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This 16b, 2 . 5 h W ~  out.put rate ADC is intended for xDS1, nnd high- 
speed iiivtrumentation applications. A f o u r t h - d e r  cascndcd AX 
modulntrir (KLM) olicrnting at 20MHx employs inultibil qunritizn- 
tion and dynamic cleniont ~natching (DEM) t n  make all qunritiza- 
tion noise contribiilions negligible at nn ovcrmmpling rnlio (OSR) 
of cigbt. The ADC acliicvcs 90dB signal-to-noise ratio (SNR) in a 
l..ZSMIlz bandwidth, nitd 1OZdB spurious frcr! dynamic range 
(SFDR) with 270mW dissipation. 

Cascaded AEM slructurw realize high-order noise shaping without 
instability, and ni’e suitcd for high-spccd convcrtcrs with low OSR 
[11[2]l3]. A 2-3:l cascade AXM wilh 11, quantizers can rcduco the 
inhand powerorlheo~cticdquantiznlion noisc (TQN) lo -9OdTIPS at 
24x OSR, The lesullirtg ovcrsampling clock nf 6OMHz iucreamx 
nnnlog specd requiretiients, ancl makes decimation filter switching 
noise niorc difficult to mantigc in single-chip iiilcgrtieii.  Thc use of 
SI inultibit quantizer in the lnst stngc further reducos tho TQN, bat 
thc quniilixntiori noise leakage (QIVI,) duc to andog circuit imper- 
feclions llinit the OSH to 1Gx E). Tliccnscadcd piI’oliIic approach is 
feasible nt Sx OSli, but tlie extra complexity in Uic pipeline con- 
vcrtcr increases aunlog powcr [3]. 

This architecture ovcrconics the limilation of conventional 2-1-1 
cnscndccl AZMs by using inultihit quantizers in the first I w o  stages 
(FiAwre 20.3.1). This simplc exlcnsion has several advnntagcfi that  
make luiv (Bx)  OSR. fcosible, and twlucc powcr. Usc of multibit 
quantizers in tlic first and secoIld stngc docs iiot directly rcr luce 
TQJV, because its quantization noisc is conccllcd by llw noise 
cniiccllation logic (NCId. However, thc smnllcr quantizer error 
oxtractcd from the proceding stage nllorvs tho iiiteretaye gnirl to br? 
l a r p r  than oiie to utiliar! tho full dynamic ~ai igc of the €oollowi~ig 
stagc. In case of 4b q~iniitizcrs, interslngc gain sinaller than 15 will 
not cause overlond. For this design, a Lhycc-stnge implementation 
allows use of intcrstagc gains 4 (hcl) and 8 (IicZ). Sincc t h e  
qnantienlion rioisc ofthe last stage is scaled bythe inverse ofhcl and 
hc2 in the NCL, tlie TQN i s  ~aduccd by thc sanie ernount. Figurc 
2 0 . 3 . 2 ~  illustrates thc division of tlir! threc factors for thc signal-tu- 
quantization-noisc ratio (SQNR, set hy TQN. At 8x OSR, fourth- 
order noise shaping gives 5 4 m  SQNR. Pour-bit quantimttinn in the 
lesl ,stage gives aiiuther 21dn. Total iiiterstsge gain of 82 provides 
the final 3OdB, totaling in 108da. IJiililrc conveidiotinl AZMs, noisc 
shaping provides only half or  tho tntal SQNH. 

Another advantage ofrnullibit quantization in thc cnrlier stages is 
Lhc reduced QNL. The rloiniiiant source is tho first stagc! QNl, 
causcd byintegmtorpole ct’rnw ducto finiteopnmp clcgnin, because 
its offcct is only firsL-ortlcr noise-shtiped. Figurc 20.3.2b showfi 
SQNR by QNL for opninps with 80dB dc gnin. Ust! nf l b  quanlixcrs 
in UicRrst two stages requires 32x OSHto kecp QNL ncgIiA<ble. The 
proposcd architeclurc nchicvca l lOdH SQNR nt 8x OSR. Note lhal 
n lnrgcr intcrvtage p i in  incrcancs the pole error. Thus, hc2 is madc 
larger than h c l  because the polo cwor of latter’ stages has smaller 
cffect. Tho architeclurc innkcs both TQN nrtd QNL ncElibrible in the 
nvornll SNH, leaving tho cntiro noise budgct to analog [k’PiC) noiso. 
Ti1 addition, the insertion of intcrstage gain rcduccs the kTlC noise 
contributions of the lnttcr stages, which othcrwiso wuald he sipiifi- 
cant with limited nnisc-shaping at tlx oSR. 

The nniilincnrity ofthe liyst-stngc iu l t i b i l  DAG diroctly affects the 
porfonnance wilhotit supprcssion by rtoific shaping. However, iIn- 
prnvemoiit ofcapacitor inismatch in modern prncoss tcchnology and 
dcvclnpment of nE3l algorithms hns Inndc this a viable choico. A 
cnmmnii LlEM algorithm, data weiglitetl nvcrnging (DWA) acliicvcs 
first-oyder iniarnntch sliaping, hut ctin introduce signal-dependorit 
tonos [4], This degrndos SPUR and rnnkcfi tho inband mismatch- 
inducctlnoise power rlepcndcnt on sigiiallevcl151. Thc bi-directional 
DWA (Hi-DWA) algorithm shown in Figure 20.3.3a switches thc 
dircction of rutatinn e w r y  aample with H sepnratc indcx pointer for 
Lhc odd samples (righl, rotatinn) and the even fininplcs (lcftrotntiori). 
This siniple modilicntiori to DWA ranrloniims tho soquence to 
elirninnto toiics while preserving thc noise shaping. Figuro 20.3.3b 
demonstrntos this by compnring Rimidations of DWA nnd Si-UWA 
with 0.16 mismatch. The cost o f  Tli-DWA is the slight: incrcasc in 
mismatch Iioisc. With capacitor miainntch of this design, tho in- 
crease is l.dB compared t o  the woixl-cnsc nfDWA, keeping mismatch 
noise conlributioii iniiinr in the noise budget. Applying Bi-DWA to 
all three stages allows capacitor sizes in thc latter stsiges to bc 
optimized hrlrT/C noiae inslead o f  mismatch, which redoccs powcr. 

l+ully-differcntial switcherl-capacitor circuits are used for thr! ALM 
implemcnt.ntien. In the iiltegixtor stage, n common set of capacitors 
is sharcdhy input sampling and t h o  4bDAC [3] .l<liminatingonc set 
of switched-cnpaciture result,s in 3rlB reductiori oE IcTIC nriise, 
smnllerncload, and smallerinlegtntorpolccrror. The edvnntngc! for 
UBQ in the first intogrator is the relnxed ADC input drive reqiiiro- 
nwnt. Thc full-scalc input rnnEeis &OVd iRwcntio1. Capacitors nrc 
prc-cbargud to lltc prcvinus quantizer output Icvol, which closely 
hacks the input in n ovecsmiplcd multibit ACPVI. The UFC of luw- 
tlim8hold CMOS l rnndcr  gates for input switches rcduces resis- 
tnncc vnltace dependency, hcncc sampling distnrtinn. For the firsl 
intcgator opainp, rlc gain higher lhnn the QNL requiremcnt is 
implenientcd to avoid distortion cnuscd by gain degendc~icy to 
voltage. Settling rcquirenients Tor QNL and distortion prevwitioii 
are greatly rclnxcd by multibit qunntization. A folded-cascndc 
topology with jioin b o w l  achieves high dc gain wilh thc ncccssary 
bandwidth (Figure 20.3.4). A singlo low-threshold transistor gain 
boost tins the minimum current ovcrhead, with swing reduction uf 
only0.3VcomparecI t o  a cHscodclnnd binscdinhigh-swing condition. 
Thc situulntcrl dc gain iu 9BdB. Thr? closcd-loop dominant pnlc is 
40MHx, which is only 4.5 times t h o  saiiipling frequency. 

The 4.1ix6.4nun2 chip is fabricatcd rwing triplc-metal, doul)lc-poly, 
0.6pm CMOS (Figure 20.3.5). The dcciinntion low-pass filtcr con- 
sists of thrcc half-band FIR stages. The stophund aitcmiation is 
85dH nrid the passbaiid ripple is IL0.004dD. All messuretncrits are 
wilh SV analog and 3Vdigitnl powcr supplies. l’owcr rlisfiipation of 
the h Z M  is 105mW. The 270mW tntal power is less thnnhnl f  that of 
a pr.evio~isly-rcported ADC with coinparnble perfurmancc [31. Fig- 
ure 203.6 slinivs sign:nal-to-(noiso +- distortion) ralio ISNDR) and 
SFDR VS. iiiput level h r  1OOkIIz and 500kHr: signnls. Thc SNR at 
5UOkITz iR 90dB. The SFDR i s  llOdB a t  -10dBFS, nnd 102dB at 
-U.ldlWS. Figure 20.3.7 shows tlic FPT spectrum for n -O.ldBFS, 
1 UOkIIz sinc-wave inIjut. Thc tntal linrinonic distortion is 98dB. 
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Noise C~moNcr liori Logic 

Bigurc 20.8.1: inodulator block dingrum. 
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Biguro 20.8.9: (a) Concept of Hi-TIWA, (1~)  Simulated FFt' 
with 0.1% DAG mismntch (avenge uf Sosets). 
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Pigwe 20.3.6: MEaeurcd SNDR nnd SFI)H vs. input level. 

100 

140 

- 120 U 

3 

L 

i o 0  

,Y 

80 

80 

40 

Figure 20.3.2: Multihit quantizers in H 2-1-1 cascndc: 
(a) TQN va. OSR, (II) QNL vs. OSR. 
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Figurn 20.3.4: Opainp circuit diagram. 

Fip,-rt: 20.3.5: Sec pagc 468. 
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Figure 20.3.7: Mcmurod FFT of n -O.ldBFS, 100kHz signal. 
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