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Abstract

As:witched-capacitor logarithm-ic pipeline ADC sc~henie that
does niot require squaring or any other complex analog

......... ....1..5 ...

fun tions is described. This approach is ideal where ahigh _
dynarii range, but not a highi peak SNDR, is required. A -22

signied, 8-bit 1.5 bit-per-stage logarithmic pipeline ADC is___ _______ __
implemented in 0.18 trn CMOS. The 22MS/s ADC achieves a -3- 5 0-.

me ~~ured DR of80dB nd a m a:ured SNOR of 6dB (a) Gain10of Vin 9no log0 Vin nnoonmeasuredDRof80dI3 and a meaured SNDR of MM, (a) Gain of 1over log input range (b) Desired 1 5b residue bUt squaring is difficult
occupie 056nmV12, and consumes 274m-W from al162V
supply. The measured dy namic runge figuLre ot meinis 174dB.
K ywords: Logarithmic ADC, comipander an'd pipelini ADC. ,o3 .

Introduction y-Ia -
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Most natura1 signals in cludinig light intensity and audio -.25t. .l1
amplihtude are meacured oni a logaiuth-nic sc ale. A properly13
designed logauith ric coding scheme is more efficielit than log Vin n_orm log1 VinhnorT
convenitional linear encodinig in that, for agiv~en word lenigh a (c Conditional multiply - no aquaring (d) Reacale refs to get deaired characteristic

higher dynamiic ranuge cani be represented. Traditionally, Fig. 1:- Logarithmici ADC residue plot.
expansion of dynamnic range is achicved with an automcatic gain
contro1annlifier (AGC) or nonlinear compression. H-owever A neO shefteme enablecc log d 1 amf pipelineb ADC tI be
an AGC canniot respond to tast finctuatin incals. imiplemtented With sifi plc scalar mUltiplication ad Witht u
Altemn tively, logaritlniii amplifier can be used to couipress cumibcrc me analog fi ath Operationsc such as squiaring or
the input signal dynamnic range [1], but a look-up table mu-Lst cxponents. A direc~t 16g adaptcation Of a couventionca1, linear
precisely describe the device-delived non-linear charac~teristics 1.5-bit-per-stcage pipelhne ADC wonLld replace snbtrcActioni with-
so th-at the inipuLt signal can be accurately reprodnied. Another d'ivLi nand multi lhcationi br wvihsqaig [] i
strategv is to use abackend digital compander combined ,iith loio,f - Iogofvo, 10gioo(Tllf. f), in a lgAD xecol
a high-resolution ADC, however th-is approac~h is replacccucbtracthou wvith a contditional division rt attenulation,
poer-hungry anid complex. depaending on th-e dec~ision of th-e sub-ABC. As with a classic
in this paper, ye describe a 16garithmiti pipeline ADC linlear pipalhne, the residue of each stage is scaled to the

technilque and th-e Preseut a prototype signed 80d DR full-sc ale inpuLt Voltage r utge of the nlext stage a:, showvn in Fig
1.Sb-per-stage log ADC. Thic approah is advantageous for 1(a). Cousidering that 2Xi6oa('r sid c)=Jog1ioe~site2), th-is

njapakaiouc Where high dynamic range, buLt niot high couLld requilre squaring of th-e residue, buLt sqnaring is verv,
peak SNDR, ic required. A n aVel SC lgag nt atic ai aelinie difficuLlt to do acacurately and reliably in the analog domain.
ADC architecture, th-at does not requilre sqnLiring or ny other Inistead of attem-pting prec~ise anialog squaring, we acaThieve
com alex ana1lag funcOtion, is introadnced. Unilike a con rcnti nanl thc same ov~erall result by appropriatclyr scaling the comparator
pipclinie ADC, thc pipelinie stagcs do niot inc~ludc n MDAC, rcfcrecne voltages and gain scttings, as we~go down the
and the rcqnircd a cn-Lracyf the rcfcrcncc voltcagc is relaxed. pipeline. Fig. 1 illnstratcs the new~approac~h for the first

pipeline stage. Fig 1(b) shows the residue characteristic Where
Logarithmic Pipeline Architecture the classic 1. 5b architecture ic directly adaptcd. We see thit the

To understand how a log ADC works, ye first describe how~ recsidne, is divided into th-ree regiois, and both- the inpant and
a linecr voltage input is mapped to th-e log domain, or in other recsidne span a lioim-lized log rauge froi- -3 to (i.e. C.3). The
w ords how th-e inpuLt signal is comaTressed in equation (1). imodified approach nuses the saine comparator thresholds buLt

l0 b21 .,+ b0 ~E.() the gain cettings are chocen so th-at th-e residue now fa11:log10v =0 ~2' uLE.() etirely into the top haif (log range: -1.3 to 0) of the residueT~~~~~~~* la~~~~~igram (Fig 1(c)). Instead of .qnig, a different set of-whee te iputoolage V0, s dvidd b th AD inut ane mpartor/ lage L ho enf rthesquangna i ogf(Vie)apping he inpT k' a.nomin 1- rangeA f0To .Ci edrcdeiht cm hp Fg1() h a cc
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