Laser Controller Integrated Circuit Including Variable Resolution Data
Processing Device CROSS-REFERENCE TO RELATED APPLICATION
[0001] This application is related to copending and commonly assigned
U.S. patent application No. 10/759,786, entitled "Numerical Value
Conversion Using A Look-Up Table For Coefficient Storage,” of Peter
Chambers and Joseph James Judkins Ill. [0002] This application is also
related to copending and commonly assigned U.S. patent application No.
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Limited Arithmetic Logic Unit Supporting Variable Resolution Operands,”
of Peter ChafbaaPaifd Besegit Jarfe LAl BFREFFELPIORSHES
INVENTION [0003] The invention relates to a device for processing digital
values and performingﬂ gumgrical value conversion of the digital values

“Rrom %%%F%tg% fiB8r ﬁﬁﬁls%%,oﬁsually a natural unit, and,

in particular, to a data processing device coupled to an analog-to-digital
[0@@hVerter Toriperfgrming afcortinear mametieal value coavelrsion asimgammenly

as éggjrr@& tgble for, storing coeificients, DERCRIPTION, OF; FHERELATED

[0004] In many electronic systems, an analog-to-digital converter
TNYABDIC)T8 bftéhliseCordigitizecdn dhalg datasouréd iftcdigitdiovalGestficient

stdheanalog data seuree.can bea voltage, A Surenhdempesature of pther
real-world parameters. The analog- to-digital converter generates digital

[o a@ﬁes in the form of - 1 ;dfigital bits” where the d‘Cig[iCtial_bétscaore c%}jfn_ and
expressed in” arblﬁgﬁy Ghits. That s, algitlze ou put“valuepoef‘ 007
commonly assigned U.S. patent application No. 10/759, 988,
entitied “Numerical Value Conversion Using A Saturation Limlted
Arithmetic Logilc Unit Supporting Variable Resocolution Operands,”

of Peter Chambers and Joseph James Judkins IIT.
FIELD OF THE INVENTION

[0C03] The invention relates to a device for processing
digital values and performing numerical value conversion of the
digital values from one unit system to another unit systemnm,
usually a natural unit, and, in particular, to a data processing
device coupled to an analog-to-digital converter for performing
nen-linear numerical value ceonversion using a lock-up table for

storing coefficients.
DESCRIPTION OF THE RELATED ART

[0004] In many electronic systems, an analog-to-digital
converter (ADRC) is often used to digitize an analog data source
into digital values. The analog data source can be a voltage, a
current, temperature or other real-world parameters. The analog-

to-digital converter generates digital valuss in the form of

_lm



from the ADC does not necessarily correspond to 4 volts or 4 Amps but
rather the digitized output value is merely a measurement of the analog
data source on an arbitrary scale. The arbitrary scale is often a function of
the characteristics of the ADC itself. [0005] It is desirable and often
necessary to have the digital values generated by an ADC expressed as
real-world parameters, such as voltage in volts, current in Amperes, and
temperature in degree Celsius or Fahrenheit. Thus, in operation, after the

oD digiizes the analog data souice iemperature, veltage or cuteny
Into (Tlglta values In arbitrary units, post-conversion data processing Is
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post-conversion dz‘attat= processing is reféerred to as numerical value
butohversen . tb6r é&@rﬁﬁl@,ﬁ%ﬂe %@Eurﬁayﬂgiﬁzé anfisgfvoltagessmiye ement of

thang-providevalyes dn .whole-numbers-efmillivolts as the fingl digitahi « rary
output. In general, an arithmetic logic unit (ALU), with built-in

SC3éitipficationtand additohifoRclidns i€ attaeRéd t& e ABES IS perfiin*PC

it 4he necessary numerical value conversion. [0006] The numerical value
conversion process uses one or more coefficients for transforming the

[od¥ie! values inarbiteary Junits inta the-degired realworld upit, Typically, 4, ¢ 41
the coefficients are stored in a memory or registers and are retrieved by
va the ALLE IS pe e thie TBNYErSIGRITHUS $f cohveRfidnal systeris ffeeters,

su@QeHEi%§@§éfeﬁ{e@@§@P5@ﬂI§e@tb%ﬁpﬁﬂﬁ%@sﬁbe&Q@V%@i%%%%lhre in
digitized values. - 2 However, in some applications, the values of the
d@%B%ﬁk%ﬁh§%Bs or Fahrenheit. Thus, 1in operation, after the ADC
digitizes the analog data source (temperature, voltage or
current) into digital wvalues in arbitrary units, post-conversion
data processing 1s carried out to convert the digital bkits in an
arbitrary unit intc an appropriate real-world unit {(e.g., degree
Celsius, volts and ampere). The post-conversion data processing
is referred to as numerical value conversion. TFor example, the
ADC may digiltize an input veoltage value and provide values in
whole numbers of millivolts as the final digital output. In
general, an arvithmetic logic unit (ALU), with built-in
multiplication and addition functions, is attached to the ADC to

perform the necessary numerical value conversion.

[00086] The numerical wvalue conversion process UsSes one Or more
coefficients for transforming the digital values in arbitrary
units into the desired real-world unit. Typically, the
coefficients are stored in a memory or registers and are
retrieved by the ALU to perform the conversion. Thus, in
conventional systems, the coefficients are treated as constants

to be applied for the conversion of all digitized values.



be used may vary depending on certain parameters, such as the
operating conditions of the device generating the analog data source or
the ADC generating the digitized values. [0007] Furthermore, in most
applications, an analog-to-digital converter is used to digitize a single
analog data source. However, in some applications, it is desirable to use
a single analog-to-digital converter to digitize multiple analog data
sources. In that case, there is a requirement to convert digital values from
the ADO into various physical units, each conversion requiring segarate

HOURT5F eosttichls, TS RUTOHLAPSAluG Sorerion SroceBS miRE  T-cencs to
be thereforezsupport thecpsendf multiplte ceoefticientssfonrealizing ngmeticak +he
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the digital valué in the arbitrary unit to the (%geltaﬁrvaamemm the desire

SOpEgIEWeHd uiit may invohee atriorslingsr rélatiohshipd Whéméte numerical
value conversion has a non-linear relationship, the coefficients must be

[o@big to approximatedthesnondineas copyersionsrelationship, SUMMARY-digital
]%F THE INVENTIgth)O ]SC%According to one embodiment of the present
“liVention, a° davic procesSingarf NEBit digftaf IHput Yalle Gerret kst -

inven vice fo
Hobyvan analogtowdigitat tonwerterand generating:d digitabotitput ssignaldsngle
A ngg [jtggq.d'g gggita' lue is in a.first unit being an.arbitrary unit
" andgthe digit% outputéglépﬁéléilg ?Lrjfaége%ﬁd Erjii% %erl{hugﬁlg%%%&ra‘laﬂﬁl}f(%? data
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va equation The digital-output,signal is, for Hﬁ%ymﬁ%ﬂ@g??@%ﬂ conversion
process - 3 information that is captured by the analog-to-digital converter.
requiring separate set of coefficients. The numerical value
conversion process must therefore support the use of multiple
coefficients for realizing numerical value conversion into
multiple units. Moreover, the conversion between the digital
value in the arbitrary unit to the digital value in the desire
real-world unit may involve a non-linear relationship. When the
numerical value conversion has a ncn-linear relationship, the

coefficients must be able to approximate the non-linear

conversion relationship.
SUMMARY OF THE INVENTION

[CO0B] According to one embodiment of the present invention, a
device for processing an N-bit digital input value generated by
an analog-to-digital converter and generating a digital ocutput
signal is described. The digital input value is in a first unit
being an arbitrary unit and the digital output signal is in a
second unit being a natural unit of physical measurement and
being related to the first unit by a first eguation. The digital

output signal is for use by a host processor to process



The device includes a memory including a first memory portion and a
second memory portion. The first memory portion has stored thereon Q
delimiter values where the Q delimiter values divide the range of the N-bit
digital input value into Q+i regions and at least a first region and a second
region in the Q+l regions are of unequal sizes. The second memory
portion has stored thereon a look-up table storing Q+I sets of coefficients
for performing numerical value conversion of the digital input value in the
first unit to the digital output value in the second unit. Each set of
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value in the first unit and the selected coefficient pair of slopé and of St
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first equation and computes the digital ou'%put value in the second unit

CRERY the B digital ApLR VEIRF AR the Seleticd Edeffierhf paireT0609jc T

pe T opetation the: Nrbit digital input vatuerisicompared, with:the Q delimiter vailue
., values fo determine a respective one of the Q-+l regions in which the N-bit ,
™ digital input valte fies 8nd e “irdtindexinyparamaterfiad & vdide Secend unit.
Eafidicativecdf thearespedtive: onenafithe Q+lregionsrand beingmappliedtos Lope and

o HR ook fanle 4g Rrovided the seledied coefliclentnall # v espective one of
the @+1 regions cof digital input values. The look-up table is
indexed by a first indexing parameter to provide a selected
coefficient pair of slope and offset coefficients where the first
indexing parameter 1s selected to operate the device for non-
linear conversicn. An arithmetic logic unit receives tﬁe N-bit
digital input wvalue in the first unit and the selected
coefficlent pailr of slope and offset coefficients from the look-
up table in the second memory portion. The arithmetic logic unit
performs numerical value conversion based on the first eguation
and computes the digital cutput value in the second unit using

the N-bit digital input value and the selected coefficient pair.

[0008] In operation, the N-bit digital input value is compared
with the Q delimiter values to determine a respective one of the
Q+1 regilons in which the N-bit digital input value lies and the
first indexing parameter has a value indicative of the respective
cne of the O+1 regions and being applied to the lecok-up table to

provided the selected coefficient pair.



[0010] According to another aspect of the present invention, a method for
processing an N-bit digital input value generated by an analog-to-digital
converter and generating a digital output signal is described. The digital
input value is in a first unit being an arbitrary unit and the digital output
signal is in a second unit being a natural unit of physical measurement
and being related to the first unit by a first equation and the digital output
signal is for use by a host processor to process information captured by
the analog-to-digital converter. The method includes storing Q delimiter

[OQLRkes in d*ifst AEEMBI DAriGIT BEA mémBRF-wherd fife BX@éiffiiterinvention, a
me VAlesTdividesdhe scange efthe-N-bit digigalinputivadue intQ1QH! regiensated by
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version. of the digital input value,in the first unit to digital output value,
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in the second unit where each set of coefficients includes a
sepalrofsioge hadneffsetrcoefficiéntsrarid béinglassochtedwithraemnent and

belespectiveane of, the, O+ regions,of digjtal input vajues, comparing the. .
_N-bit_digital input value with the Q delimiter values to determine a
A1 fedpetctive 'one ofthe @+ redidiiniRichithé NLBR digitsl “petvalue process
inliessgenesating adirst indexinghparameter having ay Malue dicativeof thery e
resé{)ective one of the %Tr‘(l} reg(i)ons indexing the look-up table using the
i ?n&es&%ag%ﬁar%%? “provide aelécted thEfftient gair 6F SlopB e Y
rooffset coéfficiertsavheretthedirstrindexing parameteris setectedtd des the
=aferale (g deyiae,or popsinepr conversian, providing the N A0l ana o
imput value and the selected coefticient pair of slope
least a first region and a second region in the Q+1 regicns are
of unegual sizes, storing O+1 sets of coefficients in a lock-up
table in a second memory portion of the memory for performing the
numerical value conversion of the digital input value in the
first unit to digital output value in the sscond unit where each
set of coefficients includes a coefficient pair of slope and
offset coefficients and being associated with a respective cne of
the Q+1 regions of digital input values, comparing the N-bit
digital input value with the Q delimiter values to determine a
respective one of the Q+1 regions in which the N-bit digital
input value lies, generating a first indexing parameter having a
value indicative of the respective one of the (Q+1 regions,
indexing the look-up table using the first indexing parameter to
provide a selected coefficient pair of slope and offset
coefficients where the first indexing parameter is selected to
operate the device for non-linear conversion, providing the N-bit
digital input value and the selected cecefficient pair of slope

and offset coefficients to an arithmetic logic unit, and



and offset coefficients to an arithmetic logic unit, and - 5 performing
numerical value conversion at the arithmetic logic unit based on the first
eguation and using the N-bit digital input value and the selected
coefficient pair of slope and offset coefficients to compute a digital output
value in the second unit from the digital input value in the first unit. [0011]
The present invention is better understood upon consideration of the
detailed description below and the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS [0012] Figure 1 is a schematic
Peiagrahiief anbplicar transtBief MWhichithe dita Pr6cedsingdevice afogic

un {he Presentoinventon is-incorperatad,aceordingsto-ene gmbedimentobthes :
present invention. [0013] Figure.2 is a schematic diagram of an_optical

A THRAnSERvET céﬁf?oﬁ&ein%ﬁljnﬁﬁttﬁg o2t prodessihg dévice Of tie Prasén cffset
codmantionrs incarporaied according 16 ohe.embodimertt:of the preseBtcond unit

mvg%ggggé ]tﬂflqure %d Hcates Fl%g\r@ Jgof U.S. Pai;cent Application

%ndis a schematic 1éilagram ewce for perTormlng
numerical value conversion using a look-up table for coefficient storage.
[093345] Figuree4 eftpficates Figare-6 of ULS. Patert Application Io/ 750786

coBdds a:schematic diagram:-ofia devige for-perfarming. numesical value
conversion using a look-up table for coefficient storage according to an

A CORBHTALS BHbSdiAtErt HF the present invention. 6

BRIEF DESCRIPTION CF THE DRAWINGS

[0012] Figure 1 is a schematic diagram of an optical
transceiver in which the data processing device of the present
invention is incorpeorated according to one embodiment of the

present invention.

[0013] Figure 2 1s a schematic diagram of an optical
transceiver controller in which the data processing device of the
present inventicon is incorporated according to one embodiment of

the present inventiocn.

[0014] Figure 3 duplicates Figure 1 of U.S. Patent Application
10/759,786 and is a2 schematic diagram of a device for performing
numerical value cconversion using a look-up table for coefficient

storage.

[0015] Figure 4 duplicates Figure 6 of U.S. Patent Application
10/759,786 and is a schematic diagram of a device for performing

numerical wvalue ccnversion using a look-up table for coefficient

storage according to an alternate embodiment of the present

invention.



[0016] Figure 5 duplicates Figure 4 of U.S. Patent Application 10/759,786
and illustrates a look-up table that implements numerical value
conversion using a piecewise-linear approach. [0017] Figure 6 duplicates
Figure 5 of U.S. Patent Application 10/759,786 and is a graph illustrating
the effect of using the look-up table of Figure 5 to implement a
piecewise-linear approach for approximating a non-linear conversion
relationship. [0018] Figure 7 illustrates the mapping of the delimiter

valyes for the received power parameter to the received power coefficient ,
100 oo T o B e of 8 Froent it TO616) Pighe.c= =10

10 8/is% geaphuildstrafing the: effectioflusiig uthe tuariable: range: lopk<up:tabie
of Figure 7 to implement a piecewise-linear approach for approximating a
P e nar Senyercion T aaahs TDETAIELD DESCRIPTION OF FHEC"
PREFERRED EMBODIMENTS [0020] In accordance with the principles of .
[0Qfd bresert! HvERtiEN “dtats précessity dévice iSes variabfe-fangetrrlication
10 coefficientsdapertorm postceonversionprecessing of an N-bit digitakinpyt tre
value generated by an analog-to-digital converter. The variable range
Lodsetitients ate Used B Perfornt Au %ﬁﬁ%@%ﬁ@c@ﬁ\%ﬁ?%ﬁsﬁﬁérbffﬁifal
appatiein doarbitransunitia andigitah vakieiin @ematocalwnitawhererthea t ionship.
natural unit and the arbitrary unit have a non-linear relationship. The

[oyPgpble range coefficients enable. closgapproximationof.the non-linear.
relationship for improving the accuracy of the conversion. More
vagpeiificafly, the rafige of gkl iisutiaigasisdivitied tho £ afstfalPower

codegionsamhereaach-region issagssocialed withhadespectiver the present

invention.

[0019] Figure 8 is a graph illustrating the effect of using
the variable range loock-up table of Figure 7 to implement a
piecewise-linear approach for approximating a non-linear

conversion relationship.
DETAILED DESCRIPTICN OF THE PREFERRED EMBODIMENTS

[0020] In accorcance with the principles of the present
invention, a data processing device uses variable range
coefficients to perform post-conversion processing of an N-bit
digital input wvalue generated by an analog-to-digital converter.
The variable range coefficients are used to perform numerical
value conversion of the digital value in an arbitrary unit to a
digital value in a natural unit where the natural unit and the
arbitrary unit have a non~linear relationship. The variable
range coefficients enable close approximation of the non-linsar
reiationship for improving the accuracy cof the conversion. More

specifically, the range of digital input values is divided into



set of conversion coefficients. The size of the regions is selected to

realize a close piecewise-linear approximation of the non-linear

conversion relationship, such as a logarithmic relationship. [0021] In one

embodiment, the coefficients are stored in a look-up table indexed by an

indexing parameter. By using a look- up table for coefficient storage,

complex numerical value conversion can be performed with simple and

minimum circuitry. The data processing device of the present invention

can be applied to systems where device size and operation speed is _
UnGGitical. Mareover, CompleX At fical Valde crivErsions Kange © @ respective
setimpfemented-withsimphified eirewitry.. [0022} The fata pracessing deviee 0f

the present invention has many applications and is particularly useful,
=< ¥ CotBIeH D - arldg-TEHgT SaRverer (ABC) o BBt 1o - 100 of the
norposticonyersion datal processing forstherAD €z birthis manheyzan ADGC ¢
reﬁ%’ﬂ%éﬂﬁlﬂqi”g an ADC and a data processing device of the present

invention provides digital output values that are expressed in real-world

units. Host systems interfacing with the ADC system can readily utilize
LOGRE Ligital GutpatvaiTes withd Ut furtiet pr6 £[0023} Furthermdre, - @
lodhedata processing:device of dhe presentinigveatiemean be applieddong a2 look-
p RS conversion,af digital input, values from any data source. Basicaly

F {fié data processing ‘device of the Presentinvention can be used to- €

corcorwericdigital: input valuesrexgiessedh insafirstanitsystemitowdigital ccuitry .
rnoUBUL values expressadin a secand ynit syster. The g2l pracessing .8

device is particularly advantageous when the relationship between the
apHirsEanit Sy StEAT&AE thé SECot Uihit By Sters istAcn-finegrtion speed is

critical. Morecover, complex numerical wvalue conversions can he

implemented with simplified circuitry.

[0022] The data processing device of the present invention has
many applications and is particularly useful when coupled to an
analog-to-digital converter (ADC) to provide post-conversion data
processing for the ADC. In this manner, an ADC system including
an ADC and a data processing device of the present invention
provides digital output wvalues that are expressed in real-worlid
units. Host systems interfacing with the ADC system can readily

utilize the digital output values without further processing.

[0023] Furthermore, the data processing device of the present
invention can be applied to perform conversion of digital input
values from any data source. Basically, the data processing
device of the present invention can be used to convert digital
input values expressed in a first unit svystem to digital output

values expressed in a second unit system. The data processing



[0024] As mentioned above, an analog-to-digital converter typically
generates digital values in an arbitrary unit and the digital values have to
be converted into a real-world unit or a natural unit to be useful. In the
present description, real- world units or natural units refer to units of
physical measurement such as degree Centigrade, volts, ampere,
Decibels and watts. In the following description, the data processing
device is described as being implemented in an analog-to-digital

converter coupled to d{ig;;ize one or more analog data source. However,
dethe ImplerhéntatioR of Hata PROCESSTHR A8VicE Bt thé reSERGIRVERIGH T Letween

thanranalegHde:digital converer is: illustrative Onhy 1R otherembodiments: insax .
the data processing device of the present invention can be applied for

odgftorming nlfmec_jcal value onve,rsioin of %ther gggétgédqtacs%urce ot
Lo e Svouiaen by A A oF A0t Th (e breent GcLbaotan, B irgiar”
tyioutputivaldes of ah ahalogHd-digitak tonverter isirefeired te ug the KDEnd the

ai desults grthedigifalbits.and are. the, digital inputyaluesinjo fhe datay s+ o 4
processing device of the present invention. [0025] Analog to digital
nalcghvérteFs-genérall§ préduce-results fHit aré Aot Ronfpreléndiblecds real-

wo adurah RS Jromexample, ap:ARC: measuringvoltagede g-regolution of
eight bits might have a full-scale value of 11111111 (255 decimal, FF

e }EkagEEmMaly. e GiI-SEdRVaIlE ey 6iEepotitt to’a fGITTECAIE voltage™® -
ano®fda25 voltsT Whern:the-ADEdigitizessa: 1 vottisignal; the digital restliciss ing
a0 arbitrary binary number, such as, 11001100 ,204,

e%ﬁﬁe 18 % SCIL bﬁﬁna

S 'Berng i ments ll"eCEil?l]aclE{ Ccfoge)*(:)é digital
= i 3 1 - - Joted n
ere Is often a need to prodee ﬁwe EB results in a more -Iba -

cowserfrendlyforhsat. For example; dt srofterrdesirablet@log data source.

However, the implementation of data processing device of the
present invention 1in an analog-to-digital converter is
illustrative only. In other embodiments, the data processing
device of the present inventicn can be applied for performing
numerical value conversion of other digital data source whether
provided by an ADC or not. 1In the present description, the
digital ocuitput values of an analog-to-digital converter is
referred to as the ADC results or the digital bits and are the
digital input values into the data preocessing device of the

present invention.

[0C25] Analog to digital converters generally produce results
That are nct comprehensible as natural units. For example, an ADC
measuring voltage to a resolution of eight bits might have a
full-scale value of 11111111 (235 decimal, FF hexadecimal). The
full-scale value may correspond te a full-scale voltage of 1.25
volts. When the ADC digitizes a 1 wolt signal, the digital result
is an arbitrary binary number, such as 11001100 {204 decimal, CC

hex). There is often a nesd to provide the ADC results in a more



display the ADC result for the !-Volt signal as 1000 millivolts (1111101000
binary). [0026] To convert digital values expressed in an arbitrary unitto a
natural unit, a slope/offset conversion equation is often used. The
relationship between the digital value and the natural unit value is
expressed as: DN =m DA + ¢, Eq. (1) where DN is the desired digital
output value in a natural unit, DA is the digital input value to be converted
in an arbitrary unit, m is a slope coefficient, and c is an offset coefficient.
[0027] In the case of. a digitized voltage value, the relationship between

US ¢ digiized Volfag@'Palue if @h &biFEYS ADT uhit ahathe VoRBgeValge t0

didpaiatural uniiccanbe expressedhasiVnaim VARGt GFa.d@) whereivolts
.V, is the desired digital output voltage value in a natural unit (e.g. volts or
(‘n%ﬁl}/gﬁtg)o VADEAS tHe digitized voltage value to be converted in an
arbitrary unit, m is a slope coefficient, and c is an. offset coefficient. When
[0@pplied to The wxample given above where apr@-bitfalkscale ramgerbitrary
un {EPresents, 125 yolts,a slope coefficient-m.0f4.90196 and.an offset s oy s 5
coefficient ¢ of O can be used to perform the numerical value conversion
oL pelveéri the atbiffaRPADE. Ghit and the rrataral Ak, Thuistthe corvesind the

na€guation s givemas: Vins=«£4:90196:VAx, 5 10 When VADC = 204, then Vr,
=1000. [0028] By performing the numerical value conversion, the ADC

result can BI? r:nelgng;gfy”%lexpressed as a value in millivolts. Eq. (1)

where Dy 1s the desired digital output value in a natural unit,
Dy 13 the digital input value to be converted in an arbitrary

unit, m is a slope ceoefficient, and ¢ is an offset coefficlent.

[0027] In the case o0f a digitized voltage value, the
relationship ketwesen the digitized voltage value in an arbitrary
ADC unit and the wveltage value in a natural unit can be expressead

as:
Vo = m Vape + Eg. (2}

where V, 1s the desired digital ocutput voltage value in a natural
unit (e.g. volts or millivoits), Vape 13 the digitized voltage
value to be converted in an arbitrary unit, m is a slope
coefficient, and ¢ is an offset coefficient. When applied to the
exanple given above where an Z-bit full-scale range represents
1.25 volts, a siope coefficient m of 4.901%0 and an offset
coefficient ¢ of 0 can be used to perform the numerical value
conversion between the arbitrary ADC unit and the natural unit.

Thus, the conversion equation is given as:

Vn = 4,00195 VAQC.



The computation of the numerical value conversion is typically performed
by an arithmetic logic unit (ALU), which has built-in multiplication and
addition functions. In conventional systems, the coefficients m and c are
often treated as constants, provided from registers or memory. The
aforementioned “786 patent application describes a device and method
where a set of coefficients m and c are provided and stored in a look-up
table such that the values of the coefficients used for the conversion can
be selected based on other parameters. For example, the coefficients can

heR deRscieddyased 6 the operatitf conditions or parameters of the

system providing the digital values. In this manner, a more accurate
[0GrRMierical Walue=cdrversion darebe realized. [0029]:¥he above €guationse ADC

rediepcring o ineqrdelationelip, ebiean e diolie] UL YRR AN NEs vo o5
converted values, in some applications, the relationship between the
TheyigitMmpLt taries and therchosehset of natifralgRits issnontlinéar Borcally

pe £Xample, an ARC mightdigitize a vgltage signal, it a digital. yalue.ng, s 1 ¢- 1
Decibels (dB) is desired. The relationship between voltage and Decibel is

MU Aog&Rthmie seafb, Hotiinear nt this thts Sthe Mok iRd&r ret&ihshiy stems
th€anderexpressed as applynemial withegoefficientssand exporents ®s, provided
frfO”orV\éS:iVs:'e:rm’ \:/r+ @%%2 + r@%élsag n}4 V4 4£C, Eq. (3),7 ere %/n ig

e dediréd dutp HVAitage Value i DcIbRE s the digitized voitage
apwalusatoibe congerted #r an arbitrary unitd- &k tnbtd mideare theset of

P%V gp&ig\ltgogﬁgig ts agg ci an f&se& ed‘fi%ign% \%{hij% itis <g)s}gi_lole Q1

Cogw §an ALU to eva uaﬁe sgclﬁa p(?[yneom%%, the ?eseu tinlg Aﬁuj?s%su%ﬁy aose
suq@nﬁg@ﬁléﬁ@ values of the coefficients used for the conversion
can be selected based on other parameters. For example, the
coefficients can be selected bassd on the operating conditions or
parameters of the svstem providing the digital wvalues. In this

manner, a more accurate numerical value conversion can be

realized.

[0029] The above equations describe a linear relationship
between the digital input values and the converted wvalues, in
some applications, the relationship between the digital input
values and the chosen set of natural units is non-linear. For
example, an ADC might digitize a voltage signal, but a digital
value 1n Declbels (dB) is desired. The relationship between
voltage and Decibeli is in a iogarithmic scale, not linear. In
this case, the non-linear relationship can be expressed as a

pelynomial with coefflicients and exponents as follows:
vn:m1v+m2v2+m3v3+m4v4+c, Eqg. (3)

where V, is the desired output veitage value in Decibels, V is

the digitized veltage value te be converted in an arbitrary unit,
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large in size making such implementation undesirable. In applications
where speed or device size is critical-, direct calculation using an ALU is
not practical. [0030] In accordance with the principals of the present
invention, a data processing device supports non-linear conversion by
using variable range coefficients that closely approximate a
piecewise-linear conversion. In this manner, highly accurate numerical
conversion results can be obtained at high speed and with simplified
circuitry. [0031] The data processing device of the present invention can

1 B& iftorpofatbdtn BEvariet) ot eledronid défites ahdcduptéd i ai” = >¢t

codanaleg-te-digitaleanverer fos pesfosming precison numerical.walde evaluate
conversion. In the following description, E{\ﬁa data processing device %f the g

> YreSeMinvaiTtion'is’ déscribed as béin mBIe%nSeanéa v ah optical 9" 2°

latransceiver centrolen d heaapplicaticmehthetdata processingdéwice ifran

apD%PE'SQlc franscelver coptroller | ll”c‘jéset(?\i'é@ Oﬂ%eog% 9@91‘%;9%9@ skillin .
‘the art would appreciate that the data processing device of the present

cajyventiohccanbe applied 4o bther slestroriecdeviees for providing accurate
numerical value conversion of digitized data values. [0032] Figure 1 is a

[ ossbematic diagrasa of anepticat transeejver i whichstherdataproeessing

. device of the Qf{eggnt invention is irgi%ogorated according to one

I ERodifent of the present invention. Réferring to Figuré 1) an'dptical

cotranseeiver b12u20hg used iniahcopticad eommfificatiam systemiOtd.osely

ransimitand recelve optical signals on optical fiore cables 12 and 14,
ap%ptﬁ:g?ﬂtransgeiéer %8%%clﬁdes aﬁaager diode ZSGlgml'tting%ﬁght - HeE
highly accurate numerical conversion results can be obtained at

high speed and with simplified circultry.

[0031] The data processing device of the present invention can
be incorporated in a variety of electronic devices and coupled to
an analog-to-digital converter for performing precision numerical
value conversion. In the following description, the data
processing device of the present invention is described as keing
implemented in an optical transceiver controller. The
application of the data processing device in an optical
transcelver controller is 1llustrative only. One of ordinary
skill in the art would appreciate that the data processing device
of the present invention can be applied to other electronic
devices for providing accurate numerical value conversion of

digitized data values.

[0032] Figure 1 1s a schematic diagram of an optical
ranscelver in which the data processing device of the present
invention is incorporated according to one embodiment of the

present invention. Referring to Figure 1, an optical transceilver
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signals representing transmitted signals and a photodetector diode 28
detecting incoming light indicative of the received signals. Optical
transceiver 20 includes an optical transceiver controller 22 for operating
the laser diode for signal transmission and operating the photodetector
diode for reception of the optical signals. Controller 22 is typically
implemented as an integrated circuit and is therefore often referred to as
an optical transceiver controller IC. In operation, controller 22 generates
a bias signal VBIAS and a pair of modulation signals (VMOD+/-) for a
20 |dserdriviér 24. PasePdriGer24 ofives faser 1dibdé P based’ on thé bigssmit and

ravOltage yalua-and dhemodulation,signals. ContrallerA2 eeceivesad 14.
received power signal VRX in the form of a voltage value from

OP hihHotodeteBidT Hiode 267 The feceiel fowdr Sgnaris ifdicaive of e L+oht

s iopiical signak detacted onr-eptical fibeeicabiled4l 0033] Qptical transceiver r

a1 gapuoller.22 Interfaces with.a ost processor 30.via a.dafg e 21. Indhis
manner, optlcé:I transceiver controllet 22 receives control and data S|gnaYs

s 1 from shost§rocessor 3k and hoseprocessorcddifeceives dataiand statasiscelver

coignals from contraller 22. Jn mmany aoplications sthe host pracessar 30

monitors the operational status of optical transceiver 20 and receives

U1 ¥ad Sifhals fréffopiRca Harsteiver 20 maREtive OFthe Stattis ofor reception

of opeating-conditians pf the, opticaktransceiver; The opgrating condiignNSment ed
are usually digitized values of analog data sources, such as voltages,

23 cfrehts 6P température The astiféments “76 £as8 the ConPutafiond =3 ¢ &s an

op butdan ettheshestyprecessor-3Q, itis often desirable:to:piovide dbesecller 22

gefigilized valugs 1o the host pracessoLInfheinnaliral - 1 oqutation signals
(VMOD+/-) for a laser driver 24. Laser driver 24 drives laser
dicde 26 based on the blas voltage value and the modulation
signals. Contrcller 22 recelves a recelved power signal VRX in
the form of a voltage value from photodetector diode 2é6. The
received power signal is indicative of the optical signal

detected on optical fibre cable 14.

[0033] Optical transceiver controller 22 interfaces with a
host processor 30 via a data bus 21. In this manner, optical
transceiver controller 22 receives control and data signals from
host processor 30 and host processor 30 receives data and status
signals from controller 2ZZ. In many appllcations, the host
processor 30 monitors the operational status of optical
transcelver 20 and receives data signals from optical transceiver
20 indicative of the status or operating conditions of the
optical transceiver. The coperating conditions are usually
digitized wvalues of analog data sources, such as voltages,

currents or temperature measurements. To ease the computational
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units. If the digitized data are provided to the host processor directly in
arbitrary units as generated by the ADC, the host processor would have
to perform the post-conversion processing to natural units before the
digitized data can be meaningfully interpreted. [0034] In Figure 1, a
simplified block diagram of optical transceiver 20 is shown. In actual
implementation, optical transceiver 20 may include other components to
support the transmission and reception of optical signals on the optical

fibre cables. The exact configuration of optical transceiver 20 is not ,
burdtiifcaPto theSpratfice BE feSpigsent hvention ST tatadidcessing to provide
+ hedavice gh the-presentinvention is cerparated: i the eptical dranseepef urai

controller integrated circuit to provide numerical value conversion of
unfigitized tatd Colfeciéd by the Eoritrditer. 0381 Hhgure™2 i'a sthematicocessor
didhagraym of:anopticak transceiver eontrelterhinwhich the data.processingrost

r{evice ofthe, present invention is incorperated according 10,00 1 ocessing o
B embodiment of the present fvention. The schematic 1&lllagram of Eigurei 79
nailfustrates ohly thefdata proeessing device ofdhe presenteinventionang: Ly
i n1GOFReNenis of optical transceiver controller pertinent to the data
processing device. In actual implementation, the optical transceiver
controller will include other circuitry nat shown in Figure 2. The exact

oy 3 g £ R
L9 blementaition 8t e optical trifieeiver Somtralier is hof chfical to thé 12+
tr faracticevetthelpresestinventionsit iscanly necassarydhat thesopticak- i cal
« ¢ JfAnscelver coptrolier 'E‘t%'cli‘f’&&ea”o%ﬁ%'ggéc?&%%%%'ﬁtlsf‘ CONVEMEL ¢+ the

generating digitized data that requires post-conversion

transmission and reception of coptical signals on the optical
fibre cables. The exact configuration of coptical transceiver 20
is not critical to the practice of the pressent invention. The
data processing device of the present invention is incorporated
in the optical transcelver controller integrated circuit to
provide numerical value conversion of digitized data collected by

the controller.

[0035] Figure 2 1s a schematic diagram of zn optical
transceiver controller in which the data processing device of the
present invention 1s incorporated accerding to one embodiment of
the present invention. The schematic diagram of Figure 2
illustrates only the data processing device of the present
inventicn and components of optical transceiver controller
pertinent to the data processing device. In actual
implementation, fThe optical transceliver controller will include
other circuitry not shown in Figure 2. The exact implementation
of the optical transceiver controller is not critical to the
practice of the present invention. It 1s only necessary that the

optical transceliver controller includes an analcg~to-digital
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processing. [00361 Referring to Figure 2, optical transceiver controller 22

(controller 22) receive various analog input data source indicative of the

operating conditions of the optical transceiver system. In the present

embodiment, controller 22 receives a first input voltage VRX indicative of

the received power of the optical transceiver system. For instance,

voltage VRX is generated by the photodetector diode detecting the optical

power on optical fibre cable 14 (Figure 1). Controller 22 also receives a

second input voltage VMPD indicative of the voltage of a monitor diode of ‘
COTHE Optitalfrafsceverdsystémt irf fife Gptitaltransceivet systed of Figirerersion
ordgeasmomor photodetector diode (not shown) is typically coupled to laser

diode 26 to monitor the output power of the laser diode. Controller 22

[od§g§ives the monitar yoltage VMPD to monjter.the ‘%P:%rl"i‘g%f%%tysc%troller

laser diode 26. Lastly, controller 22 receives a third input voltage VBIAS
22 indieative ot fie Bias clRfent Supphied to faseradivte 26°Thedsias chifreRte

indfdhe lager diode is monitgred,gnd -adjustedrio ensure Properilasing: ransceiver
operation. In the present embodiment, controller 22 also includes a

SY3&hiperattie SBRsOF TG4 For Redstrnigthe ambierttelfiperaturecceives a

f 1 demperatyrevsensoy d 04z generates aiveltage YEMPrindicative gfdher of the
meaﬁured temperature. %OOB?l Copggller Z%hncludes a sjngle

[ .

Opta‘n%?og-%&ﬁ?gsi‘ta?lc%%i/e?t 7 106 for digitizing the multiple anag i\FlRp}l{Jt‘S
genaitages. Jp that eptd cthecmudtiple mplutvdiages YR, MMPD; BIAS a1l power
on aﬂ?t M. Pﬂ%f@?&%@ %@%‘EE'&%@& 102 Wh'%[‘EBﬁ%E%%E%%E“? P o6

channel to be digitized at a time by ADC 106. Multiplexor 102 is
regohtrolled byed select sighhl SELWwWHichV¥ enerated by a eontfolches voltage of
a monitor diode of the optical transceiver system. In the
optical transcelver system of Figure 1, a monitor photodetector
diode (not shown} 1s typically coupled to laser dicde 26 to
monitor the output power of the laser dicde. Controller 22
receives the monitor voltage VMPD to monltor ‘the coperation status
cf laser diode 26. Lastly, controller 22 receives a third input
voltage VBIAS indicative of the bilas current supplied to laser
dicde 26. The bias current ¢f the laser dicde is monitcred and
adjusted to ensure proper lasing cperaticn. In the present
embodiment, controller 22 alsc includes a temperature sensor 104

for measuring the amblent temperature. Temperature sensor 104

generates a voltage VIMP indicative of the measured temperature.

[0037] Contreller 22 includes a single analog-to-digital
converter 106 for digiltizing the multiple analecg input voltages.
To that end, the multiple input voltages VRX, VMPD, VBIAS and
VIMP are coupled to a multiplexer 102 which selects one input
channel to be digitized at a time by ADC 106. Multiplexor 102 is

controlled by a select signal SEL which is generated by a contrel
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circuit 103 in optical transceiver controller 22. ADC 106 generates ADC

results in N bits and the N-bit ADC results are subjected to

post-conversion processing before being provided on bus 21 to host

processor 30. In accordance with the present invention, a data

processing device 100 is incorporated in controller 22 to provide

post-conversion processing for ADC 106. As such, the ADC system

formed by ADC 106 and data processing device 100 digitizes analog data

. sources and provides digital output values that are expressed in

C1ygaikvold oriatirl tnfts. [6638115at555rocesding tevice’ 00 if:PC 199
gerconirodler 22dneludes ap arithmetic logigunit (ALY -108) witlrbuillsinits are

bmultigli(ciatjpn and addition functions. ALU 108 receives the?N-,bit ADC  ded
et rom "ABC 106 88 16 digital ipti vallie: ALU 108 285 réceivs " +9ed o

buslage tandoffsetcoefficients fidm onerormore taokeep tables 1148, 120sent

mkggkv tahle iS.i e n indexing parameter 211 to ide.
o sele“ct%% 'p;% r cé:‘a]s%pg %%%of s%%%og?f?é?evng[s t%?fg\L%g E)%%.]Eb%ﬁ%p%t%a%lé%
coppislindexed by antindesding i anietaiPI2 ltopovidecs selectddpafsf 106.

as Slope andpifseheoefficients fo, Aldd 108. inthe  presgntembodimente s sing
look-up tables 118 and 120 are implemented as one or more memory

e, gﬁgh 5% Farotn-"Access manfory AAtRe présentermbodmtert 91 tal

outgel-updables Hl8:and -E2Q are-stored in diffesgntparts af asingleura: units.
memory unit. In other embodiments, each look-up table can be

[Od@giem.emf%jtg IB%%%@%%‘% dggvgglésfl%%?’gj Inéh%%%%%%tg 2.2 8i¥1cludes an
embodiment, data processing device 100 includes look-up table 118 for
2T Stoiey coefficients associatsel withbtheweekivied ipower(RXPWR)L Lcation and
sadparameten, That is, the coefficients in laok-up table 118.are used oL\ ¢ rron
numerical value conversion of the input voltage VRX indicative of the
ADGeddifegs the digital input value. ALU 108 also receives slope
and cifset coefficients from one or more look-up tables 118, 120.
Look=-up table 118 is indexed by an indexing parameter P11 to
provide a selected palr of slope and ofiset coefficients to ALU
108. Look-up table 120 is indexed by an indexing parameter P12
to provide a selected palr of slope and offset coefficients to
ALU 108. In the present embodiment, look-up tables 118 and 120
are inplemented as one or more menmory units, such as a random-
access memcry. In the present embodiment, look-up tables 118 and
120 are steored in different parts of a single memory unit. In

other embodiments, each look-up table can be implemented in

separate memory units.

[0039] In the present embodiment, data processing device 100
includes lock-up table 118 for steoring ceoefficients associated
with the recelved power (RXPWR) parameter. That is, the
coefficients in lock-up table 118 are used for numerical wvalue

conversion of the input voltage VRX indicative of the received
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- 16 power RXPWR parameter. Furthermore, data processing device 100
includes lookup table 120 for storing coefficients associated with all other
input values of controller 22, such as the monitor voltage VMPD, the bias
current VBIAS and temperature. [0040] In the present embodiment,
look-up table 120 is indexed in a manner as described in the 1786 patent
application to provide the appropriate coefficients for ALU 108, as shown
in Figures 3-6. For instance, look-up table 120 can be indexed by the
operating conditions of the optical transceiver in which the analog data )
po“&%ﬁr@é@“&eﬁ&%ﬁ‘@@ oF bf theE SystefTRITRich 4Ré 2digRanRpat vaugs s ce 100
in@engsateth suah as:beADCOForexample nin enre emhodiment, 4he pairsted
,%1; coefficients are a fyf_nctiog of the pera%ing‘i]){Eegmger2 fure. A showgkiln
" Figlre 3, e indéXing - parameter P1 cai'be & tempefature VatieTor ~¢
voindepdngihe look:apbtedbte 2010 provide 1he sefettecspeoksiope and
offset coefficients. By using a set of temperature-dependent coefficients,
[0¢ipdq processing deyice-100-enables the ADC system Jodeperatiiie i = indexed
compensate the numerical value conversion. [0041] Alternately, look-up

10335 Caft DeIRAEXER DY AultilE pardhetstsead shBRAliAFEigaR 4°
prdReferingito kigurep4,ia nwltiplexarcar bewsed:-torgatectomne efssevesah in

. parameters to ndex the 'look-up table. In the embodiment shown in
i G016 4 ihich 1§ AUblICALE o e <785 peiim sppdalion (16 I06KEH=e BV
th4ableds indexed-by ditempesatufe pPacameterand a Receieid/Bowen which the
an%gm&é&r&(tgg&l}@g qg)g@r‘i‘%@é%oc{ 704:50%)"1811%(1& g%lgﬁ:lt PII? ewgfgg the
two’indexing parameters based on a Select signal. Thus, indexing
digparametEoP 12 TorlooR-upstabte) $26 (Fijuré 2y tahsrépreséntta seleetedxample,

in oneofmuyltiple.parameters. BY s of coefficients are a function of

the operating temperature. As shown in Figure 3, the indexing

monitor

parameter Pl can be a temperature value for indexing the look-up
table 20 to provide the selected set of slope and cffset
coefficients. By using a set of temperature~dependent
coefficients, data processing device 100 enables the ADC system

to temperature compensate the numerical value conversion.

[0041] Aiternately, look-up table 120 can be indexed by
multiple parameters, as shown in Figure 4. Referring to Figure
4, a muitiplexor can be used to sslect one of several parameters
to index the look-up table. In the embodiment shown in Figure 4
which is duplicated from the ‘786 patent application, the look-up
table 1s indexed by a temperature parameter and a Received Power
parameter (ftop three bits). Multiplexor 74 is coupled to select
one of the two indexing parameters based on a Select signal.
Thus, indexing parameter P12 for lock-up table 120 (Figure 2) can
represent a selected one of multiple parameters. By

incorporating a multiplexer to select between Lwo or more
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incorporating a multiplexor to select between two or more - 17 indexing
parameters, data processing device 100 of the present invention can be
selectively operated for temperature compensation or for non-linear
conversion or other desired compensation. [0042] As described in the
"786 patent application, the look-up tables can be configured to
implement a piecewise-linear conversion that approximates a non-linear
conversion relationship. Figure 5, which duplicates Figure 4 of the "786
_ patent application, illustrates a look-up table 40 that implements
l“%ﬁﬁ@ﬁcéi%ﬂ%@ﬁ@ers%t&siﬁﬁ Apistensedinearappidach. Referringsent
intefigure 4.dao0kwpstable-40-rclydes enities forstorrgpairs ©f stope and

offset coefficients._Look-up taple 40 uses the tap three bits (the most
&4

“orggificant°thre bitdy of e digitaFihptt Vates 16 he Corivetiet 45 the" =
conpeexnag parameter to the memory-based table of coefficient pairs. Using
the top three bits of the digital input values as an indexing parameter

[ocifestivelypartitins-the-range offhe \digitalipput valyssintoequal | «re
regions where each region employs a linear conversion of the digital input

Loqaneto el désifst’ converBd olitpiitVatte ERIEBREY of the-Rokip e ~Linear

cotakledhus inchidesgoeificientssassociaiad withea region-of the digital
'n%ut vallgles. In tgi;; manner, a iecgwge-ljnear conversion is
reig tle% £ 1C

ApletHERTEd to Apprakimate the non-imear reRtionshipbetveen the > 786

pa thgital inputivadue and thé tcoaveded value. {0431l hezeffectLf theat

s mplegewise-linear conversion of Figure 5 is.showninFigure 6, The. . .. .
mdﬁ?te%l%ine curve recf)resenatls %?e %#galﬁogar?tﬂmlfc Conversion from the
apAREBtesultSEL digitized to Figure 4, look-up table 40 includes

entries for stering pairs of slope and offset coefficients.
Look-up table 40 uses the top three bits (the most significant
three bits) of the digital input values tc be converted as the
indexing parameter to the memory-based table of ceoefficient
pairs. Using the top three bits of the digital input values as
an indexing parameter effectively partitions the range of the
digital input values into equal regions where each region employs
a linear conversion of the digital input value to the desired
converted output value. Each entry of the look-up tablse thus
includes coefficients asscciated with a region of the digital
input values., 1In this manner, a plecewise-linear conversion is
implemented to approximate the non-linear relationship between

the digitai: input value and the converted value.

[0043] The effect of the piecewise-linear conversion of Figure
5 is shown in Figure 6. The dotted-line curve represenits the
ideal logarithmic conversion from the ADC results (a digitized
voltage value) to a converted value in dB. The solid-line curve

represents the pilecewlse~linear approximation of The conversicn
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voltage value) to a converted value'n dB. The solid-line curve represents

the piecewise-linear approximation of the conversion - 18 using look-up

table 40 of Figure 5. The use of the most significant three bits of the ADC

result partitions the range of digital input values into eight equal regions,

each region being assigned its own pair of slope and offset coefficients.

[0044] The piecewise-linear approach of Figure 5 uses the most

significant 3 bits of the ADC results as indexing parameter so that the

range of input values is divided into 8 equal regions. While a good
us Indhrokintatith (PtheSdéal (rbfifelidTealized fof “arge ADTE réd\fit Valdes, a
s 1 gignifieantdezratien fromstherideak: profile capresultin regions where thenge of
qics %pxﬁ[ of the iglea[ lprofile,ristes uick I){, as in the re i%r}lsswitgésg@laILADC hein

*Yestn values. Iffﬁtaugr%c%?siﬁg device 100 of th*eegrlesent invention 2" 4

a s dntroduces a varablexrangefceefficientmethdd: for piecevisé< linears .

conversion which improves the accuracy of the approximation of the

[ oY linearyelationship between the. digital - input valuerand the eonverted-ne nost
value. [0045] In accordance with one embodiment of the present

s 19Rvenitioh? the variabletangRTdetficiértmetiod st datas procesEidéics 5°

thal-001s applied to thel apalog-iaputvoltagecMRXd ndicative of thgueceivedions.
power RXPWR parameter. As described above, the received power. .

T PR e P n e o o e, e g e PO e fos

1 a1yea photadicde at the. end pf ansopticdl fibentTherels aimon-finear the ideal

prdR ”?fg'&@ hetween the 9@8@9&%‘1%8%@%@6@?8 cd as .‘ﬁoﬁi@&%ai
and the desired” output result, a value to be expressed in Decibels. To
Profores atearatelyiapprbXimate the nondlines iekationship betweebnitRe result

values. Data processing device 100 of the present invention
introduces a variable range coefficient method for pilecewise-
linear conversion which lmproves the accuracy of the
approximation of the non-linear relaticonship between the digital

input wvalue and the converted value.

[0045] In accordance with cne emboediment of the present
invention, the variable range ccoefficient method of data
processing device 100 is applied to the analog input voltage VRY
indicative of the received power RXPWR parameter. As described
above, the recelved power RXPWR parameter is a measurement of the
amocunt of energy received by a photodiode at the end of an
optical fiber. There is a non-linear relaticnship between the
photodiode’s output (measured as a voltage) and the desired
output result, a value to be expressed in Decibels. To more
accurately approximate the non-linear relationship between the
voltage VRX and the converted result in natural unit (Decibelis),
the data processing device of the present invention amploys

variable range coefficients. Thus, in accordance with the
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voltage VRX and the converted result in natural unit (Decibels), the data
processing device of the present invention employs variable range
coefficients. Thus, in accordance with the - 19 present invention, look-up
table 118 stores the variable range coefficients for the received power
RXPWR parameter. The variable range coefficients and the method for
indexing look-up table 118 will be described with reference to Figures 7
and 8. [0046] Referring first to Figure 8, in the present embodiment, the
range of the received power ADC results is partitioned into eight unequal
pf@ré@?&ﬁs?éﬁ?&ﬂ@?&ioﬁ%‘&fé%e&%ﬁﬁ@n NG iirfear refatibnshipas a2n9e
cod@rgesiepe andavider segions are aispdwwherthemnopslingas relationship
has a small slope. Each of the regions is provided with a set of slope and
Vo OB To b I ey byl Wbt ot JEORC Ry Lok
tahisingl Stnaller regionsder steeply slopedpoitor of:thecidesl profde andend 8.
using larger regions for more moderately sloped portion of the ideal

rowiefle, the:piecewiseslinear-approximationrealized byy coefficients sels,odinent,
_ Coeffs 0 to Coeffs 7 can closely follow the _ideal profile, as shown in L
Ehigies AS aTBSulk s ofedaBCiifate Eofverfethvalae is obdined torar tnto
e iyatue.akthe-ADE: fesits. using dhe eight sgts-akvariable saggehen the non-
1i rclzéca)e];]‘icieer}'[g as_compar d éo cog:ffigients or fixedﬂr g‘iﬁo,nds. In ;th E}eﬂssenit;l e used
ehibodifnent, I0oR-Lip tabie 118 stores the Fightsts of Toefficiantd as
whéSoefhsetr@to- Coeffzset 7o [0Q4 4 THielmethad forseldctinglaset of Each of the
re 98?!'«9%@5%95%'885'%’1@'% 118s 8%Wfs excLibed Wil Leference 1o- s o e
igure 7. In"data processing device 100 of the present invention, the .
Lo range ‘ofthé ADCHesultsisvpartitioned bk divided by Q delimiter By using
smaller regions for steeply sloped porticn of the ideal profile
and using larger regions for more moderately sloped portion of
the ideal profile, the pilecewise~linear approximation realized by
coefficients sets Coeffs G to Coeffs 7 can closely folliow the
ideal profile, as shown in Figure 8. As a result; a more
accurate converted value 1s obtailned fcr ail value of the ADC
results using the eight sets of variable range coefficients as
compared to ceoefficients for fixed regions. In the present
embodiment, lcook-up table 118 stores the eight sets of

coefficients as Coelf set 0 to Coeff set 7.

[0047] The method for selecting a set of coefficients from
lock-up table 118 1s now described with reference to Figure 7.

In data processing device 100 of the present invention, the range
of the ADC results 1s partitioned or divided by @ delimiter
values into Q+1 regions where at least two of the regions are of
unegual sizes. In the case of 7 delimiter values {Delimiter (¢ to
Delimiter 6), 8 regions of ADC values result {regions 0 to 7).

Delimiter 0 to Delimiter 6 are assumed to have monotonically
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values into Q+l regions where at least two of the regions are of unequal
sizes. In the case of 7 delimiter values (Delimiter O to Delimiter 6), 8
regions of ADC values result (regions 0 to 7). Delimiter O to Delimiter 6
are assumed to have monotonically - 20 increasing values. Accordingly,
each of the Q+1 regions is bounded by an upper delimiter and a lower
delimiter, except for the first and last regions which are bounded by an
upper or an lower delimiter only, respectively. Each of the Q+l regions
defined by the delimiter values is associated with a set of coefficients:

INCEGEF SRt 016 et Set - ThSeiset e sEEstl coétickhtSrbnT idkas 3
bodabledl 18; the digitad inpuviatue awhighds the Nwlit ARG fesUulkis, except for
h cognpargd w\i}tih the delimiter valu?fs, to determjne in which Q+1 region the
“Bidital Tip(t\alaé Tied {0048} Réterring 1o Figire™7 the N-bittedaien ©F -
1lovpowelsADE: tesulbisireferred hergin-aslthe RXRWR wvélug:dn ghe presentn s
mbodi e RXPWR value is.compared in limiters_ ..
e hers A Tenon Tt e o et Do R aE <2
coajpperBalirhitec {0G49]F0r instacerwhénihs RXPWR valiuesistiess tidh of

codf f%%%‘r{@éh%§§ﬁ0@@éﬁ@8ﬂte{é@ﬂ@ 1@@'}’“@% 14 'tTQJ@aFﬁ{pm@nvtgfue
first delimiter value - Delimiter 0, the RXPWR value falls into the second

whigHioh(rédisn ) and teCsecoiid: toeflicieitRRE Edeff St Liessigdigy. ter
vaihessameapplies fe caefficient seisGoelt $et 2-6.-Al thedaundariesut value
_ . when the RXPWR value is less than or equal to the first delimiter value -
~*Delimiter 0, the RXPWR value falls into the first region (region 0) and the

first coefficient set Coeff Set O is selected. When
[0048] Referring to Figure 7, the N-bit received power ADC

result 1s referred herein as the RXPWE value. In the present
embodiment, the RAPWR value 1s compared against the delimiters

5

valiues where an in-reglon hit is defined as:
Lower Delimiter < RXPWR <= Upper Delimiter.

[0045] For instance, when the RXPWR wvalue i1s less than or
egual to the second delimiter wvalue - Delimiter 1 -~ but greater
than the first delimiter value - Delimiter {, the RIPWR wvalue
falls intc the second region {region 1} and the sescond
coefficient set Coeff Set 1 is selected. The same applies to
coefficient sets Coeff Set 2-6. At the boundaries, when the
RXPWR wvalue is less than or equal to the first delimiter value -
Delimiter 0, the RXPWR value falls into the first region (region
0) and the first coefficient set Coeff Set 0 is selected. When
the RXPWR wvalue is greater than the last delimiter value -
Delimiter 6, the RXPWR value falls into the last region {(region

71 and the last ccoefficient set Coeff Set 7 is selected. In this



the RXPWR value is greater than the last delimiter value - Delimiter 6, the
RXPWR value falls into the last region (region 7) and the last coefficient
set Coeff Set 7 is selected. In this - 21 manner, the received power ADC
result RXPWR is used to determine which coefficient set to use for the
numerical value conversion. [0050] In the present embodiment, the
delimiter values partitioning the range of ADC results are user
programmable so that the desired size of each region can be defined to
allow close approximation to the ideal profile. Fine and coarse regions

manGfirhe tefindd SotHaftH pieEeRile- edrdpproxifation folfdivs thetetermine

wh NaN-trearTelationshipelosely. {ROXL] Figure 2 illustratesiorne methedofersion.
implementing the variable range coefficients in data processing device

[oggif;of conproller. 22 Returning o Figyre. ¢, the, delimitervalues for, the,
regelyed power RXPWR parameter are stored in a memory unit 114,
pasychigdaset bhfegistets MENYFY uAitsHIYCcari be pavest e gamanable so

thAReMQLy staring.lgok-up.table éé@_@%‘&%ﬂ‘pc@?'%ézge_%%&é”_th? allow
formed by a separate memory unit. Data processing device 100 includes
clesomiparatdr 112 Yeteivingthe NIFEADES tésultfrom’ ADE 166 and®is6

redeeelvingsthegeceaivedrpower defimitet valuesdeammemory ¥ait 1o roxination
o hen thgl ADC resultis_the R_XI?tWR parameter, comparator 112
O coRipares ThE \ibit A5 E et Witk dachor the KXPWR delimiter values
in turn. In the present embodiment, the RXPWR delimiter values are
[0gRdVided t6 conigaratorl 112 Wi ofder feorn the Sheallest valuelwrthetargest e

vavalie. £ach, fime.a delimiter valus is provided to.comparaterliza oo of

counter 116 increments its count once. [0052] In the present
CO%Eﬂ%%ﬁﬁﬁwﬁ%mheﬁ%ﬁ?ﬁﬁﬂﬂﬂﬁiQaﬁ%ﬁgre Z, the delimiter values for

the received power RXPWR parameter are stored in a memory unit
114, such ds a set of registers. Memory unit 114 can be part of
the same memocry storing look-up table 118 and lock-up table 120
or it can be formed by a separate memory unit. Data processing
device 100'includes a comparator 112 receiving the N-bit ADC
result from ADC 106 and also receiving the received power
delimiter values from memcry unit 114. When the ADC result is
the RXPWR parameter, comparator 112 compares the N-bit ADC result
with zach of the RXPWR delimiter values in turn. 1In the present
embodiment, the RXPWR delimiter values are provided to comparator
112 in order from the smallest value to the largest value. Each
time a delimiter value iz provided to comparator 112, a counter

116 increments its count once.

[0052] In the present embodiment, when the RXPWR value 1s
smaller than or equal to the delimiter value, comparator 112
asserts the comparator output signal which 1s coupled tTo counter

116. When the comparator output signal is asserted, counter 116
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smaller than or equal to the delimiter value, comparator 112 asserts the

comparator output signal which is coupled to counter 116. When the

comparator output signal is asserted, counter 116 - 22 outputs the count

value as the indexing parameter P11 to index look-up table 118 to

retrieve the selected coefficient sets. [0053] For example, assume that a

first RXPWR value is less than the first delimiter DLMO. The first RXPWR

value is provided to comparator 112 while the first delimiter DLMO is also

provided to comparator 112 and the counter has a count value of 1. .
CUTEShDardtor 133 HssEftS S domparatoroatput Sighar aid tolinfer 1116 1ndex

1otiputs:thiecount yalte efl ta mgex-dnek-wpitable-k18: cHier firstset afets.
coefficients Coeff Set O is thus retrieved. [0054] Now, assume that a

[ogsPnd RXEWR yalye s grealerfhap; the fQ“E‘E&%‘”ﬁE@@%M&S&Q 1885 1655

than the fifth delimiter DLM4. The second RXPWR value is provided to o
thagpmiparaforrBR2 dhiléthé sfirsPiofifth BefimftersDLMOMFaréadlse 15 provided

to %9%@5949&9”1@% CHe gl i_él%ﬂbtuf@-;@@u&@![ 116:has agaunt valye of S rovided
by the time the fifth delimiter DLM4 is provided. Comparator 112 asserts
L0 i{sCBBmFar Afor btp it sighalvhe it 1§ tefcrmired thit the detsna t *-

CorSPYWR valueris-less than e equatiodhefifth delimiter RliMAa Coawietounter
. 416 outputs the count value of 5 to jndex look-up table 118. The fifth s -
11 oﬁ% i quéﬁ@%F4ﬁ§¥u o) q,§ ﬁﬂé%ﬁT% gk 5] %Re ?HB. The

of Coefficiénts hids Fatrieved. BTéfridvec
f 1 coefficientsetds plovided ta ALLL 208 t6 eperforimentumericakvatueved.
conversion of the RXPWR ADC result. When the ADC result is not the

[odBETWR pasameterdutds digitized valuerof etherdata.sowees, dal@ter than
processing device 100 retrieves the coefficients from Ioo.k-u%table 120
thqoﬁﬂEEﬁfogﬁ%&%H%gﬁngpgé but less than the fifth delimiter DLM4.

The second R¥PWR value is provided to ccomparator 112 while the
first to fifth delimiters DIM0O-4 are zlso provided tc comparator
112 in turn. Counter 116 has a count value of 5 by the time the
fifth delimiter DLM4 is provided. Comparator 112 asserts its
comparatcr output signal when it is determined that the second
RXPWR wvalue is less than cor egual tTo the fifth delimiter DLM4.
Counter 116 outputs the count value of 5 to index look-up table
118. The fifth set of coefficients Coeff Set £ is thus

retrieved.

[0055] The retrieved coefficient set is provided to ALY 108 to
perform numerical value conversion of the RXPWR ADC result. When
the ADC result i1s not the RXPWR parameter but is digitized wvalue
of other data sources, data processing device 100 retrieves the

coefficients from look-up table 120 for ALU 108 in the mannsr as

+

¢

described above and in reference tce the Y786 patent application.
The coefficients provided by look-up table 118 and look-up table

120 are coupled to a multiplexor 107 which selects elther
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described above and in reference to the "786 patent application. The
coefficients provided by look-up table 118 and look-up table 120 are
coupled to a multiplexor 107 which selects either - 23 coefficients for the
received power RXPWR (lookup table 118) or coefficients for other data
sources (lookup table 120). Control circuit 103 in optical transceiver
controller 22 generates the select signal SEL2 to operate multiplexor 107
to select the appropriate coefficients for use by ALU 108 for performing
numerical value conversion of the ADC result. When the received power

COSTARTERBI BiRg PRcERet Hifkiplex6r 167 S8R cts P daeffitidrits 118) or

codtamdockupstable 148nWhemmethes gata seurcesarepbeiggiyocessed, control
, mulnglexor 107 selects the coefficients from lookup table 120. [0056] In

1316 present iftdistration; the ESE\?&%@&Ve@sEjlt%?FbtrﬁOAE@rlo%?mg Arates the
selunits aredypically stored inpamemorynd 0] suchas registers. Hdstct the

rocessqr r30 car%gwen retrlev the data stor %n{rb%m 110 t%obtaln
ap}:gta s and oﬁeratlnjgcc:b%dltlon mfoPmauoK %out optlc%tra ceiver 0

nurgphtroflér 221 [0057 Thewsecof vatidble range coeffidients drauniérdcateceived
powalue,conyersion inaccordance with the data, pracessing 4evige of o 1 oot s the

present invention provides humerous advantages not realized by prior art

cosystemsIFiFstt by pattitidfiiny e fdhge 6F ADED pEs i ifito GRéqualcurces are

be T8gi0RSo thesaeeyragy of pumerical valuesconvarsioncan-be greatlncs from
improved. The size of each piecewise- linear partition and the total .

Lopfitfhdry &Jﬁarnﬁgns can be optimized to accurately approximate the full
range of digital input values. [0058] Second, a fast and efficient data
[0§h6dessingdevice igresent illustration, the converted results from

ALU 108 in natural units are typically stored in a memory 110,
such as registers. Host processor 30 can then retrieve the data
stored in memory 110 to obtain status and operating condition

information about optical transceiver controller 22.

[0057] The use of varlable range coefficients for numerical
value conversion in accordance with the data processing device of
present invention provides numerous advantages not realized by
prior art systems. First, by partitioning the range of ADC
results into unegual regions, the accuracy of numerical value
conversion can be greatly improved. The size of each piecewise-—
linear partition and the total number of partitions can be
optimized to accurately approximate the full rangs of digital

input values.

[0058] Second, a fast and efficient data processing device is
realized by using unegual partitions to better approximate the
non-linear conversion. While it is possible to implement

piecewise-linear conversion by providing many fine, equal sized
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realized by using unequal partitions to better approximate the non-linear
conversion. While it is possible to implement piecewise-linear conversion
by providing many fine, equal sized - 24 partitions, such an
implementation will create a large memory requirement and a heavy
computation burden. The variable range coefficient method of the present
invention optimizes accuracy with speed and simplicity of implementation.
[0059] Finally, by using a look-up table for coefficient storage, complex
numerical value conversion.can bgg_erformed ith simple and minimum

P2Tircuity), As & Tesult an dptimized - coefficieht g#or%é%arﬁé’cﬁanﬁér%% memory

reqealizetcfor efficient hemrericabvalueacanversiondf0060] The aboveable range

codetailed desgrintions are proided to. flustrate specific embodiments of .., .
the present invention and are not intended to%e limiting. Numerous

wihodifieatiorns dnd [oariatiohswithin tHe seBpa of tHeopresent invention are
possible. For example, in Figure 2, optical transceiver controller 22

[ooscigdes a loakup tabled: 8. for storing: corffictents fartheeceived powem+

<t raarlargett?:roffl&n a Io%ku eEfajpclje 1120 or storing coefficients for other d té;\r od with
SOUPCES, SUCH &S the Monitor voitage VMPD), the bias Sirent VBIAS §Ad .

s itterhperatdrei hookop tabledR0ris optibnakand msiillustrativeoonlymireether

co€fabodiments, {be nptical tansaelyer,contrallet gy QRErale PIY: A0 rume a1

single parameter, such as the received power parameter. 1n that case,
va lgskupreabte 1201s not needed and multiplexor 107 is also not needed.
The output of lookup table 118 can be provided directly as input data

[ovalues to Akl 1084006 tERe present iventionns defised byth@ed to
i1§9§§?g%g spacific embodiments of the present invention and are
not intended to be limiting. Numercus modifications and
variations within the scope of the present invention are
possible. For example, in Figure 2, optical transceilver
controller 22 includes a lookup table 118 for storing'
coefficients for the received power parameter and a lookup table
120 for storing coefficients for other data sources, such as the
monitor veltage VMPD, the bias current VBIAS and temperature.
Lookup table 120 is optional and 1s illustrative only. In other
embodiments, the cptical transceiver contrcller may operate only
cn a single parameier, such as the recelved power parameter. In
that case, lookup table 120 1is not needed and multiplexor 107 is
also not nesded. The ocutput of lockup table 118 can be provided

directly as input data values to ALU 108.

[0061] The present invention is defined by the appended

claims.
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claims. - 25 CLAIMS I claim: 1. A device for processing an N-bit digital
input value generated by an analog-to-digital converter and generating a
digital output signal, the digital input value being in a first unit being an
arbitrary unit and the digital output signal being in a second unit being a
natural unit of physical measurement and being related to the first unit by
a first equation, the digital output signal for use by a host processor to
process information captured by the analog-to-digital converter, the

CL%evice comprising: a memory comprising a first memory portion and a
dedond memory portion; the first memory portion having stored thereon Q

delimiterlvalues, the Q delimiter values dividing the range of the N-bit
digital input value into Q+l regions, at least a first region and a second

region in the Qzlregions being, of uaequial-gizes: the sgeand memary, - 41ue
portion having stored thereon a look- up table storing Q+l sets of

IESEHGBASIOr PRrRmhRE TRANEHEH ValueCommsrsion otiRe aigitaf fputy 2

divalug in the: dirst unigteathe digitalouputvalue in the,secand.unit,ceagh ; £irst
set of coefficients comprising a Qoefficien}te%air of slope and offset

UrCTeiGEHES Afd Bl dSSoriated withd fespeltive bie of @t FégiBAs being
irofdigitaldngutvaluese theylookeup table beingrindexed by a-first indexingment and

pAAEMEteL lo.pravide g selacted coefficient pAINATSIPE  otion, the digizal
output signal for use by & host processor to process information
captured by the analog-to-digital converter, the device
comprilsing:
a memory comprising a first memory portion and a second
memory portion;
the first memory portion having stored thereon ¢
delimiter values, the Q delimiter values dividing the range
of the N-bit digital input value into Q+1 regions, at least
a first region and a second region in the Q+1 regions being
of unegual sizes;
the second memory portion having stored thereon a look-
up table storing 0+1 sets of coefficilents for performing
numerical value conversion of the‘digital input value in the
first unit te the digital cutput valus in the second unit,
cach set of coefficients comprising a coefficient pair of
slope and offset coefficients and being associated with a
respective one of the 0+1 regicns of digital input values,
the look~up table being indexed by a first indexing
parameter to provide a selected coefficient pailr of slope

and offset coefficients, the first indexing parameter being
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and offset coefficients, the first indexing parameter being - 26 selected to
operate the device for non-linear conversion; and an arithmetic logic unit
receiving the N-bit digital input value in the first unit and the selected
coefficient pair of slope and offset coefficients from the look-up table in

the second memory portion, the arithmetic logic unit performing numerical
value conversion based on the first equation and computing the digital

output value in the second unit using the N-bit digital input value and the
selected coefficient pair, wherein the N-bit digital input value is compared
with The 3 defimiter VRS ™® determings fespettilebneldidhe Gepversion;
regiansdn which the N-bit digital input value lies and the first indexing

parameter Q%s grv.atl e ir]cd.i%at'vg of the_respective one of,tge 3{' gergion,s tal
and being applied to the “Took-Up table to provided the'Seletfed codfficigne 12
pair. ;e device of claimel, WhereinithetN<bitidigital inputvalue coefficient
comprises 3 Fecaiypd payer yae of an opicaltanscepver, 3. Thedevice . ) o
as claimed in claims 1 or 2, further comprising: a comparator receiving

the N-bit'digitalarpacyalgacand Bemparing the N-bit digits fputhvadietoinit

at legst.one-of the Q.delimiten valyes the Q-Aelimiter valles Peing e £irs:

provided to the comparator successively from}he smallest delimiter value
to th& HryesPlefiteFaIIB Y cbhfpdtatdt BaseftiHgPd Boffiparator the
outpytsignal when the N-pit-digital-pput valyeis lessthan atespecive +he
de“nygrected coefficient pair,
wherein the N-bit digital input value is compared with
the Q delimiter values to determine a respective one of the
Q+1 regions in which the N-bit digital input value lies and
the first indexing parameter has a value indicative of the

respective one of the Q+1 regions and being applied to the

loock-up table to provided the selected coefficient pair.

2. The device of claim 1, wherein the N-bit digital input

value comprises a received power value of an optical transceiver.

3. The device as claimed in claims 1 or 2, further
comprising:

& comparator receiving the N-bit digital input value
and ;omparing the N-bit digital input value to at least one
of the Q delimiter wvalues, the O delimiter values being
provided to the comparator successively from the smallest
delimiter value tc the largest delimiter value, the
comparator asserting a comparator output signal when the N-
bit digital input value is less than a respective delimiter

value; and
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value; and - 27 a counter providing a counter output value, the counter

output value incrementing each time a delimiter value is provided to the
comparator until the counter output value is asserted, wherein the first

indexing parameter comprises the counter output value where the

counter output value corresponds to the Q+1 sets of coefficients stored in

the look-up table. 4. The device of claim 3, wherein the comparator

asserts the comparator output signal when the N-bit digital input value is

less than or equal to a respective delimiter value. 5. The device of claim 3,

wherein when e it SiGREEThpt ValneisTafder tHaR e Hfgdsy the counter
delimitervalue sthedirsh dndendng patareeter selegts theilast setelr vaiue is

coefficients, the last, set of coefficients for performing numerical value

con\%rrgi%ﬁ 06? the Iargest%%lﬂjoeasriarll ﬁg rgﬁge of N2bit %?gl’itt% ﬁﬁu?%ﬁ%%. value is

6.TW§§@Vkedﬁsmhﬁwedh1ahypﬁéﬂﬁﬂhe@ng@m@ﬂp&rdmﬁhem comprises the
comprising:. 2 C&%@ﬁi@@%fﬁ%‘%ﬁ%@& Nt de%%'egwoﬁaé%% and, ;.

comparing the N-bit digital input value to at least one of the elimiter

valués the @ eefimite? valiresbiging eprovidedocthé cohspdratortored in the

successivelyfremthe largest delimiter value to the smallest delimiter

value, the comparator asserting a comparator output signal when the N-

bit digital inﬁgt vglue.isegre@ter han aljres %ctive. deIi[;rlmiter value; and a .

countér providing & countsr ottput Valie, the E5dhter ButFafvaie -oF asserts
thiacrementing eaclkrtinte:a delignitel valusnisthe N-bit digital input value

is less than or egual to a respective delimiter value.

5. The device of claim 3, wherein when the N-bit digital
input value is larger than the largest delimiter value, the first
indexing parameter selects the last set of coefficients, the last
set of coefficients for performing numerical value conversicn of

the largest wvalues in the range of N-bit digital input values.

& The device as claimed in any one of the above claims,
further comprising:

a comparator receiving the N-bit digital input value
and comparing the N-bit digital input value to at least one
of the Q delimiter values, the  delimiter values being
provided to the comparator successively from the largest
delimiter value to the smallest delimiter value,.the
comparator asserting a comparator output signal when the N-
bit digital input value is greater than a respective
delimiter wvalue; and

a counter providing a counter output value, the counter
output value incrementing each time a delimiter value is

provided to the comparator until the counter ocutput value is
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provided to the comparator until the counter output value is - 28
asserted, wherein the first indexing parameter comprises the counter
output value where the counter output value corresponds to the Q+lI sets
of coefficients stored in the look-up table. 7. The device of claim 6,
wherein the comparator asserts the comparator output signal when the
N-bit digital input value is greater than or equal to a respective delimiter
value. 8. The device of claim 6, wherein when the N-bit digital input value
is smaller than the smallest delimiter value, the first indexing parameter

seleBtsihie first set bt tobfticketits I 1RE first et 6f BdeffticiSfeit comprises the

perferming stimerigal vaiuel wonvatsien ohthe-smallest values:in thelrange
of N-bltrdrlgltal input vaIL%ebs 9. 'me dewceo? clalr:%ed in.any one of the

Wherei SNersion fromthe wrbitrary » the

cCO sgo o e .sqts ﬁ@
above'claims,” wherein the numeérical value co
unit toodhe maturaburit has a non-linear relationship and the Q+l sets of
coefficients implements the numerical value conversion in a

piecewise-kngardashien approximating, thenonslinear, relatignshin 1Q. o sserts
__The device of claim 9, wherein the look-up table stores the Q+l sets of
o ethtiBAtfor & Pt of fissr sagtiants orierfornfidgtied ! 1nput value
i spigeewiserlingar mumerical valua-canversion: eaeh linearsegrientbeirg
described by the equation DN = m DA + ¢, where DA is the digital input

valug, DN isythe digjtal uiut valug, o is 3 slope, co¢ gcr!ﬁ%%ae”%%% Ndigital
_ offset coefficient for the respective linear segment, and the Q+| sets of
LngaEfficiehtscoripages: O+t setsaf doefficieptpaips; elchiniter value, the

first indexing parameter selects the first set of coefficients,
the first set of ccefficients for performing numerical value
conversicn of the smallest values in the range of N-bit digital

input values

9. The device as claimed in any one of the above claims,
wherein the numerical value conversion from the arbitrary unit %o
the natural unit has a non-linear relationship and the ¢+l sets
of coefficients implements the numerical value conversion in a.
piecewise-linear fashion approximating the non-linear

relationship.

10. The device of claim 2, wherein the look-up table stores
the Q+1 sets of coefficients for a plurality of linear segments
for performing the pilecewise~linear numerical value conversion,
each linear segment being described by the equation Dy = m Dy +
¢, where D is the digital input value, Dy is the digital output
value, m is a slope coefficient and ¢ is an offset coefficient
for the respective linear segment, and the Q+1 sets of

coefficients comprises Q+1 sets of ceocefficient pairs, each
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- 29 coefficient pair comprising a slope coefficient and an offset
coefficient for the respective linear segment. 11. The device of claim 9,
wherein the non-linear relationship comprises a logarithmic relationship.
12. The device as claimed in any one of the above claims, wherein the
first region has a first range of N-bitdigital input values and the second
region has a second range, larger than the first range, of N-bit digital
input values, the digital input values in the second region being greater
than the digital input values in the first region. 13. A method for
Coﬁr%fcégéﬁ"]@%ar?ﬁ%it afiaF irpit Vafue® Yengrdted by dntanalogo-digitat fset
coeanverterrandrgenenating s ghigital patput:signal sthendigital input value
being in a first unit being an arbitrary unit and the digital output signal

being, in asecond ynit being anatyral unifof phygical measurement.and
being related to the first unit by a first equation, the digital output signal

refop U5eTHPA MoSEPRICESSEr fo protess ifoimaticn scaptireaipy: the
analog-to-digital converter, the method comprising: storing Q delimiter

values in aTfitst memory pottien af ememonynthecQdelimitef vallesre claims,
dividing the range of the N-bit digital input value into Q+l regions, at least _
whg ﬁ?sltnretg}fgnagﬁ Satséfc?(ﬁfbopeg%% inathgléii regionhs boe}Fné\9 of Unegtiaf -2t input
vagizes; storing i@+ setsoficaefficient$:msa dookeup table imoe sedendier than the
fi@?@%rpgoéﬁ'o%QLH‘—?%EF&”&%%J?EP?E,f%%ﬂ gghe aumepgalvalue, .. 5 oo

conversion of the digital input value in't Irst unit to dlglta? output value
vajpauhe seeopRdauniteasl region being greater than the digital input

values in the first region.

13. A method for processing an N-bit digital input value
generated by an analog-to-digital converter and generating a
digital output signal, the digital input value being in a first
unit being an arbitrary unit and the digital output signal being
in a second unit being a natural unit of physical measurement and
being related te the first unit by a first equation, the digital
output signal for use by a host processor to process information
captured by the analog-to-digital converter, the method
comprising:

storing Q delimiter values in a first memory portion of

a memcry, the Q delimiter values dividing the range of the

N-bit digital input value into Q+1 regions, at least a first

region and a second region in the Q+1 reglons being of

unequal sizes;
storing Q+1 sets cf coefficients in a look-up table in

a second memory portion of the memory for performing the

numerical wvalue conversion of the digital input value in the

first unit to digital output wvalue in the second unit, each
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- 30 set of coefficients comprising a coefficient pair of slope and offset
coefficients and being associated with a respective one of the Q+1
regions of digital input values; comparing the N-bit digital input value with
the Q delimiter values to determine a respective one of the Q+1 regions
in which the N-bit digital input value lies; generating a first indexing
parameter having a value indicative of the respective one of the Q+1
regions; indexing the look-up table using the first indexing parameter to
provide a selected coefficient pair of slope and offset coefficients, the first

indeXinlg pHraffier bEMY" SEectdtP ol Speraté te 8évics f6rtomfingart slope
conwversiopr praiding dhe IN-bif-digitalinputamdue apddhe -selected:n 5
coefficient rgair of slope ar%c;l %I)gset caoefficients to an arithmetic logic unit;

a

and perBFming fumercarvaltg cohversion St thearithirictic? logic BHit vatues:

based on thefirst equatiohand-usingdhe N=bit digitakinputvalue ard thiee ¢

selected.coefficient pair of .slope and offset coefficients to compute .

o e e A s i mene 241

first mitﬁ.iImST Hélmét-h@éil otbl@iﬁﬁ*i&t‘/vh?é@iiﬁmb I\ilrbi*[t_idtigiitallmpuﬂ vvalue

comprises gdgeehied Roveer palug of anplicyl LABSEENEL: 1218 » walue
igita

method as claimed in claims 13 or 14, wherein comparing the N-bit I
input-ValtiE ity the”d déimitérsvakiestd deiériine td fespettive shatot/
the Q+1 regigns in which dhe MN-bitdigitaldnput alue, lies omprisesinddxing

parameter to provide a selected coefficient palr of slope
and offset coefficients, the first indexing parameter being
selected to operate the device for non-linear conversion;

pxoviding the N-bit digital input wvalue and the
selected cecefficient pair of slope and offset coefficients
to an arithmetic logic unit; and

rerforming numerical value conversicn at the arithmetic
logic unit based on the first eguation and using the N-bit
digital input value and the selected coefficient pair of
slope and offset coefficients to compute a digital output
value in the second unit from the digital input value in the

first unit,

14, The method of claim 13, wherein the N-bit digital input

value comprises a received power value of an optical transceiver.

15. The method as claimed in ¢laims 13 or 14, wherein
cemparing the N-bit digital input value with the Q delimiter
values to determine a respective one of the Q+1 regions in which

the N-bit digital input value lies comprises:
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providing the Q delimiter values successively from the smallest delimiter

value to the largest delimiter value to be compared with the N-bit digital

input value; comparing the N-bit digital input value to at least one of the Q
delimiter values; asserting a comparison output signal when the N-bit

digital input value is less than a respective delimiter value; counting the

number of delimiter values having been provided for comparison with the

N-bit digital input value until the comparison output signal is asserted; and
generating a counter output value being the first indexing parameter

where the dothterottput Value E6rréSpdids frthesO+Fets df tbBfiicientson the

storeghinithes lookaup table r16:aThe methed of claim dd; fuitheriter value to
comprising: when the N-bit digital input value is larger than the Iar.gest

deliniter VAIGE rdviting tHe first mtexiry htarheterts seléct e last set

of coefficientsptheclasty setof geefficients faragerforping nemesicatvalueicast one
conversion of the largest values in the range of N-bit digital input values.

17. ﬁw%s r%%?h d %%alcgf’gllrln%%hinvfn%/ugﬁé of claims 13 to 16, wherein .
comparing #wsNbit digital inpupwaluscwitiy tieo@t defigitet values tohe N-bit
deterrmine:a fespesive predl the QJeaians, WpLEDENDL digidl,; o

input value lies comprises: providing the Q delimiter values successively

from¥Ré Uargest delimiter value to the smallest delimiter value to be

compared with the Nobit digitalinput valueje1imiter values having been
provided for comparison with the N-bit digital input value
until the comparison output signal is asserted; and
generating a counter output value being the first
indexing parameter where the counter output value
corresponds to the Q+1 sets of coefficients stored in the

look-up table.

16. The method of claim 15, further comprising:

when the N-bit digital input value is larger than the
largest delimiter value,_providing the first indexing
parameter toc select the last set of coefficients, the last
set of coefficients for performing numerical value
conversion of the largest values in the range of N-bit

digital input values,

17. The method as claimed in any one of claims 13 to 16,
wherein comparing the N-bit digital input value with the Q
delimiter values to determine a respective one of the ¢+l regions
in which the N-bit digital input value lies comprises:

providing the Q delimiter wvalues successively from the
largest delimiter value to the smallest delimiter wvalue to

be compared with the N-bit digital input value;
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- 32 comparing the N-bit digital input value to at least one of the Q

delimiter values; asserting a comparison output signal when the N-bit

digital input value is greater than a respective delimiter value; counting

the number of delimiter values having been provided for comparison with

the N-bit digital input value until the comparison output signal is asserted:;

and generating a counter output value being the first indexing parameter

where the counter output value corresponds to the Q+l sets of coefficients
stored in the look-yp table. 18, The method of claim 17, further
comprising“WhHer thE N-bit didital iriput Vahleis sthater than ihe Snalfesteast one
delimitervadu€, providing the first inglexing parameter to select the first set

of coefficients, the first set of coefficients for, performing numerical value N
conversion o %r%ereg%nna leSt valuss in the range of -%}tg%i"lglta‘l\%n ut (L/%ﬁjelgfblt
19. THekletRod aselairetiia dny oneof ekins 48 to 18 swhereinstatingimiter
Q+l sets,of coefficients in a look-up table in a second memory portion of

the memory for performing the numerical value conversion of the digital

input value 57t first uhitto"digRaFoGtpuEvalie i ¢he Sedord uhitving been

comprises: stering Q@+ seiseficosificients inthe togk-up fable- whereip the ;1 1,e
numerical_value conversion from the arbitrary unit to the natural unit has a

non-HA&ar refatforisfiPand SRR plirditf of dS8Hidients imMplemERES tHend

numerical vadterating a counter output value being the First
indexing parameter where the counter output value
corresponds to the Q+1 sets of coefficients stored in the

look-up table.

18. The method of claim 17, further cemprising:

when the N-bit digital input value is smaller than the
smallest delimiter value, providing the first indexing
parameter to select the first set of coefficients, the first
set of coefficients for performing numerical value
conversion of the smallest values in the range of N-bit

digital input values.

13. The method as claimed in any one of claims 13 to 18,
wherein storing Q+1 sets of coefficients in a look-up table in a
second memory portion of the memory for performing the numerical
value conversion of the digital input value in the first unit to
digital output value in the second unit comprises:

storing Q+1 sets of coefficients in the lock~up table
wherein the numerical value conversion from the arkbitrary
unit to the natural unit has a non-linear relationship and

the plurality of coefficients implements the numerical value
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33 conversion in a piecewise-linear fashion approximating the non-linear
relationship. 20. The method of claim 19, wherein storing Q+1 sets of
coefficients in a look-up table further comprises: storing coefficients for a
plurality of linear segments for performing the piecewise-linear numerical

value conversion, each linear segment being described by the equation

DN = m DA + c, where DA is the digital input value, DN is the digital

output value, m is a slope coefficient and c is an offset coefficient for the
resp%%tivxgellifnelaor sggment iv%ké%@insgh_ Qﬁr(legets fc‘)ag‘sckcl)efficients compristge,s h
a pIuraTl]lty ofscoeq‘ficieniapglrs, each coe ﬁcienttpalr c&rﬁﬁri%ﬁaﬁ(}é%ﬁ% +ng the
coefficientlamdan offskt toefficient for the respective linear segment. 21.

The method as claimed in any one of claims 13 to 20, wherein the first

regiorchas eufisstiangeofd¥-bitidigital iaput, yalesand the:secopdiregion; ¢
has a second range, larger than the first range, of N-bit digital input

CRiatdes YRE Yigitdl iIfputoVAIUEE it B0 Sedord fedior Bty greater than

the digital inputrvakjesde tite fiisitegionod4a plurality of linear segments
for performing the piecewise-linear numerical value
conversion, each linear segment being described by the
equaticn Dy = m Dy + ¢, where D is the digital input value,
Dy is the digital output value, m is a slope coefficient and
¢ is an offset coefficient for the respective linear
segment,

wherein the Q+1 sets of coefficients comprises a

pilurality of coefficient pairs, each coefficient pair
comprising a slope coefficient and an offset coefficient for

the respective linear segment.

21. The method as claimed in any bne of ¢laims 13 to 20,
wherein the first region has a first range of N-bit digital input
values and the second region has a second range, larger than the
first range, of N-bit digital input values, the digital input
values in the second region being greater than the digital input

values in the first region.
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