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This 6b CMOS analog todigital converter (ADC) for hard disk drive
{HDD) applications has a 7b mode for serve signal processing. The
top level block schematic of the ATIC is shown in Figure 26.1.1. The
input is sampled and held by the sample and hold (811} eivcuit. The
output of the ST is processed by a circuit called the 7h interlace
which enables cperation of the 7h mode. In the 8b mode this cireuit
acts as a short, The output from this circuit is fed inte the compara-
tor array which converts the input signal into a digital thermometer
code which is converted to a | of 64 code by the hubble correction
logie, This in turn is fod into a ROM type encoder thal generates the
final 6h digital output,

The 8/H eircuit employa a psendo-difforential architecture madeup
of lwo single-ended civenits. The block schematic of one aingle-
ended path is shown in Figure 26.1.2. An important feature of this
architecture is that il uses two inter-leaved S/H circnits operaling
at half the sampling frequency. The inter-leaving has two advan-
Lages, First, the acquisition time availahle (oreach S/H i twiee that
whieh would be availabls if u single S/1 eircuil were used. Sceond,
the final output of the S/ is held for an entire clock interval, This
dramatically eases the design of the output bulfer that drives the
comparator array.

Daotails of ¢ne inter-leaved path in the 81 are shown in Figure
26,13, The source follewer M3 constitutes the input bulfer and the
souree (ollower M5 constitules the final output boiler. These are
comman bo the two intor-leaved paths, ‘The core S/ cirenit consists
of the sampling switch M1, hold capaeitor C1, and the source
follower M4. To minimize intermodulation disloztion due to mis-
matchos belween the two inter-leaved sampling clocks, the cireuit
af Figure 26.1.3 synchronizes the two inter-leaved paths with the
master elock (CLX), This is achieved by the switclies connecter to
the gate of M 1. The clock signal ph2q goes high o shorl time before
CLX goea high, whereas ph2 goes high a shovl time aftor CLI goes
high. Thus, as soon as CILK gees high tho gate of M1 is pulled low,
cauging the S/H to go inte the hold mede. It continues to be in the
hold mode until ph2 gaes lew. The othoy inter-leaved path has &
gimilar arrangement.

Twn meagsure are taken to achieve the required level of distortion
(1]. Fivsl, the gate voltage of the sampling awileh during the
tracking mode is mado equal to Vin + Vb by using a switched-
capacitor boot-slrap circuit consisling of capacitor C2 and associ-
aled switches in Figure 26.1.3. This ensures that the gate overdrive
ig independent of the input level, minimizing distorlion due to
signal-dependent switch feadihrough. Signal-dependent
feedthrough from the pate to drain capacitance of M1 is minimized
by nging an identical dummy transistor M2 which is always turned
off. When the 9/H goes from the tracking inode to the hold mode, the
gate of M2 is switched from ground (o the output of tha S/, Thus
the gate drain capacitances of M1 and M2 experience equal and
oppogite transitions, cancelling their [eed-through,

The averall comparator array structure is shown in Figure 26.1.1.
The analog signal path is fully differential. Each comparator
consists of first stage preamp ("1}, second stage preamp (P2), and
lateh. To reduece comparater input capacitance and to save area,
interpolalion is used to eliminate half of the firgt stage preamps.

If the preampa have large offsels, the DNL of the ADC degrades.
Common techiigues for overcoming such offsets inelude large input,
transislors and speeial autozero eycles [2), In this ADC, the preamp
offsots are cancelled during a special autozero (AZ) period, which
laats approximately 50ns and takes place during idle intervals that
occeur periodically {every 100ua orso) in aHDD read ehannel. During
the first part of the AZ period, P1 is reget so the input of P2 is zero,
and 2 is autoscroed. For the interpolated I'2s, this also cancels any
offact due to dilferences in the P1 comimon mode outputs. 1'2 offsct
ig stored on groundoed eapacitors inside 1'2, P1 15 autozeroed duving
the secend part of the AZ period. The reference levels and and the
offsets of P1 are stored on the eoupling capacitors (C+,C-).

The schematie for I’1 is shown in Figure 26.1.4. P2 is essentially the
same except that it has four inpuls (using two differential pairs)
instead of iwo inputs. M3 and MG serve as current source load
transistors while M3 and M4 serve as the input transconduetors,
DBuring the firsi half of every clock eycle, the preamyp is reset by the
rasot switch; the preamp performs the amplification during the
seeond half of the clock cycle. M1 and M2 sorve bwo purposcs, First,
they form the tail current source for M3 and M4. Sceond, since their
gates are tied to the outputs, they provide common-mode feedback,

Seven-bit resclution is required in a read channel for processing
gervo data. Taking advantage of the lower rato of the servo data, 7b
vperation is achieved using a two step technique that requires little
extra eireuilry, ag illustrated in Figure 26.1.5 [3]. A b A/D conver-
sion is first performed with an analog voltege equal to 1/2 LSB added
to the output of the S/H. The L8R (bl in Figure 26.1.5) from this
oporation is gtoved in a 1b memaory element D, During the second
slep, a 6b A/D eonversion is performed without the 1/2 T.8B added
ta the inpul. [f the input wore 1o lie in the upper half of a 6b LEB
interval, adding the 1/2 I.SB would push the result of the conversion
into the next higher digital code. Thus, Lhe results from the fivst and
gecond steps would be dilferent. T'his condition, detected with an
exclusive-OR oporation, determines the Tth bit.

The addition of the 1/2 LSB offsot is achieved hy using a amali
rosistor (equal to one hall of an element in the reference ladder) in
sories with the ST sulput and applying a current {equal o the
current in tho reference laddor) toit, Note that during both steps the
current Ivef ultimalely flows into tho Lthe ortput buffor in the S/H
eireuit. This izimportant to ensure that there isnochange in the 5/H
ontput itaelf between the two stops.

The ADCisfabricated in 0.25)un single-pely four-level-melal CMOS.
Inthe 6b mode, at T00MSamplos/s, with 3.3V and L8V snpplics, the
ADC consumeoes 187mW. Figure 26.1.6 shows the FIFT of the ADC
output in the 6h mode; the SNDR is 35.2dB for Fin=136MHz,
Ts=700MBamples/s. Al Fin=247MIIz, Fs=500MSampless, and
Vin=0.6 of fullaeale, the measured SNDR 15 31.8d8, Measured INL
and NNL for tho 6 mode ave shown in Figure 26.1.7, The measured
intermaedulation distorlion due to the inter-leaving ia 5541 helow
the fundamental, Measured performance is sumninarized in Tgure
26.1.8. Figure 26,1,9 shows a chip micrograph.
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Figure 26.1.1: ADC block diagram, showing part of the
comparator array,
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Figure 26.1.4; First stage preamp schematic.
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Figure 26,1,6: SNDR plot, 6b mode, Fin=136MHz.

Figare 26.1.7: See page A76.
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Figure 26.1.2: §/H half eircuit of a single-endod path.
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Figure 26,1.6: Principlte of 7b mode oporation,
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Figure 26.1.8; ADC performance summary,
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Figure 26.1.1: Sce page 476,
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Figure 26.1,7: DNL and INL, Fin=23MHz,
Fa=700MSample/s.
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Figure 26.4,7' Die micrograph.

Figure 26.9.8: Die micrograph.
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