
ISSCC 2000 I SESSION 26 I ANALOG TECHNIQUES I PAPER WP 26.1 

WP 26.1 A 700MSamplels6b Read Channel A/D Converter 
with 7b Servo Mode 

K. Nagaraj, D. A, Martin, M .  Wolfel, R. ChaRopadhyay, S. Pavan, 
J. Cancio. P. R. Viswanattian* 

Texas Instruments, Warren, NJ 
’Tuslin, CA 
‘Dallas, TX 

This 611 CMOS annlog todifitnl convctler (ADC) for l i d  disk drive 
(HDD) applicnlions has 3 7b inodc for sew0 sibmal pmwssing. The 
toplcvclldock achematic ofthc ADC is shown in Figure 26.1.1. The 
input is sampled mdlielcl by tho snmple and hold (SDI) circuit. The 
output of the S/TI i s  procesued by n circuit cnlled thc 7b intcrhce 
which cnnl)los operatiun ofthr? 71, mode. In tlie 6b mode this circuit 
acts as a short. Theoutput fhni  this circuit is fed into tliccotnpara- 
tor array which convertu the input signal inlo U digital tliar~noineter 
code which is convertcd t n  n 1 of 64 code by thc hubblc conectiun 
lopjc. This in turn  is fcd into n ROM typc cncodcr thnl. generates the 
find 611 didla1 output. 

The S M  circuit employs apYeodn-rliffcl.cnlifl1 urchit.ecturc inndc nj)  

of lwo sinRh-cndctl circuits. Thc block schematic of’ oiic singlc- 
ended path is show1 in E’igurc 26.12. An irnportant feature of this 
archilecture is thnt iL uses two intcr-lcnvcd S/H circuits opcrnling 
nt half the sainpling frequency. Tbc i tiler-leaving has t w o  ntlvnn- 
lages. First, thc acquisition tiiile availnhlc Corench S/H is trvicr! thnL 
which would bc available if U single 91II circuit were used. Socond, 
the h n l  output of t . 1 ~  SYH is held for an entire clock intcrvnl. T h i ~  
drnrnaticdly eascs thc dcsign of thu output burfcr lhat driws the 
coinpamtor ormy. 

Dctnils of one intcr-lcnvcd path in tlie S/H nrr! shown in Fimurr! 
26,1.3. Tho source fullowcr M3 corlvtituteu the input b~~rfcrand thc 
souwr! rollower &I5 cnnstitutos the filial nutput 1)uffeer. ‘I’hcsc am 
coininon 10 the two intcr-lcaved paths.’l’hc corc S/I I  circuit consistfi 
n f  ttic sampling snitch M1, hold capacitor C i ,  and the sniircc 
followcr M4. To minimize intermudulntion didnition due t o  mis- 
mntchcs between thc two inter-lenverl sampling clocks, Ihe circuit 
of Figure 26.1.3 syiiclwonizes tlie two intci--leaved paths with tlic 
mnstcr cllrck ICLK). Thifi is achieved by thc switches coiiiiccteil to 
thc gate ofMI. The clock signd ph2q gues high a shorl tiinc bufnrc 
C1,Kgocs high, whcrcns ph2 goeu high n shorl time aftcr CLIC gocs 
high. Thns, RS sonn ns CrKgoes high tho gale of M1 is pulicd low, 
cnufiing the S1H t.o EO into thc hold mode. It continues t.o be in tho 
hold mode until ph2 gocs low. The other inter-leaved path has R 
similar. ul’rangemcnt. 

T w o  nicnsure3 are tokcii tn nchicvc thc rcquircrl level of distortion 
[lj. Piwl, Ihe gate vnltagc or  the sampling switch hiring thr! 
tracking mode iu inado cqunl to Vin + Vb by using n switched- 
capacitor boot-slrap circuit consinling of cnpncitm C2 nr~d aswci- 
nted sivitchcs in Figure 26.1.3. This cnsures that thc gate overdrivc 
is indcpondcnt of the input lovcl, ininimizinR distorlion due to 
signal-dcpcndent swi tch  fccdthrough. Signal -dependent  
feedthrough from the gate to drniri capacitaiicc of M1 is miniinizctl 
by using an identical dummy trnnsiator M2 which is always turncd 
wfy. When thc SAIgoea froin tho trackinginode to tlic hold mode, the 
gate of R12 is swilched froin ground lo the output of tlic! S / K  Thus 
the gate dmin cnpacitnnccs of M I  and M2 cxpcricnce equal and 
oppufiit.~ transitions, cmcelling thcir bcd-through. 

The overall cnmpnmtor array h u c t u r c  is shown in Figurc 26.1.1. 
The analog sigtinl path is fully rliffwential. Each compnrntur 
consists u i f i r n t  stnge preamp (Ill), sccond stage preamp (P2), nnrl 
latch. To rcduco cnrnptirator input cnpncitance and to snvc m-ea, 
intcrpolnlion in uscd t o  eliminate half of the first stage prcninps. 

If the prcamps liave lnrg-c offsctfi, the DNL of thc ADC degracles. 
Common techniques for overcoming such nffficts irlcludc largo input 
tmnsislors and special nutoxero cycles [2J. In this ADC, tho pronmp 
offscts are cancellcd during n special autozcro (AZ) period, which 
lnats nppruxinintcly 60ns and takcs plnco during idle intcrvnls that. 
occur pcriadically~cvei*y 1 O O p  or  so) in nHDD read chnti ticl. During 
the first part of the AZ period, P1 i s  reset.so the input orPa is zero, 
:iid PZ is niitoncroed. Por the interpolated PZs, this also cancels any 
offsct duc to clirferenccs in t h o  PI. common niotlc outputs. 1’2 offsct 
is storcd on gromdcd capacitors inside 1% P1 is nutozeroed during 
thc scco~id pnrl  of the A2 pcriotl. ’l’he refcrcncr! levels and and thr! 
offscts nf PI  are stored on thc coupling capacitors (C+,C-). 

Thcschcmntic forl’l is shown in Figure 26.1.4. P2 isesseiitiallytho 
Same except that it has four inputs (using two differential pairs) 
instcad of two inputs. M 5  nrtd MG scrw as curlent source load 
transistor6 while h13 and M4 serve HY thc input Iranscondnetors. 
During tho firsl half of every clock cycle, the preamp is reset by tho 
rcsct switch; the prcninp performs the ninplihcetion during the 
sccond halfuf’the clock cycle. M1 and M2 SDCVC Iwo purposcs. Fircl, 
they form thc t.nil cun’en1 sutircc for M3 n nd M4. Scconrl, since llieir 
gates are ticd to thc outputs, thoy provide common-mode feedback. 

Sevcn-bit rcsolulion is rcquircd in a rend channcl Tor proceasing 
servn data. Taking advantaEc oftlie lowerrnto nfthc sei-vu data, 7b 
operation is nchicved using n two slcp technique that; requires little 
extra circuitry, as illustrated in Figure 26.1.5 [SI. Alib MU CoiivoT- 
Hion is first pcrforined with nn analog voltage equal t.n 112 1,SB added 
to Ihe uutput nP the S/H. ‘I‘hc L9B (bl. in P’ityurc 2Ci.1.5) rrom this 
operation is storcd ifl a l b  “ w r y  element U, During the second 
slep, H 6b A/D convetsion is pcrforined withuut t.Iic 1/2 1,SB nddcd 
to thc itipul. If the illput wcrc to lie in the uppcr 1inlFof a 6b LSE 
interval, adding the 112 T,SB would push the result ofthc convetsion 
into the next liighhcr digital cudc. Thus, Ihc results froin thc first and 
sccond steps would hc dirferent. This cnridition, detected with an 
cxclusivc-OR npcmtion, deterinincs the 7th bit. 

The additinn nf the iB LSB nff’ct is achievcd hy using A small 
rcsistor (equal to  o ~ i c  l d f  uf an cleincnt ill Lho rcfcrciicr! Inddsi’) iii 
scries with tho SlIl output and applying n currcnt (cqual io the 
current in thcrcfcrencelncldor) to il. Note that during both steps thr! 
current Ircf ultininlcly flows into tho Ihe output bufffir in the S/H 
circuil. Thisis important loeiisurc that there isnochange inthe MI 
output itsclf bctween the twn stcps. 

TlichUCisf~.bricntcdin 0.25pn siiiglc-poly foour-levol-iuclal CMOS. 
Inthelib mode, nt 700hISamplcds, with 3.3Vand 1.8Vsupplics, thr! 
ADC consuincs iH7mW. Figyrc 26.1.6 shows the FFT of the i l U C  
output in tlir! GI) Inode; thc SNnR is 35.2dB for Pin=13GMHz, 
lh=700MSainplcds. AL Vin=247RIIIx, Fs=500MSan1plc/s, and 
Vin=O.G of fullscnlc, Llie lneasurcd 8NDR is 31.8rlB. Rlensilrcd INL 
nr~lIlNLfortho6b made nreshowiiin Figure 26.1.7.Thc ~ncnsarcd 
intct’modulation distortion duc t o  tho intor-lc&ving is 55dB I)clow 
t h o  furirlninental. Memured perforinailcc is fiuininnrizcd in Figure 
2G.1.8. Figure 26.1.9 shows a chip niicrogmpll. 
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Figure 2u.l.l: AnC block diagram, showing pnrt of Ihc 
comparatnr array. 
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Figure 20.1.4; First stage prcamp schematic. 
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Figurc 26.1.8: SiH half circuit of tl singlc-entlnd path. 
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Figure 26.1.3: An inter-lcavcd path in the SnI. 

Figuut'c 26.1.6 Principle of 7h mode oporation. 

CMOS technology 
Supply voltages 
lnpul range 
ADC area 
Resolution 
Conversion rate 
Power consumption 
DNL 
INL 
SNDR 
Fl, for SNOR tneasiirement 
Tone at F,(2*F,,, 

1 poly, clmetal, 0.25pm 
3.3V, 1.8V 
1 ovp-p 
0.45mm2 
6b 7b 
700Msamplels 200Msamplels 
187mW 143mW 
t0.4LSE <0.4LSB 
t0.4LSB <I.OLSB 
35.2d8 41dB 
136MHr 53MHZ 
-55dB with F,,,=136MHz. Fs=600Msamplc/s 

Figure 26.1.i); Scc page 4711. 
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Figure 20.1.7: DNL and INL, fin=2YMHz, 
F~=70OMSampIds. 

Figure 2Ci.6.5: Chip miorngmph. 

Figure 26.9.9: Die micrograph. 
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