMISIE at ed of fset to the

target bias _ i
storing at least a prior target bias voltage;

correlating an upper target bias voltage with a maximum photo-detector
current level and a lower target bias voltage with a minimum photo-detector

current level; and

toggling a next target bias voltage between the upper and lower target
bias voltage levels based on both the prior target bias voltage stored in the
storing act together with the photo-detector current level sensed in the sensing

act, thereby effecting hysteresis in the toggling between target bias levels; and

varying a bias voltage level to the photo-detector responsive to the correlating

act.
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15 voltage, the correlating act further conprising:
storing at least a prior target bias voltage;

correlating an upper target bias voltage with a

maxi mum phot o-detector current |level and a | ower

target bias voltage with a m ni mum phot o- det ect february 2007
current level; and 20 toggling a next target bias
vol t age between the upper amngh|ower target bias

vol tage | evel s based on both " the prior target bias
voltage stored in the storing act together with the
Phot A methost for capansstingagphero-deptaomprisiig: sensi ng

act, thereby effecting hysteresis in the toggling

bet weensingthgéempxdraterd andaiugentdentls ofthy phgjo-sletscias,

vol tage level to the photo-detector responsive to the

cor r eloatlatigg pR&toaietecto? tdnegratareyand @0rfent1&@1sX5énsed imttelsonking

dep it R T P € e N e fogod oset (3 ThC tafft bias

RIAEQ 1HEL Bl fng afOfuFBlralohipgisigot o- det ector tenperature
and current |levels sensed'in the sensing act with a

target bi j .enperature

rel gt ed ofas?%ﬁeﬂt%I %tg&tg%&e&?(gﬁg tEt l)k{l\ﬁsta{:bha%é’vglpt age, the

correlatin - fur 4 risi-ng:.  storing t .8

o1 o+ ar gorbtink Vb Blas BTk Mifiiss R B R R stng

vol t ggeso-dtttdtonasrat RV€d s@edintBabakinglaof toseatipddd with the

phot o-detector current |levels sensed in the sensing

act tECRvid Q¥isalenal strenghieat thehoterdefedpt rBdl  si gnal

strength at the photo-detector; and 10 determ ning the

recei ved ofsteraaning thgrra¢eivadroptigalisicns! dregetbias arquotent ofthe
hot o- [ I L - DN . j act

G vi QR Altsh Bkl B 4 RN MR RS e

secongrespondingt gangscatkd froantle ¥euoyd berrélatingst;\amtit age

| evel to the photo-detector responsive to the

cor r eyaayinB @ biA&Gloltaddlevel to the photo-detector responsive to the correlating

act.
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