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Abstract comes at the price of restricting the usable iaput range of the DAC.
A segm-enited DEM techniiquie that allows aa efficient tradeoff As mientionied above, having 18430 uinit CS eells implies that

betweea enceoder compjlexitx anid the numhber of unit cuLrrenit-steering XD4C[nll is restricted to the ranige {0,In.1, 18430). However., the
cells enables a 150MS/s DAC wvith greater than 83dB of SFDR across DEM encoder furither restricts this raage to {1023. 1024.,
the N~yquist hanid. The 0l18tm CMOS IC has ani active area of 3mm2 17407). As an example of w\\hat can go wrong if xD4c[n] is ouitside
anid dissipates 127mW. this range, suppose that XD4c[fl 17408 anid dj n], d14[n11 all

Paper Body equial -1 at some tlime n. Then it can be xTerified from Fig. 1 that
In [1]. dynamic element matching (DEM) is shownTi to x21[n] 2, w\Nhich is illegal because it is required to be either 0 or 1.

peeaharmonic dIstrini yqit-aecretsern (CS) Such illegal results wvill occur only for certa'in values of thed4j
DAC that wouild otherw"ise arise fromi puLlse shape, ampflitude,, anid ..- d14[;i sequences. However, constraininig the d1 [nj,,.., d14,[n]
timing errors caused by componenit mismatches, and a fuilly segmenited sequences to axvoid such illegal resuilts is not a viable option because
DEM techniiquLe is demnonstrated that axvoids the exponiential it causes themi to be nioni-linearly correlated w\\ith XDAc[fl] whi1ch
relationiship betwveeni the niumber of bits anid circuLit complexity iniherenit initroduices harmtonici distortion.
to non- segmnented DEM. How ever, fuilly-segmiented DEM has the In contrast,, a nion- segmented DEM DAC Wxith the same
disadvanitage that it requires txx ice the numiber of unit CS cells than input dynamic range requires 16384 unit CS cells,, buit they must be
xxouild be required if noni-segmenited DEM Nxere used. This paper midiTiduially controlled as unity-wxeighted 1-bit DACs Xx ith a DEM
presenits a segmienitationi techniiquie that aillows designers to trade off the enicoder that conitainis 16383 SBs. Comhpared to the DEM DAC in
advanitages and disadvanitages of these txxN,o extremes, and a highly- Fig. 1, this represents a savings of 2046 uniit CS cells, buLt the circuit
linear 150 MS/s Nyquist-rate DAC eniabled by the technique. The comiplexity of the DEM encoder anid 1-bit DAC-\xx,iring is excessixve.
DAC achiexves higher Ilinearity ox er the Nyquist banid for signlals above At the other extremie, the fuilly segmenited DEM DAC In [1] has the
45 MH1z thani all other CMOS DACs knioxx to the authors,, anid same inpuit dynamnic range, buLt requires 14336 additionial uniit CS
dissipates 4200 less poxxer than the fuilly segmenited DEM DAC cells xxhile saxving onily 8 SBs relative to the architecture of Fig. 1.
presented in [1]. Thus, the architecture of Fig. 1 represenits a reasoniable tradeoff

The DAC bonisists of a segmhented DEM enicoder folloxwed betxxeeni the txxo extremes. Other tradeoff points betxxeeni fuilly -

by a bank of w eigh-ted 1-bit DACs (Fig. 1). The ith 1-bit DAC is segmented and non-segmented DEM cani be achiexed by, xarying
conitrolled by the 1-hit sequence,, .xjn], anid has a xxveight of 14j. K, is the the nunixber of segnixeitling SBs according to Fig. 2
nuniber of uniit CS cells that are connected in parallel xxvithiai the 1-bit The 1-bit DAC circuiits conisist of K, uniit CS cells
DAC. For exanmple,, the 19' 1-bit DAC conitains K1 512 unitil CS controlled by one or nmore parallel uinit sxxitch drix ers (SDs). For
cells connected in parallel that simuLltaneously steer their currenit in the example. the 15th 1-bit DAC consists of K19 128 unit CS cells
positixTe direction xxheni x1oljn] 1 and in the niegatlixe directioni xxhen anid LI 5 2 uinit SDs, as shoxxn in Fig. 3. The unit SD and CS cell
X19[n] 0, circuitrx generate a returni-to-zero ouitpuLt waxveform as in [1], For

The DAC inputit XDC[n],, specifies the total itnuniber of optimnal puilse-shape maitch'iag~th etcoc st a e,L o
unit CS cells that mu-Lst be steered in the positixTe direction during the each i, xxhere Li 'Is the numiber of parallel unilt SDs. Howexver, puilse-
aith samiple period. There are 18430 uniit CS cells in the 1-bit DACs,, so shape nmismxatches do niot degrade linearitx becauise of the DEM.
XDAc [n] is restricted to the ranige {0,, 1, ..., 18430), anid the DEM Therefore,, to axoid excessixe digital sxxitchinig nioise the numi-ber of
encoder sets its outpuit bits, x4n], ..,x34n], such that the sum of all the SDs has been minimized. Specifically, Li 1 for i 1, ..., 14, after
KiX, equials Di[l.As a consequence, xj[n] cani be wxritteai as wxhich it scales xxith Ki to a nmaxinmum xalue of 16.

x,~= JflXA4C 1" iIl (1) A high-lexel diagram of the IC is shownt int Fig. 4. in[n] + ~~~~~~~ additioni to the DEM encoder and 1-bit DACs, it contains a 14-bit
Wxhere m, is acntanit anid 4~in] a sequLencee that satisfy LVDS receixver,, a direct, digital synthesizer (DDS), a pseudo-

36 36 radmanbrgnrtor, cand a clock buiffer. Optionially, XD4C[]
=Ki 1, and ZKRc [n] = 0 (2) cani be p)roxvided friho off chip) Via the LVDS receixver, or by the

1 i ~~~~~~~~~~~~~DDSxx hich generates a high spectral-purity fuill-scale sinusoid.
For amost xTaloies of XDiC[fll, there are sexveral different choices The emxphasis of the design anid laxyouLt is to ensure that

of xjn], .,. , x36[n] that satisfy, these coniditionis. The DEM enicoder coupOIlng friho digital to aniAlog circuiits is minimized or data-
makes the choice pseudo-randomly such that the eaJn] sequences in are inidepenident. Fixve poxxer suipply doaxains sepa-rately poxxer the CS
unlcorrelated xxith x'Dc[n] anid fr~ee of spuriouLs tonies. This ensures that cells,, the tlip-flops in the SDs,, the NAND gates in the SDs, the
mismnatches amnxog the 1-bit DACs xxvill niot cause haramonic distortion clock buiffer, anid the remaininig digital logic, respectixvely, wide
[1-2]. supplx anid grountd linies, anid muLltiple supply pinis w"ith douible

The DEM encoder consists of segmenting and non-segmeniting bonding are used to mxinimxize parasititc resitstance and inductance.
sxxtchiag blocks (SBs), S6, as shoxxn in Fig. 1. The segmenting SBs All ground lines are doxxn-bonded to the exposed paddle of the

are S14,1, SI'3,17. .,., S9,1. and S51 anid are responisible for segmnentation in QFN package.
that they alloxx 1-bit DACs xxith differenit xxeighits. A straighitforxward, Process, package, anid aixeasured performancee details of
buit tedious, analxysis inidicates that nz 1/16384 for I between 21 anid the IC are summarized in Fig.7. A representatixve poxxer spectrum
36, anid mi 0 otherwise,, anid each elh] sequence is a linear plot anid a coamparisoni to other relexvant CMOS DACs are shoxxva in

combination of the q A.[n n r seqencs wicharefuntioso Fig an a di phtgrp is shxx in Fi.6.
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Figure 1: Signal processing details of the segmented DEM DAC. Represcntative PSD piot Comparissosi to Otliec MCMOS DACs
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Figure 2: Segn3ientation tradeotf Options for 14-hit DEM DACs (i.e., DEMt
DACs with ani inpuit dynamiic ranige, of 16535 levels). Figure 6: Die Photograph.
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