1 13 Cctober 2003 SYSTEM AND METHOD FOR LOGRI THM C DI G TAL TO ANALOG
CONVERSI ON FI ELD OF THE | NVENTI ON The present invention relates to

el ectronic circuits. In particular, the present invention relates to
digital to anal og conversion for slectric circuits. BACKGRGMNDOROIHE

| NVENTI ON Di gital to anal og conversion is a process in which signals having
a few (typically two) defined |evels or states are converted into signals
havi ng qunati zed anal og states. The nunber of quantization states is
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different quantized analog states. A digital signal typically has two
states: zero and one. Analog si g@é?lg P2Y | cally have infinite nunber of
states and conveys data as electronic signals of varying frequency or
anplitude that may be added to carrier waives of iven frequency. An

a
exanpl e of a digital to anal og HEWREE THE ENYRY TIPS essi ng by a nodem of
conputer data into audio frequency tones that can be transmtted over a
tel ephone line. The circuit that perfornms this function is typically
referred to aEhedpreicgi indkntion @hadsag ezonver tecuilsDATpartBEgtye RFSTEL ober 2003
digital inpulses typically appear as |long strings of ones and zeros that

typi cal Ly, @8 riQies AP BRLEIND 2BBR b Qo fdtutmicokiseiver . However, when a DAC
is used to decode the binary digital signals, meaningful output can appear.
Exanpl es of these outputs include voice, picture, nusical tone or

mechani cal notion.

BACKGROUND OF THE INVENTION

Digital to analog conversion is a process in which signals having a few (typically
two) defined levels or states are converted into signals haviné qunatized analog states. The
number of quantization states is typically equal to two to the power of digitized input bits.
For example, if there are four digitized input bits, then there will typically be 2" different
quantized analog states. A digital signal typically has two states: zero and one. Analog
signals theoretically have infinite number of states and conveys data as electronic signals of
varying frequency or amplitude that may be added to carrier waives of a given frequency.
An example of a digital to analog conversien is the processing by a modem of computer data
into audio frequency tones that can be transmitted over a telephone line. The circuit that

pertorms this function is typically referred to as a digital to analog converter (DAC). Binary



The transfer characteristics of DACs are typically linear. However, there
may be sone applications that require nonlinear transfer characteristics.
For exanple, it may be desirable to conpress data when a signal is |arge
and not conpress data in the remaining signal. It woul d1Bedssr?adde to
have an integrated circuit that provides nonlinear transfer characteristics
of a DAC. The present invention addresses such a need. SUMVARY OF THE ]

i VENTI ON The present invention relates.to digital,to anal og. conversion.
Accor di ngligBaliFipudieh SR LAYt 1PBFAr (3R &0 % IREH O i‘ﬁ%?ﬁq oS By té’g‘éﬁ"ﬁ’f ﬁ?ﬁec“q ransf er
characteristic may be produced by subtracting a fraction of th ut put
current fapparentefapingrioa hemanabseriver- d1oveier.st i a Babas vgst t%‘%?&@‘ﬁ\ HY a

digital to anal og conversion according to an enbodi nent of the present
i nvent i ondiigialpsi grsds) nechninpiie syt ean appepr. | Bosnpledeighesgloutmisimgludg vesaver si on
circuit, and a node coupled to the digital to anal og conversion circuit,

wher ei n ithaeh@icQfororatddpbiiicalGhistient is subtracted froma reference
current at the node. A nethod for a digital to anal og conversion according

to an enbodi ment of the I 13 Cctober 2003 present invention is also

presented. TheRetLhQdtCaNPIkSIREPFOYAS A @pfc@ﬂﬁﬁiﬁ&ﬁ'e Huwdventhers plag\biedi ng an
out put current; and subtracting a fraction of the output current fromthe

refer ENCe il Eﬁlfcag&ﬁtﬁam Eéﬂh%ﬁmzéﬁcm%s. For example, it may be

desirable to compress data when a signal is large and not compress data in the remaining

signal.

It would be desirable to have an integrated circuit that provides nonlinear transfer

characteristics of a DAC. The present invention addresses such a need.
SUMMARY OF THE INVENTION

The present invention relates to digital to analog conversion. According to an
embodiment of the present invention, a logarithmic transfer characteristic may be produced
by subtracting a fraction of the output current from a reference current in a recursive

equation.

A system for a digital to analog conversion according to an embediment of the
present invention is presented. The system comprises a digital to analog conversion circuit,
and a node coupled to the digital to analog conversion circuit, wherein a fraction of an output

current is subtracted from a reference current at the node.

A method for a digital to analog conversion according to an embodiment of the

]



Figure 1 is a schematic diagram of an exanple of a linear circuit DAC
Figure 2 is a schematic diagramof a logarithm c DAC according to an

enbodi ment of the present invention. Figure 3 is another schematic diagram
of a logarithm c DAC according to an enbodi nent of the pri@<estobari2088ti on.
Figure 4 is a graph of an exanple of the transfer characteristics of the

| ogarithm c DAC according to an enbodi nent of the present invention. Figure

5is a flow diagram of gn exanple Qf a hod accordi.ng to Lnent of
Phe pr eSS CIEROR i 810 Batgic: aite e dna FogPas by dnis e B
DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS The fol |l ow n descriPti nis
pr esent edproyiding B eUBHECHTESrAaH TBPACERE RIfr3cHOR RE QUL CumeR & Oéi‘hglcto use the
invention and is provided in the context of a patent application and its
requi r enenfarenddaguroms nodi fications to the preferred enbodi ments will be
readily apparent to those skilled in the art and the generic principles
herein may be applied to other enbodinents. Thus, the present invention is
not intended to be |inted BRIEMBESGRIFTHON OF THED IN&§03 shown but is
to be accorded the w dest scope consistent with the principles and features
described herein. Figure 1 is a schematic di agram of an exanple of a linear
DAC 100. In thiFssiexanph echenfutit efageanotacexanegie of b liheamiens 3¢cuit 100 and
fl ows through transistor 104. Transistor 104 provides gate voltage to
cascade device 114 and passes the reference current to transistor

Figure 2 is a schematic diagram of a logarithmic DAC according to an embodiment of

the present invention.

Figure 3 is another schematic diagram of a logarithmic DAC according to an

embodiment of the present invention.

Figure 4 is a graph of an example of the transfer characteristics of the logarithmic

DAC according to an embodiment of the present invention.

Figure 3 is a flow diagram of an example of a method according to an emboediment of

the present invention for a digital to analog conversion.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The following description is presented to enable one of ordinary skill in the art to
make and to use the invention and is provided in the context of a patent application and its
requirements. Various modifications to the preferred embodiments will be readily apparent
to those skilled in the art and the generic principles herein may be applied to other

embodiments. Thus, the present invention is not intended to be limited to the embodiment



106. The current then flows through transistors 108, 110A -110D. At
transistor 108, the reference current is scaled by a ratio of transistor
size width over length (Wover L) of transistor 108 to transistor 106. At
transistor 110A, the reference current is scaled by ei ghti3 Qatoles 2002 ratio
of width over length of transistor 1IDA to transistor 106. At transistor
110B, the reference current is scaled by four tines the ratio of Wover L
of transistor 110B to transistor 106. At transistor 110C, the reference
current igofadRis lybetavoorieder widest sadpeaoabisidat witkrhd profeiplesarsi fsefgres) 1 OC to
transi stor 106. Likewi se, at transistor | 10D, the reference current is
scal ed bydcgé}%gdﬁggémg he ratio of Wover L of transistor 110D to transistor
106. Each of these transistors 108 and 110A -110D may act as a current
source. Transistors 112A - 112D nmay act as switches wherein the states of

the switches dppend; an aheRbACEMglBPS arCOURpIASCAIABAC 160Nt thixon@mpe, al |
of the current lowm ng through transistors 108 and 110A-110D may fl ow

through 11 ansh st LS LEB3. coleheBic SeRNElntot: il franki§8RS0AL PFfslib2A04 12D

are swt ch& ren i's a pass through sw tches 112A
- 112D is then sumed at node 124.. T eafter he. s e
t hrough tPraMiies gate VPSSR RFCOSE 5%“5% Tgi E%CLE%SG%S éﬂﬁ (SVF%QP%E %Jéféﬁ:i goo‘?%[%sgesjstgﬁe
summ ng node 124 fromdrain node 126 so th%tg bog ?]3 es 124 and 03%2 can
have a coifl.i Hirceurtask thegdlamstthough Sanusiant jUs H}f tHOL | Aprassoi e 4 13
Cct ober 2003 After transistor 114. the current flows through current mrrors
122 and l@@ereftecrurteneis scaled bpa ritdoofirinsistortsezgrrsidgh over length (W pyer ki o 118 may
be shut down at node 116 when the logic level is high, and produce the
out put CUkERMtoM IR tottheisisegil06.] Avehnsisod DMA, the reference current is scaled by eight

times the ratio of width over length of transistor 110A to transistor 106. At transistor 110B,

the reference current is scaled by four times the ratio of W over L of transistor 110B to

transistor 106. At transistor 110C, the reference current is scaled by two times the ratio of W

over L of transistor 110C to transistor 106. Likewise, at transistor 110D, the reference

current is scaled by one times the ratio of W over L of transistor 110D to transistor 106.

Each of these transistors 108 and 110A ~ 110D may act as a current source.
Transistors 112A — 112D may act as switches wherein the states of the switches depend on a
binary input code. .Accordingly, some, none, or all of the current flowing through transistors
108 and 110A-110D may flow through transistors 112A-112D, depending on which
transistors 112A-112D are switched on. The current that is allowed to pass through switches

112A — 112D is then summed at node 124,

Thereafter, the summed current flows through transistor 114 which acts as a cascoda
device that isolates the summing node 124 from drain node 126 so that both nodes 124 and

126 can have a compliance voltage without substantially affecting each other.
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For a linear current DAC, such as the DAC 100 shown in Figure 1, the output
current may be described as follows: lo =1Ir M+ Ir(D +2D1 + 4Dc + 8D3) N
Wherein I, is the output current; Ir is the reference current; Do -D3
indicate current (if any) flow ng through transistors 1413/ctodct2003M = t he
transi stor size Wover L of transistor 108 to transistor 106; and N = ratio
of current sources to the reference current. Exanples of N i ncl ude rati o of
wi dth over length of transistor 1 10a to transistor 106; §(?

to tranS|storAJLt@th‘m&iféWsUs'téﬁquif@}”ﬂ%w%%%hsct“&cml‘ﬁgmréﬁ (gh af%ern [IheIOd
to transistor 106. Although such a |linear DAC may work wel | for

appl i cat i @ent floes éntoasankistor $ b3reTeuopisioc 41§ oray bershet dasiuatmedadhf V‘H’é&lthe
transfer characteristics. For exanple, it may be desirable to conpress data

when a sigplield ib Bighcarifton®e tBOOPIpassurttat avhem titcHegicderel iloy. signal . 1t
woul d be d8sirable to have an int egrated circuit that provides nonlinear
transfer characteristics of a DAC. The present invention addresses such a

need. Figure 2pjs, 8nsehersidBAdi aghagwef DA MEshotvhrih &l 200 cagpuoedieny t o
an enbodi ment of the present invention. In this enbodinent, a reference

current (&r%(?grate?‘{rﬁe %I’t&}gvg 200 and flows through transi stor 204.

Tr ansi st or Fovi es a gate voltage to a cascode device 214 and passes
the reference current to transi stor 206. The current then flows through

transi stors 20 3@%21]2@6%%]9@_4 1?51 stor 208, the reference current is

scal ed by 13 a'ra transi stor size wdth over |ength of
transi stor 208 to transistor 206. At transi stor 210A the reference current

I's scaled by el\’@l'rxgrmtnl Igllassthg rc])lei‘tpu? édrren?fl V\Q t‘ﬂ% 'Pcfgﬁéﬂr:u bR kDS WY QU &ate Jourrent (if

any) flowing through transistors 112A - 112D M = the transistor size W over L of transistor
108 to transistor 106; and N = ratio of current sources to the reference current. Examples of
N includs ratio of width over length of transistor 110a to transistor 106; transistor 110b to

transistor 106; transistor 110c to transistor 106; and tfansistor 110d to tramnsistor 106.

Although such a linear DAC may work well for many applications, there may be
some applications that require nonlinear transfer characteristics. For example, it may be
desirable to compress data when a signal is large and not compress data in the remaining
signal. It would be desirable to have an integrated circuit that provides nonlinear transfer

characteristics of 2 DAC. The present invention addresses such a need.

Figure 2 is a schematic diagram of a logarithmic DAC 200 according to an
embodiment of the present invention. In this embodiment, a reference current (I;) enters
circnit 200 and flows through transistor 204. Transistor 204 provides a gate voltage to a
cascode device 214 and passes the reference current to transistor 206. The current then flows

through transistors 208 and 210A-210D. At transistor 208, the reference current is scaled by



of transistor 210A to transistor 206. At transistor 210B, the reference
current is scaled by four tines the ratio of Wover L of transistor 210B to
transi stor 206. At transistor 210C, the reference current is scaled by two
times the ratio of Wover L of transistor 210C to transi 48a@ctot2d@008i kew se,
at transistor 210D the reference current is scaled by one tines the ratio of
W over L of transistor 21 OD to transistor 206. Each of these transistors
208 and 210A- 210D act as a current source. Transistors 1 %HZD act as

swi t ches ahgiveftthesistoasizs wodthtover lsngthoif eransistoe ABB %tf%fle‘itharO?

Accordingly, sone, none, or all of the current flow ng through tran5|stors

208 and 24{)x R1LeORremy chirony it krataddly dighinsnet the satervRipoyer dngehdY Ry k)
which transistors 212A-212D are switched on. The current that is allowed to

pass throygh,§ (ngtércil%% R12Msi2th2 Boé. s As tiamsrdo el 1 0B dies reB2dncelcnrriest it ocatedibaf t er
t he sunm ng no 224. Thereafter, the summed current flows through

transi stog 244 whi o A6 Sy 3% GPSEAE ARG diisepbabe At banSHoM L nhele

224 from transis 2 so that both node 224 and drain of
transi stor 222 may have |l i.ance Vv éﬁéﬁi&aﬂtot@d | t¥ansisto
af f ect i ngredEFeRCoY “S,A?F%E?%i"@ﬂgn?f gt}c %Eh%g%ﬁ\é%%:ﬂ?p}eﬁt ows thr ouaéms '
transi stor 222 which mrrors the current at transi,s r i of
the curref®6.i bikaras. At tFansised 24 B S TF e PRy iSreat lsf%h:é 8*%@8 Fnaeto’:ttqcor%ﬁép ?@%
current that is mrrored is indicated as a. The current through transistor

222 is m prorledf tans22er 2161 wruansistor @B6l e the fraction (a) of the current
t hrough transistor 222 6 13 Cctober 2003 7

Each of these transistors 208 and 210A-210D act as a current source. Transistors
912A-212D act as switches where the states of the switches depend on a binary input code.
Accordingly, some, none, or all of the current flowing through transistors 208 and 210A-

210D may flow through transistors 212A-212D, depending on which transistors 212A-212D

are switched on.

The current that is allowed to pass through switches 212A-212D is summed at node
224. 1, is formed after the summing node 224. Thereafter, the summed current flows
. through transistor 214 which acts as a cascode device to isolate the summing node 224 from
the drain of transistor 222 so that both node 224 and drain of transistor 222 may have a

compliance voltage without substantially affecting each other.

After transistor 214, the current flows through transistor 222 which mirrors the
current at transistor 220. A fraction of the current is also mirrored through transistor 230.
The fraction of the current that is mirrored is indicated as c.. The current through transistor

227 is mirrored to 220 to form I, while the fraction (o) of the current through transistor 222



is mrrored to transistor 230 and flows up to transistor 252. The current at
transistor 252, which is a fraction of the output current (ctlO ), is
mrrored at transistor 230. At node 254, the fraction of the output current
is summed with Ir to result in a recursive equation descrlbdagbert2d83current
flow. Exanples of a type of transistors for transistors 722..230, and 220
include NMOS transistors, while exanples of the type of transistors for the
rest of the transistors shown in the logarithm c DAC 200 may be PMOS
transistors. After the current is mrrored through transistors 222 and 220,
the cur iSERHTPICE R raashiytoULH anddlvsissitpoc thSiswhi26h. May chesshiytragawsr a4> node

216. For exanple, when the logic level is high, the current flow may be

shut dowhidt isnofteiddGf denshunitptEnt(BE, YU BiHtorS4 L €M sis:ER the, 509 evel
is low For a logarithmc D% according to aorf eFlrbo |s}rsr5nt~ of %lefjd%r‘ég‘e“hf

[ ti : ; N i-n_Fi e 2, the output t b
doscri bed 2 PLiE Sugh Pt Ao L B gy nstsBlcnadipernag N

Wherein,a is a small fraction of the output current; lo is the output

current BT OV, of arence current: and Mis an of fset coefficient. In this

exanple, ais the ratio of the size of wdth over length (WL) of
transi stor 220 to transistor 230. For exanple, (WO0/L2_0) / (W30iL 0) =
W- 0 L230/ [EXAmpEs\wagyee of raapisexaipslumngsoss 132. 260.610dRT Odneimyd BMDSt he
reference current is ten mcroanperes. DO through D3 indicate current (if
any) f| sangorshrdlghkximplas dithe typei2hnsis@2f3r th =t dth@e taanGbatAbwiige W
over L of transistor 208 to transistor 206:

the Togarithmic DAC 200 may be PMOS transistors.

After the current is mirrored through transistors 222 and 220, the current flows
through transistor 218 which may be shut down at node 216. For example, when the logic
level is high, the current flow may be shut down at node 216, and output the output current

~ when the logic level is low.

For a logarithmic DAC accarding to an embodiment of the present invention, such as

the DAC 200 shown in Figure 2, the output current may be described as follows:
L=(-aL)M+(I-al) (Do+2D1+4D,+8D4)N

Wherein « is a small fraction of the output current; L, is the output current; [.is a
reference current; and M is an offset coefficient. In this example, o is the ratio of the size of
width over length (W/L} of ransistor 220 to transistor 230. For example, (Waa/Lazg) /
(W230/Liasg) = Wazg Lasof/ Lang Wzm: ¢ Anexample of @ is 1/16. An example of the

reference current is ten micrcamperes. Dy through D3 indicate
current {if any) flowing through transistors 212A - 212D; M =

the transistor size W over L of transistor 208 to transistor
206:



13 Cctober 2003 and N = N = ratio of current sources to the reference
current Exanples of Ni include ratio of wdth over length of transistor
210a to transistor 206; transistor 210b to transistor 206; transistor 210c
to transistor 206; and transistor 210d to transistor 20613Txctolwes 2002

| ogarithmic functionality of the current, the equation may be converted into
the following: 10 = Mr - UMO + Kir - otKIO, wherein K=N (Do+2Di +4D2+8D3)

1,)(1 +a (MtK)) =Ir(MK) I. (Ir (M+ K) / (1 + x(M be
conpar edandNt=hel st‘a&twd}imdn‘ﬂm@@rlrcﬁhm e FEpIPnes CUFEIAX Fﬂl{lalesro&)l?‘ﬂ\s’a‘? %n is

a schematic diagramof a logarithmc DAC circuit accordlng to another

enbodi megfid@foveARnpthesfanisisoy 2 tdd wnrankisot BOG; towbiotir a0 to w#sisegdl% t hi ¢ DAC
circuit 300 is shown to include all of the conponents preV|oust descri bed

in the eghodiBEdt0SRWMRsisdr 266:;GE radsiviof D10 tedistor @86.0f shut down
transistors 302A - 302E and additional transistors 304A-304B used for test

pur poses. Additionally, exanple of the logarithmc DAC 300 is also shown to

| ncl ude addi thonal. id RISISRA! fnddSHaaNet 43, Meeyisdonmey beoitvened five
bits rather than four bits of input code. The nunber of transistors 210 and

212, and, thﬁh %@Pe .the nunber of bits, are configurable upon the needs of
t he deS| é%rrple t he i nput code may have two to twenty-four bits.
Figure 4 is a chart showi ng an exanple of the transfer characteristics of

t he Iogarithg; J$§Cég&po&8;ngKio %emupﬁoﬁﬂfﬁ+5D ‘Hﬁﬁgrggesent i nvention.
g ” i

The chart of

L{l+aoM+K)=LM+K)

To= (LM +K) /(1 + o (M +K)), which can be compared to the standard

logarithmic form of Y=(AX/ (1 + BX)}).

Figure 3 is a schematic diagram of a logarithmic DAC circuit according to another
embodiment of the present invention. In this embodiment, the logarithmic DAC circuit 300
is shown t0 include all of the components previously described in the embodiment shown in
Figure 2 with the addition of shut down transistors 302A - 302E and additional transistors
304A-304B used for test purposes. Additionally, example of the logarithmic DAC 300 is
also shown to include additional transistors 210E and 212E to provide a circuit with five bits
rather than four bits of input code. The number of transistors 210 and 212, and therefore the
number of bits, are configurable ﬁpon the needs of the designer. For example, the input code

may have two to twenty-four bits.

Figure 4 is a chart showing an example of the transfer characteristics of the

logarithmic DAC according to an embodiment of the present invention. The chart of Figure




13 Cctober 2003 9 4 plots L vs. input code. The input code is a binary
nunmber which is typically a function of tinme since the input code is
increnented in fixed tinme increnents. Exanples of lo ranges include 35 to
243 which may be a fast batch of integrated circuits (I C138)Qctd8ert200238 whi ch
may be a typical batch of 1Cs; and 30 to 235 which may be a sl ow batch of
ICs. As shown by the curvature of &he graph, the transfer characteristics
of the logarithm c DAC according to an enbodi ment of the present invention
i s non-4 plpedy, veridpappiaxTieines: cdk egabinthnimbaheien ishlygidiey Btirtian bt ow

di agram of an exanple of a nethod according to an enbodi ment of the present

i nvent i,on. {iake tedhghitlcdle sOn@PRALAYd SHPAVAT $ind mncrén&&fs.esﬁﬁkﬁgleg W £ §BhgesSUCh as
ten microanperes, is provided (step 500). An output curfent I's al so

i ded (st f i 0f the.  CUF R 8yn] S 4l NEE
D o S5l ok 585908 a3 APl el B Ga S U
nvent oo, 1es eel speLtBSAL N ASCdanae AR L0, enbodiaer, o,

variations to the enbodi nent and these variations would be_ within the spirit
and scopethefcurraure pf Bsntph HedrRIsion chaaeprigica gi fiie lnarythmdiPRiCcarctoshiag may be
made by one of ordinary skill in the art without departing fromthe spirit

and scopenenmidién agppe ntegteehainysnidmdis Qotdinear S0P pidkiMMAT all G adlrAnED | S:

one

shape.

Figure 5 is a flow diagram of an example of a2 method according to an embodiment of

the present invention for a digital to analog conversion. A reference current, such as ten

microamperes, is provided (step 5C0). An output current is also
provided (step 502). A fraction(a} of the output current is
then subtracted from the reference current (step 504).
Although the present invention has been described in accordance with the
embodiment shown, one of ordinary skill in the art will readily recognize that there could be
. variations to the embodiment and these variations would be within the spirit and scope of the
present invention. Accordingly, many modifications may be made by one of ordinary skill in

the art without departing from the spirit and scope of the appendsd claims.



1. Asystemfor digital to anal og conversion, conprising: a digital to
anal og conversion circuit; and a node coupled to the digital to anal og
conversion circuit, wherein a fraction of an output current is subtracted
froma reference current at the node to provide a nonlinddrQOctbliexr280Br
charaeteristic. 2. The systemof claim1, wherein the transfer
characteristic of the digital to ankfog conversion is approxi mately

|l ogarithmc. 3. The systemof claiml1l, wherein the fraction is a ratio of
the size of width over |length (EVIL) of a first transistor to a second
transi st oWdAY ISTRIAI&NBtEM of claim 1, farther conprising a first transistor
and a second transistor, wherein the fraction of the output current is
mrrored fromthe first,transistor to t he second transistor. 5. A nethod
for a di ]gl t al A4S 4iE Bhiasieac At cagpasingovi di ng a ref erence

current; %{gldﬁgloa, OQULIQ]F]E'IC%[H ra%rat and subtracting a fraction of the

out put cur from“the reference Clrrent, wherein the digital to anal og

conver sidiodesoluplednd ienaikly! toankbpesfiverSion Freuinel Aadird] £SL@ e el n 2
transfer characteristic of the digital to anal 0g conversion S

appr oxi mat el ycqr@gmsslhﬁwe fommheslergaeanTsht ol themede t6 providera gexlipreiusi ng a

t ransi st or qHB: node, wherein a fraction of the output current
passes throug ﬁeg {gﬁtg}ﬁ&? 8. The method of claim7, further conprising

passing a fraction of the out put

2. The system of claim 1, wherein the transfer characteristic of the digital to analog

conversion is approximately logarithmic.

3. -The system of claim 1, wherein the fraction 1s a ratio of the size of width over

length (W/L) of a first transistor to a second transistor.

4, The system of claim 1, further comprising a first transistor and a second
transistor, wherein the fraction of the output current is mirrored from the first {ransistor to

the second transistor.

W

A method for a digital to analog conversion comprising:

providing a reference current;

providing an output current; and

subiracting a fraction of the output current from the refarence current, wherein the

digital to analog conversion is intentionally nonlinesr.

6. The method of claim 7, wherzin a transfer characteristic of the digital to

analog conversion is approximately logarithmic.

7. The system of claim 1, further comprising a transistor coupled with the node,

wherein a fraction of the output current passes through the transistor.

8. The method of claim 7, further comprising passing a fracton of the output



13 October 2003 11 current through a transistor. 9. The system of claim1,
wherein the reference current is ten mcroarperes. 10. The nethod of claim
5, wherein the fraction is a ratio of the size of width over length (WL)
of a first transistor to a second transistor. 11. The netiBdttader@ddd m 5,
wherein the reference current is ten mcroarrperes. 12. The systemof claim
1, wherein the systemis configured accornding to the nonlinear transfer
function to conpress large signals nore than other signals. 13. The system
of claiml1, the digital to anal og conversion circuit, w thout the

wher.ei n
subtracti on“® S}tﬁ%mf’g%éﬁaﬁ S8F the out put current fromthe reference current
at the node, would provide a linear transfer characteristic, 14. The system
of claim1, wherein the fraction is 1116. 15. The systemof claim1, wherein

the fractich is Ahcersstmnt clakb .|, ThereiEhboercahcs Lai v hetelp.lbe digital
arge an

to anal og conversi on conpresses data when a signal is not

otherwi se. 17. The nethod of claim 7, wherein the fraction is a fixed
fraction.

10.  Themethod of claim ~ §, wherein the fraction is a ratio of the size of width over

length (W/L) of a first transistor to a second transistor.

11, The method of claim 5, wherein the reference current is ten Wmicroanperes.
12.  The system of claim 1, wherein the system is configured according to the
nonlinear transfer function to compress large signals more than other signals.

13.  Thesystem of claim 1, whersin the digital to analog conversion cireuit without

the subtraction of the fraction of the output current from the reference current at the node
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would provide a linear transfer characteristic.
14. The system of claim 1, wherein the fraction is 1/16,
15, The system of claim 1, wherzin the fraction is a constant.

16.  The method of claim 7, wherein the digital to analog conversion compresses data

when a signal is large and not otherwise.

17. The method of claim 7, wherein the fraction is a fixed fraction.



