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METRIC CIRCUIT AND METHOD FOR
USE IN A VITERBI DETECTOR

- TECHNICAL PIELD OF THE INVENTION
This invention relates generally to the £field of
information storage and more particularly to a metric
5 ~circuit and method for use in a viterbi detector.
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disk drives had a maximum storage capacity of five
megabytes and used fourteen inch platters, whereas today's
hard disk drives are commonly over one gigabyte and use 3.5
inch platters. Correspondingly, advances in the amount of
data stored per unit of area, or areal density, have
dramatically accelerated. For example, in. the 1980°‘s,
areal density increased about thirty percent per year while
in the 1990's annual areal density increases have been
around sixty percent. The cost per megabyte of a hard disk
drive is inversely related to its areal density.

Mass storage device manufacturers strive to produce
high speed hard disk drives with large data capacities at
lower and lower costs. A high speed hard disk drive is one
that can store and retrieve data at a fast rate. One
aspect of increasing disk drive speed and capacity is to
improve or increase the areal density. Areal density may
be increased by improving the method of storing and
retrieving data.

In general, mass storage devices and systems, such as
hard disk drives, include a magnetic storage media, such as
rotating disks or platters, a spindle wmotor, read/write
heads, an actuator, a pre-amplifier, a read channel, a
write channel, a serve controller, and control circuitry to



3 ‘ control the operation of the hard disk drive and to

sproperly interface the hard disk drive to a host or system bus. The
read channel, wite channel, servo controller, and a nenory may al

be inplenented as one integrated 5 circuit that is referred to as a data
channel . The control circuitry often includes a m croprocessor for
executing control prograns or instructions during the operation of
the hard disk drive. A hard disk drive (HDD) performs wite and
read 10 operations when storing and retrieving data. A typical HDD
perforns-a wite operation by transferring data froma host I nterface
toits control circuitry. The control CIECUItry then stores the data
in a local dynam c random access menory (DRAM. A control circuitry
processor schedules a 15 series of events to allow the information to be
transferred . to the disk platters through a wite channel. The
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then stores the data i.n a local dynamic random access
memory (DRAM). A control circuitry processor schedules a
series of events to allow the information to be transferred
to the disk platters through a write channel. The control
circuitry moves the read/write heads to the appropriate
track and locates the appropriate sector of the track.
Finally, the HDD control circuitry transfers the data from
the DRAM to the located sector of the disk platter through
the write channel. A sector generally has a fixed data
storage capacity, such as S512 bytes of user data per
sector. A write clock controls the timing of a write
operation in the write channel. The write channel wmay

25 encode the data so that the data can be more reliably
retrieved later.
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In a read operation, the appropriate sector to be read

is located and data that has been previously written to the
digk is read. The read/write head senses the changes in .

30 the magnetic flux of the disk platter and generates a
corresponding analog read signal. The read channel
receives the analog read signal, conditions the signal, and
detects “zeros” and ‘ones” from the signal. The read channel
conditions the signal by amplifying the signal to an



4 appropriate | evel using automatic gain control (AGC)

techni ques. The read channel then filters the signal, to elimnate
unwant ed hi gh frequency noi se, equalizes the channel , detects "zeros
and "ones" fromthe signal, and 5 formats the binary data for the
control circuitry. The binary or digital data is then transferred
fromthe read channel to the control circuitry and is stored in the
DRAM of the control circuitry. The processor then conmuni cates

to the host that data is ready to be transferred. A read 10 cl ock
controls the timng of a read operation in the read channel .

As the disk platters are noving, the regd/wite heads

must align or
stay on a particular track. This is acconpl i shed by reading
information fromthe disk called a 15 servo wedge. GCenerally, each
sector has a correspondi ng servo wedge. The servo wedge i ndicates
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to the host that data is ready to be transferred. A read

clock controls the timing of a read operation in the read
channel.
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As the disk platters are moving, the read/write heads
must align or stay on a particular track._ This is
accomplished by reading information from the disk called a

15 servo wedge. Generally, each sector has a corresponding
servo wedge. The servo wedge indicates the position of the
heads. The data channel receives this position information

so the servo controller can continue to properly position
- the heads on the track.

20 Traditional HDD data or read channels used a technique

known as peak detection for extracting or detecting digital
information from the analog information stored on the
magnetic media. 1In this technique, the waveform is level
detected and if the waveform level is above a threshold
during a sampling window, the data is considered a “one."
More recently, advanced techniques utilizing discrete time
signal processing (DTSP) to reconstruct the original data
written to the disk are being used in read channel
electronics to improve areal density. In these techniques,
the data is synchronously sampled using a data recovery
clock. The sample is then processed through a series of
mathematical manipulations using signal processing theory.
There are several types of synchronously sampled data
(88D} channels. Partial response, maximum 1likelihood
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witten to the disk are bei ng used in read channel el ectronics to

‘9 nprove areal density. In these techniques, 30 the data is synchronously
sanpl ed using a data recovery cl ock. The sanple is then processed

t hrough a series of mat hemati cal mani pul ati ons usi ng signal
processing theory. There are several types of synchronously
sanpl ed data (SSD) channel s. Partial response, naxinmum -
| i kel i hood (PRM.); extended PRML (EPRM.); enhanced,
ext ended PRM (EEPEM.); fixed delay tree search (FDTS); and deci sion
f eedback equalization (DFE) are several exanples of different types
of SSD channel s using DTSP techniques. The 5 maxi mum | i kel i hood
detection perforned in nmany of these systens is usually perforned by
a Viterbi decoder i npl enenting the Viterbi algorithm naned after
Andr ew Viterbi who developed it in 1967. The SSD channe

or read channel (pruk) | pxeendedePRML (EPRMIOG- nenkancedui éxyerddsd PRML
performng a reafbﬁpﬁ&ﬁiw%m;{h%ela txcé% CULifh mﬁ“n’?@ffogﬁhs%g sipn .
functions as ana ¥i f i On, - autormatic galn contror
(AGD), conti nuou%ee ack tuwafqu%ipﬁg (DFBhal a§arrpF?Y@FabT$"°ﬂ‘EﬁFﬁul afi on,

timng r ecdifferersi gypesdef eSSD chanaells fuwingt DTSB. téchraiduesSD The
channel s, the My

| t
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channel and a winplementindnathel Vitmerhic abgdeithe.cdnamed sifngre Andrew
integrated circuyiterbi who developed it in 1967.
The SSD channel or read channel generally requires
10 ~mixed-mode circuitry for performing a read operation. The
circuitry may perform such functions as analog signal
amplification, automatic gain control (AGC), continuous
time filtering, signal sampling, DTSP manipulation, timing
recovery, signal detection, and formatting. "In all SSD
15 channels, the major goal during a read operation is to
accurately retrieve the data with the lowest bit error rate
(BER) in the highest noise environment. The data channel
circuitry, including both a read channel and a write
channel, may be implemented on a single integrated circuit
package that contains wvarious input and output (I/0) pins.
The viterbi detectors used in SSD channels receive a
read signal and perform maximum likelihood detection to
detect “zZeros” and “ones” from the read signal. A viterbi
detector includes a metric circuit and a trellis circuit.
25 The metric circuit performs an add, compare, select, and
store function on each discrete value provided by the read
signal and provides a transition signal to the trellis
circuit in response. In performing its functions, the
metric circuit calculates and stores a wetric value for
30 each discrete value provided by the read signal. The
metric circuit calculates and stores a metric value even
when the metric value has not changed. This introduces
additional noise into the circuitry. The trellis circuit .
receives the transition signal and performs sequence
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20 package that contains various input and output (1/0) pins.
~The viterbi detectors used in SSD channels receive a read signal and
perform maxi mum | i kel i hood detection to detect "zeros" and "ones"
fromthe read signal. A viterbi - detector includes a netric circuit
and a trellis circuit. 25 ~The netric circuit perforns an add, conpare,
sel ect, and store function on each discrete value provided by the
r ead signal and provides a transition signal to the trellis
circui.t in response. In performng its functions, the metric
circuit calculates and stores a netric value for 30 each discrete val ue
provi ded by the read signal. The nmetric circuit cal cul ates and
stores a netric val ue even when t%e metric val ue has not changed.
Thi s introduces additional noise into the circuitry. The trellis
. circuit receives the transition signal and performs sequence
decodi ng to prodededindi gotprovided i digitall oltputr 8ighsl. The Ciredliils acts
as a logic tree L &80T i 5 &€ i cSEFUE s s ge LN
Dependi ng on the %%rtla tiegbo%Séggécc arac ewqiﬁﬁigo eggéeg?¥eﬁﬁ$$$%§$ SSD
channel, the SSBeERFAASt may require two viterbi detectors to process
the read signal. |nbepehding on thBapaektialheespersei gnakhasadeerisricaved
into an ewen ang sired 0 HEI0ARhARYE Ehd Daé}%xﬁ‘x%ﬁhm g ‘Eéh@‘é‘i‘@ Sgnal
S analyzea E egarate viterbl detector. e rea S|g}a1 1Q S
dei nterl eaved bYILERBLi ASEERECES ohQ) PEPCRRE cFha FoRf signalri oty ch B
provi de the oddchadnelernthetrmddmignailgihal deinterleaved into an even and
an odd interleave signal and each interleave signal is
analyzed by a separate viterbi detector. The read signal
10 is deinterleaved by sampling the signal at alternating
intervals to provide the odd and even interleave signal.
For example, if the SSD channel is implemented as a partial
response, class IV (PR4) or duobinary, dicode read channel,

two viterbi detectors are needed to process the read

15 signal. When two viterbi detectors are needed, the SSD
channel includes two metric circuits and ‘two trellis
circuits. This additional c¢ircuitry increases overall

fabrication costs and increases overall power consumption
which becomes especially critical in portable electronic
20 = applications such as laptop or notebook computers.



For exanple, if the SSD channel is inplenented as a parti al

response,
class IV (PR4) or duobinary, dicode read channel, two viterb
detectors are needed to process the read 15 si gnal . When two viterb
detectors are needed, the SSD channel includes two netric circuits
and two trellis circuits. This additional circuitry increases
overal | fabrication costs and increases overall power consunption

whi ch becones especially critical in portable electronic 20

_ appl i cations
such as | aptop or notebook computers.

7 SUMVARY OF THE | NVENTI ON Fromthe foregoing it may be
appreci ated that a need has arisen for a netric circuit and nethod
for use in a ~viterbi detector. M accordance with the present
5 i nvention, a netric circuit and nethod are provided that all ow a
single nmetric circuit to replace two metric circuits in a viterb
detector. The si r Is used in a viterbi detector to

provi de a transition trellis ~circuit.s.

WO
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new netri c has usrivem fdre aenetriwatiecwits amd wéthmgbdforThise in a
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Accor di ng t the present invention, a netric circul

5
viterbi detB8ctor IRVERHATed (MERT IS RATFMdt, and meg%?éaﬁ§ﬁtpﬁﬁv%aﬁﬂa£hat
during a first pealluwamd dinghe aetzdendcircuit peyi ceplate ttwensmetvic

signal may be pro¥dqficls0ifNaO¢fterbi detector. The single metric circuit
is used in a viterbi detector to provide a transition
signal to two trellis circuits. In performing its
~ functions, the single metric circuit does not store a new
metric value when the metric value has not changed. This

eliminates the introduction of added noise into the metric
circuit.

10

- According to the present invention, a metric circuit
for use in a viterbi detector is provided that provides a
transition signal during a first period and during a second
period. The transition signal may be provided to an odd
trellis circuit during the first period and to an even
trellis circuit during the second period. The transition
signal is provided as a positive and a negative transition
signal. The wetric circuit includes a first and a second
adder circuit, a first and a second comparator, an odd
sample/hold circuit, and an even sample/hold circuit. The
metric circuit receives a discrete signal and a threshold
25 value at the first and second adder circuits. The first

adder circuit generates a first sum and the second adder
circuit generates a second sum. During the first peried,
. the first sum is compared to an odd metric value using the
first comparator and the second sum is compared to the odd
metric value using the second comparator to generate a
negative transition signal and a positive transition signal
respectivély. During the second period, the first sum is
compared to an even metric value using the first comparator
and the second sum is compared to the even metric value

15
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trellis circuit during the first period and to an even trellis
-circuit during the second period. The transition 20 signal is provided
as a positive and a negative transition signal. The nmetric circuit
includes a first and a second adder circuit, a first and a second
conpar at or, an odd sanpl e/ hold circuit, and an even sanpl e/ hold
circuit. The nmetric circuit receives a discrete signal and a

t hreshol d 25 value at the first and second adder circuits. The first
adder circuit generates a first sumand the second adder circuit
generates a second sum During the first period, the first sumis
conpared to an odd netric val ue using the first conparator and the
second sumis conpared to the odd 30 8netric val ue using the second
conparator to generate a negative transition signal and a positive
transition signal respectively. During the second period, the first

sumi s IR CUye0 BBCEUEN EBSALatdl Ukd!Sidlheiel | Bt nEGRDRE! OF

and the second sum’ s ,conpar.e even netri.c

usi ng the secofFaHCR o® iBBa enéPQteaa RAptiye transipiomn;  pignral gnal
and a positi ve tespesitiivedysi gna'he odd mp&ewhulady cfibazodcbtsmqsl eamd! d
Circuit stores fRfides th@r&&ﬁgﬁaevm i gﬁ ibe fipst
period. The 5 even sa cirguit st rQVI es the even
hetric vabue dYSRy SARDLBLBOLS nGirGUitTIaEqRas ool mrOvides the REER| o
and the even neetriarmlusp|dndmgnitite aedond lpluiod Ther yaleenobr thae

second sum onl Yol gat34eChhE Ahe BVeh! WOESic are r3pEalBd with either the

first sum or the second sum only when specified conditions
are met.

10 The present invention provides 'various technical
advantages. A technical advantage of the present invention
includes an overall reduction in circuitry which reduces
fabrication costs and reduces overall power consumption.
Another technical advantage of the present invention

15 includes a reduction in system noise which enhances system
performance. Other technical advantages are readily
apparent to one skilled in the art from the following
figures, description, and claims. '



10 The present invention provides various technical

-advant ages. A techni cal advantage of the present invention i ncl udes
an overall reduction in circuitry which reduces fabrication costs and
reduces overall power consunption. Anot her techni cal advantage of the
present invention 15 i ncludes a reduction in system noi se whi ch enhances
system per f or mance. QO her technical advantages are readily
apparent to one skilled in the art fromthe follow ng figures,
description, and cl ai ns.

BRI EF DESCRI PTI ON OFF THE DRAW NGS For a nore conplete
under st andi ng of the present i nvention and the advantages thereof,
reference i s now nade to the followPng brief description, taken in
connection 5 with the acconpanying drawi ngs and detail ed description,
wherein |i ke reference nunerals represent |ike parts, in whi ch:
FIGURE 1 is a bl J ﬁ$k§@£éfﬂiﬁgiﬁﬁﬁﬁgggé channel of a disk
drive mass stora 2 is a block diagram
illustrating a metricFor a ®qreyjeowplete,i vaderstrndinidr ofisdde nP¥erRentead

channel . invention and the advantages thereof, reference is now made
to the following brief description, taken in connection
5 with the accompanying drawings and detailed description,
- wherein like reference numerals represent like parts, in
which:
FIGURE 1 is a block diagram illustrating a read
channel of a disk drive mass storage system; and
10 - FIGURE 2 is a block diagram illustrating a metric
circuit of a viterbi detector used in the read channel.

9




10 DETAILED DESCRI PTI ON OF THE | NVENTI ON FIGURE 1 is a
-bl ock di agram of read channel 18 of a di sk drive nass storage system
Read channel 18 is a synchronously sanpl ed read channel and is

i npl emented as a 5 partial response, class |V (PR4) or duobinary, dicode
read channel . Read channel 18 includes a variety of circuit

nodul es used to process and condition an anal og read signal recei ved
froma di sk/ head assenbly 12 through a preanplifier during a read

operation. The-circuit nodules 10 of read channel 18 include a variable
gain anplifier (VGA) 40, an automatic gain control circuit (AGC) 44,

a | ow pass filter (LPF) 42, a sanpgsr 46, a finite inpul se response
filter (FIR) 48, an error circuit 50 a variable frequency * oscillator

(VFO 52, a viterhi det ect or 54, a 15 synchroni zati on det ect
circuit (sync detect) 62, and a deserializer 60. Al of these
circuit nodul es 1138 2 T PRHEH) © anaREiTdN ON t 0 perform vari ous
functions to CQ so that a corresponding
and correct digital . , i FeAs C%GnneidéFa°gi§nal
may then be supplisi dyvivenmess citanager ygystem. &eadr wiannelr d&d thaanel
185 a%_ ul ti mat eéyhdulro&fohes.y sampled S:yéd&ranamgll and is i«h%&ﬁﬂﬂéalata?ga or
subconbi nati on o l_.0 rQyi ul es, of .read chan may
be referred to aéatgé’?} retspggae(ﬁh‘éﬁi% %}r'lo é{s@i el ?l“?%ﬁ??‘.ry' JF‘hcec’ra% Frals
- RDGATE, veiemel ondReEdGEhannel GLURE inclydesoshalarietyr of stigiemis

not shown in Fl Ghiulles UsRdS 4B PprEtbds ah@8ohddivdl ahSaniliog read siRhale

acoessed by Lhe YRELRYRAC B RUhER Mot appapiy A2 hutthdh
RDGATE si gnal ispreampldfier fnring a reyk@pegriticmabThe whreuit wodules
operationios to &g pédd WHEfhel 18 include a variable gain amplifier (VGA)
40, an automatic gain control circuit (AGC) 44, a low pass
filter (LPF) 42, a sampler 46, a finite impulse response
filter (FIR) 48, an error circuit S50, a variable frequency
oscillator {(VFO) 52, a viterbi detector 54, a
15 synchronization detect circuit (sync detect) 62, and a .
deserializer 60. All of these circuit modules are used
during a read operation to perform various functions to
condition the analog read signal so that a corresponding
and correct digital data signal is provided. The digital
data aignal wmay then be supplied to control circuitry,
external to read channel 18, and ultimately to a host
syscten. ' '
The combination or subcowbination of all of the
circuit modules of read channel 18 may be referred to as a
25 read channel processing circuit. The signals RDGATE,
WRGATE, and WEDGE of FIGURE 1, and other control signals
not shown in FIGURE 1, are supplied to read channel 18 and
may be accessed by the various circuit modules of read
channel 18 as needed. A read operation is performed in
30 read channel 18 when the RDGATE signal is enabled. The
WRGATE is enabled when a write cperation is to be performed
by a write channel, and the WEDGE signal is enabled when a

servo wedge operation is to be performed by sexvo
circuitry.

20



by é wite channel, and the WEDGE signal is enabled when a

servo
wedge operation is to be perfornmed by servo circuitry. :
During a read operation, VGA 40 receives an anal og data signal or
read signal fromthe preanplifier that originates from di sk/ head
assenbly 12. VGA 40, along with AGC 44, work together to provide
an appropriate 5 anplification to the anal og data signal as needed by
read channel 18. AGC 44 receives feedback information from
error -circuit 50 so that appropriate adjustnents can be made in the
anplification or gain provided to the anal og data signal by VGA 40.
Error circuit 50 provides an anal og 10 ror signal to AGC 44 during
sanpl ed or discrete tine si gnal praocessing. This anal og error signal
serves as an input to AGC 44 to assist with establishing the gain of
VGA 40.

VGA 40 provides an anplified anal og data signal to 15
LPF 42 for further prouedagna ireddaspedstiton, MSA 40Frdleives an camalMss

the anplified angifg, dgignai 9R3 @éwafg Lh4S ff%m the ws'.eg,lmerzen@ez@t
unwanted high fre rOVI des waveform

Riging no'? head g th
shapi ng and anpl i? 588t ! r?‘F’I'—d’EFZ‘/ ea aﬁﬁ?‘“ﬁ% ontYHu &P AAABI 7¢H
order filter desiA@@d d44ingwik @de:ttmnrpcnmntprohima nmagnbe approptriaten a
data mode agd @ amplif SEIMQNTRAC cntangtb8! dald AN hedaed! ppl rbi 42
may be pro ra The_fi tere ut SI %
provi ded to sanpl 18. AGC 44 receiw fee ack in ormatlon from
error circuit 50 so that approprxate adjustments can be
made in the amplification or gain provided to the analog
data signal by VGA 40. Error circuit 50 provides an analog
.- exror signal to AGC 44 during sampled or discrete time
signal processing. This analog error signal serves as an

input to AGC 44 to assist with establishing the gain of
VGA 40.

10

VGA 40 provides an amplified analog data signal to

LPF 42 for further processing in read channel 18. LPF 42

receives the amplified analog data signal and filters the

signal to remove unwanted high frequency nocise. LPF 42

alsco provides waveform shaping and amplitude boost. LPF 42

may be a continuous time 7th order filter designed using

Gm/C components that may be operated in a data mode and a

servo mode. The cutoff frequency and boost of LPF 42 may

be programmable. The filtered output signal of LPF 42 is
provided to sampler 46.

Sampler 46 receives the filtered output signal and

25 synchronously samples the continuous time sgignal at

discrete times and holds or provides the sampled value

until the next sample time. VFO 52 controls sampler 46 by

providing a clock signal indicating when sampler 46 should

sample and hold the signal. The output of sampler 46 is a

30 - discrete, analog signal having discrete values. Each

discrete value corresponds to the value or amplitude of the

- filtered output signal at the time the signal was sampled

by sampler 46. Sampler 46 may be a sample and hold circuit

such as a circular sample and hold circuit that is time

15
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Sanmpl er 46 receives the filtered output signal and 25

synchr onousl y
.sanples the continuous time signal at

di screte tinmes and hol ds

or provides the sanpl ed val ue until the next sanple time. VFO 52
control s sanpler 46 by providing a clock signal indicating when
sanpl er 46 shoul d sanpl e and hold the signal. The output of sanpler
46 is a 30 di screte, analog signal having discrete val ues. Each

di screte value corresponds to the value or anplitude of the
out put signal at the tine the signal was sanpl ed
Sampl er 46 may be a sanple and hold circuit
sanple and hold circuit that is tine

12 sequence mul tiplexed to FIR 482s0 that the correct tine
sequenced value is presented to FIR 48. FIR 48 receives the

di screte, analog signal from sanpl er 46 and generates a discrete,
equal i zed S|gnal ﬁ*“ﬁﬂ t r f (g ¥ola % bi
det ect or sé&%n iéi d %5 %ﬁgfa § 58 Q;% |r'l 'l[tgfr\e coefglt:gl g?ftﬁ‘é or
taps to fllter t feaueRced V%%WQAAQ P SPEEEEdaFﬁlgﬁ%ﬂ?q

y of multipliers
t hat each receive oneFm 4ite fedetves the odtédreneantanamig astgnakc fxiowe

one of the di scrgl@sy@t URS ahld 'enQ L/églegl éié’ﬁééé&e ‘éﬁ.‘?JzSd é{&laﬁ 9 cHagnal
of sarrpler 46. . e,o%tguso each ermftéple;) ret
provi ded t@& 186 d tQcRhe tapget frpgt iR At viltegre, G\Fﬁ"ctrP%Lﬁ?’s
t_hese val uE3R 48d ey \emplay teheplurglityfof| RiliBer c@fﬁ:h:a.ents oxr
di screte, ana'09th§3“€05££ﬂﬁﬂr-QﬂinQ§ 1he ff@sfﬁtﬂﬂéﬁ%daiealélurafitf'Bt
di screte val ues ari{"ﬁ Ilf" oneaerr‘lrﬁ ler to fth hnextf 1
nul tiplier so thER+EHE PF§t i pl§ grgiye one of the filter
coefficients and a consecutive one of the discrete values
10 provided from the discrete, analog signal of sampler 46.
The outputs of each of the multipliers are then provided to
an adder, such as an analog adder circuit, which sums these
values and serves as the output of FIR d8. As the
discrete, analog input signal changes, the consecutive one

filtered
by sanpl er 46.
such as a circul ar

15 of the discrete values are shifted from one multiplier to
the next multiplier so that the first multiplier receives
the latest discrete value and the last multiplier drops the
oldest discrete value and receives the next oldest discrete
value.

20

FIR 48 may be a five tap filter with coefficients set
by programmable digital circuitry. For example, FIR 48 may
receive five digital coefficients or filter tap weights
that - are converted to an analog value through a digital-to-
analog converter. Each coefficient is then provided to a
25 separate multiplier. Each multiplier receives a successive

one of the discrete values of the discrete, analog signal
provided by sampler 46. The outputs of all five of the
multipliers are provided to an analog adder circuit which
provides the discrete, equalized signal as the output of
30 FIR 48. The number of coefficients or taps and
corresponding multipliers may vary. FIR 48 provides the

discrete, equalized signal to viterbi detector 54 and error
circuit 50.



the | atest discrete value and the last nmultiplier drops the
-di screte val ue and receives the next- ol dest discrete

FIR 48 may be a five tap filter with coefficients set
programuabl e digital circuitry. For exanple, FIR 48 may
digital coefficients or filter tap weights

ol dest
val ue. 20
by
receive five
that are converted to an

anal og val ue through a digital-to- anal og converter. Each
coefficient is then provided to a 25 separate multiplier. Each

mul tiplier receives a successive one of the discrete values of the
di screte, anal og signal provi ded by sanpler 46. - The outputs of al
five of the multipliers are provided to an anal og adder circuit

whi ch provi des the discrete, equaF?zed signal as the output of 30
FIR 48. The nunber of coefficients or taps and

corresponding nultipliers may vary. FIR 48 provides the di screte,
equal i zed si gnal to »ﬁztﬁﬁbl cﬂféeféorso%@éaﬁsr O¢he disereeucm;hai@zea
13 circu di screte, equal
si gnal provi ded %®9¢9 EEP%&éF?f%M ggg é B provides an rr°?hé‘8P?Br
signal serves asThe enpor #ign&l0 fErvesd adGinddnput to VER S mmd Ggnad.
i ndi C?t sz how iarhé heré%xscgfgﬁwqﬂa&%a%s%ow EAe thée CdBiretddvahhégldos
"ol de cofpar at 6% Shfrtece. Bglalizea esgil A eebEobrtn & daedl, Takapt
val ues of the Valuehscr‘éreorequam@&d $0 gmaly tmwbxda)usomeaamm gend
~val ues storage registers to compare the discrete values of the
discrete, equalized signal to various ideal target values
and threshold values. The target values and threshold
10 ~values, not shown in FIGURE 1, are provided to error
circuit §0.

VFO 52 receives the error signal from error circuit 50
during a read operation and generates a clock signal that
is provided throughout read channel 18. As illustrated in

15 FIGURE 1, sampler 46 and metric circuit 53 of wviterbi
detector 54 receive the clock signal from VFO 52. VFO S2
also receives a reference clock signal, not shown in
FIGURE 1, to generate the clock signal. The clock signal
controls the samgle time or sample intervals of sampler 46
and serves as a timing signal to metric circuit 53. During
a read operation, VFQO $2 receives the errvor signal'and
adjusts the frequency of its output clock signal an amount
corresponding to the error signal. VFO 52, sampler 46, FIR
48, and érror circuit S0 together provide a sampled time
phase locked loop function to read channel 18. Although
not expressly shown in FIGURE 1, the clock signal way be
provided to any of the circuit modules of read channel 18
that need the clock signal for synchronous operation. For
example, the comparators and storage registers used in
error circuit 50 may use the clock signal from VFO 52 to
synchronize their operation.

Viterbi detector 54 is a maximum likelihood detector
or Viterbi decoder implementing the Viterbi algorithm for
analyzing the partial response signal provided by the

20

25

30



and threshol d val ues. The target values and threshold 10 val ues,
.shown in FIGURE 1, are provided to error '

receives the error signal fromerror circuit 50
operation and generates a clock signal that
read channel 18. As illustrated in 15 FI GURE 1,
circuit 53 of viterbi detector 54 receive the clock signal from VFO
52. VFO 52 al so receives a reference clock signal, not shown in
FIGURE 1, to generate the clock signal. The clock signal controls the
sanple tinme or sanple intervals of sanpler 46 20 and serves as a timng
signal to nmetric circuit 53. During a read operation, VFO 52
receives the error signal and adjﬂéts the frequency of its out put

cl ock signal an anount corresponding to the error signal. VFO 52,
sanpler 46, FIR 48, and error circuit 50 together provide a sanpled
time 25 phase | ocked | oop function to read channel 18. Al though

not expressly skidsenrete||cdpii {ized ledgrladc bfs FgRaks iayVierbi detetovxi 8ed t o

:‘i”éngr ]Egre giy;]g%'ehe%@!éhe% Ui g3 AR budue si@ai h 933’15:59& cl 9gK

not

circuit 50 VFO 52-
during a read

i's provided throughout

sanpler 46 and netric

ronous .operatiqn. For . - exanpi e, the conparators. and
storage regi st ePEXFOIRing 36‘a"1“‘é‘F‘roF'iEP;Eﬁ?‘Pd50‘i%M¢ hehg o terhial

from VFO 52 to algorithmnphovihdes dmecitermrdves method for determiviirer ithe
detector 54 i's ' '

I mpl enenti ng th%e%ﬁ(g?glm L?’@:WP%?t.eftgrtmalnla sZidIQ%§¥H%gr giét#i a Hum
response si gnal %My etection involves analyzing a number of
14 consecutive data samples to determine the most likely path.
Thus, by analyzing a number of consecutive samples, the
most likely sequence can be chosen. Viterbi detector 54
includes a metric circuit 53 and a trellis block SS

containing an even and odd trellis circuit.

As discussed above, synchronously sampled read channel
18 is implemented as a partial response, class IV (PR4) or
ducbinary, dicode read channel. In a PR4 system, the
discrete, equalized signal, provided by FIR 48 to viterbi
detector 54, is deinterleaved into an even and an odd
interleave signal. The even and odd interleave signal are
generated by alternately providing each discrete value of
the discrete, equalized signal so that the odd interleave
signal includes every other discrete value and the even
interleave signal includes the remaining discrete values.
Each interleave signal is analyzed separately by viterbi

detector S4 and then recombined into one digital data
output signal.

10

15

20

25 Metric circuit 53 alternately analyzes the even

interleave gignal and the odd interleave signal and
provides a two-bit transition signal 56 in response.
Transition signal 56 includes a negative transition signal
and a positive transition signal. Transition signal 56
alternately provides a transition signal for the odd
interleave signal and then for the even interleave signal.
Trellis block 55 includes an even trellis circuit and an
odd trellis circuit that each receive the corresponding

30



di screte, equalized signal of FIR 48. Viterbi detector 54 generates a

-digital data output signal in response. I n performng maxi num

| i kel i hood detection, the viterbi al gorithm provides an iterative
met hod for determning the 5 best path along branches of a trellis
diagram The maxi num | i kel i hood detection involves analyzing a
nunber of consecutive data -sanples to determ ne the nost |ikely path.
Thus, by anal yzi ng a nunber of consecutive sanples, the post |ikely
sequence can be chosen. Viterbi detector 54 10 i ncludes a netric
circuit 53 and a trellis block 55 contai ning an even and odd trellis
circuit. As discussed above, gg¢nchronously sanpled read channe
18 is inplenented as a partial response, class |1V (PR4) or duobi nary,
di code read channel . In a PR4A system the 15 di screte, equalized
signal, provided by FIR 48 to viterbi - detector 54, is deinterleaved

into an even andtiansikion signal rfivad sgbricigirduitTRa. evBrebHe ddeck 55

i nterl eave si gnahlemately pm@ﬁra@fsai-_aé bigﬂiﬁr&@éa?'dﬁtPhQVbﬂ%ﬂﬂl each
di screte val ue of so .t

I d t th
nter | eave 20° s grIPEFIEI GUBSALEeP) GMTE YRR SRS (A ATROS oA P L300
i nterl eave si gnafignal udxom IRIK chli nkheg dilocketsigralluekrom VFO Sgaclnd

It Eterl eavsrb ssi ggathkésaaghymu%epgﬁtat Proaed tQi‘thit:.on sd hamt od¢ 54nand
en reconbined in ne at a gnal

Metric circuit rgé&lgﬁe ?c CIRAAF, 83 "f‘ﬁg“ (?%d compaf H F91ES5Te
signal and the oa@ndi mtmeeaxi@csugm MS) used HipAnRlyze tthe (iscrete
transition signavalGesnofexhensdd interledvansighald, Stheaevad imodildanred

negative transitigdfpshdiaing the cAAGLELIPSALYE. { M #IELECRiZLAME! 53 i
Transition S|gna tern provi transition signal —for
the odd 10 O {HHIBPHERGSA JETRAFILIG AmETOVBE ¢ An HAcHAseR| Baxe BHgYal |

Trellis block 55beﬂohudes an even trellis circuit and an " odd .

trellis circuit that ¢3gR1i8CH1beK! k¥ GUIANRY Wilthsition signal 56 and
provides the digital data output signal. The odd trellis
circuit receives transition signal 56 as a result of metric
15 circuit 53 analyzing the odd interleave signal and the even
- trellis circuit receives transition signal 56 as a result
of metric circuit 53 analyzing the even interleave'signal.
Trellis block 55 includes trellis circuit enabling
circuits, such as two AND gates, that alternate enabling
the odd trellis circuit and the even trellis circuit so
that  each trellis circuit will receive the appropriate
transition signal 56. The odd and even trellis circuits
act as logic trees or decision trees for sequence decoding
of transition signal S6. The digital output signals of the
25 odd and even trellis circuits are interleaved or recombined
to produce one digital data output signal which serves as
the digital data output signal of viterbi detector 54.
Trellis block 55 may be implemented using a variety of
circuitry such as a series of flip-flops for storing a

30 series of the values provided by transition signal 56.
Sync detect 62 receives the digital data output signal
from viterbi 54 and provides a synchronization detect
signal. Sync detect 62 searches for the presence of a
synchronization £ield or synchronization byte in the

20



15 transition signal fromnetric circuit 53. Trellis block 55

-ultimately provides the digital data output signal.  Metric
circuit 53 receives the discrete, equalized signal fromFIR 48, the
clock signal from VFO 52, and 5 t hreshol d val ue and provides transition
signal 56 in response. Metric circuit 53 includes add, conpare,

sel ect, and store circuitry (ACSS) used to analyze the discrete

val ues of the odd interleave signal, the even interleave signal, and
t he t hreshol d val ue. Metric circuit 53 is 10 illustrated nmore fully in
FI GURE 2 and di scussed nore fully bel ow. Trellis block 55
receives transition signal 56 and rovides the digital data out put
signal. The odd trellis circuit ret®ives transition signal 56 as a
result of nmetric 15 circuit 53 analyzing the odd interl eave signal and

t he even. trellis circuit receives transition signal 56 as a result

of netric circuidigit¢adnaatiditegdte 24@R11 Bha' bhakfes | M!synchronidi€idh S
bl ock 55 |ncludqf t

rellis ciycuit enablin ircyit uch as two AND
gates, that alte&rin é}eﬁékﬂ?%g" a FNECBHB“??%Ff?% g??iﬁiisa gteqkedven
trellis circuit Symce dete_ct_; hé2 wayhseaechi fori the tswidhronéeatient fiteld
appropri at e over I ANPAd T ivled Perfod TBE Oddnasd~ CYeN tiimg! ldmaCi Epdi ts
act as Ioggc trees |}éﬁ¥§§EfN1tneg§tf r“iﬁq ence decodln% of
transition signdl? 5o r§Rt £ie ﬁgP gRg ®T6FPRe 25YnC dgtieghd62ven
trellis circuitdaye _széﬂdeay@d oregiaterbi nfer  storing paodpredefiéned
di gi tfal ]gat fat outmc&cﬁgwaegdfnchfseiae?ﬁfl di :Llazau}< thQiS' t%irdh&%YOUE%QUB
signal of viter c C qe s |s%ﬁé) e i nt.e
using a variety éo?"qﬁ’?e .Othb?_r Riis %uc#er‘o?s LY (i"essto? n?%ep fﬂr%%gg?'d
storing a 30 smchxrongizattion, £iedd. provi ded by transition signal 56.
gznc get eto 32 recei \&ﬁﬁséi‘g&]ﬁiﬂﬁ agodatte?;awt tﬁégrlﬂl.gital da%i?@u}[ébgﬁrbi
and provides g, z 0 et ec si gnal . n et gct,
searches for t he&pﬁéﬁnggg&éfgéée%". ég%?ﬁﬁ‘?ﬁ ottt Z Tc?o?lr?‘fjeqs%s gzlhe digieat
synchroni zati on gggg PWtPWe signal in parallel format once sync detect 62
enables the synchronization detect signal. Deserializer 60
places the digital data in an appropriate parallel format

such as an eight or nine-bit format and provides the data
external tc read channel 18.

15

In operation, read channel 18 receives an analog data
signal from disk/head assembly 12 through the preamplifier
when the RDGATE signal is enabled. The enabling of the
RDGATE signal indicates that a read operation is to be
performed in read channel 18. VGA 40'receives the analocg
data signal and provides appropriate gain or boost to the
analog data signal which is then filtered by LPF 42. AGC
44 provides a gain signal to VGA 40 to establish the
25 appropriate amplification .or gain needed by read
channel 18. AGC 44 receives feedback information £rom
error circuit 50 so that appropriate adjustments can be
made in the amplification or gain provided to the analog
data signal by VGA 40.

' Sampler 46, under the control of VFO 52, receives the
output signal provided by LPF 42 and synchronously samples
this signal. Sampler 46 provides a discrete, analog signal
to FIR 48. FIR 48 further conditions and equalizes the
signal and provides a discrete, equalized signal having the

20
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digital data output signal- -and enabl es the synchronization det ect
signal when a synchronization field is detected. Sync detect 62 may
search for the synchronization field - over a predefined period or

"w ndow' of tine that the 5 synchroni zation field should be present.
Sync detect 62 may include a register for storing a predefined
synchroni zation field and digital logic circuitry to conpare the
digital data output to the predefined synchroni zation field. 10
Deserializer 60 receives the digital data out put signal from
viterbi detector 54 and provides the digital data out put signal in
parall el format once sync detect 62 enabl es the synchroni zation

detect signal. Deserializer 60 - placks the digital data in an
appropriate parallel format 15 such as an eight or nine-bit fornat and
provi des the data external to read channel 18.

operation, read a 18né VeSg g Mda hann 1 Shgnal ;

di sk/ head assenb 12 throu E L €8n3€| c %n the R bi

I
signal is enabl ed%/ 'ﬁfﬁ"%’naﬁﬂg ﬁc%‘f‘P?Ehet s%ﬁ'E %?‘\S%a’iz“‘l%o‘f’r%?és antht a
read operation | anadymes the spgnabremd iprovddedsclandigitkd Jd4BA 46utput

receives the analgynal . Déh%tﬁai'i%?' GnﬂeééﬂYééj%éFﬁi@iE%hahﬁtQ%ﬁhﬂt

boost toth al og .dat a s n filtered
54 proﬁﬁwré 28a; PrEnaBe heelattal, Satan TERE,Bignal
appropr| ate anplpdraklebn formagai onceeedgdc bydeteed 62 enatilmmel tis

AGC 44 receivg; fé?ﬂﬂ%%ﬂhﬂiﬁﬂibﬁahéeécér o error circuit 50 so that
¥ ovi fed to the anal of TOORE ~3usts agEZPcasy erg abudetaclhod pdfele 4o
under the controlcifcufO 52, afeceitvexbi hdetector 54. Metric circuit 53
10 --receives the discrete, equalized signal from FIR 48, the
clock signal from VFO 52, and a threshold value. In
- response, metric circuit 63 generates a transition
signal $6 for each discrete, equalized value. Transition
signal 56 is provided as a two-bit signal and includes a
negative transition signal and a positive transition
signal. Transition signal 56 is provided over alternating
first periods and second periods.
The first period corresponds to an odd interleave
signal and the second period corresponds to an even
20 interleave signal as discussed above. For example, during
a first period, a discrete input value is analyzed and a
corresponding transition signal is provided, and then,
during a second period, the next discrete input value is
analyzed and a corresponding transition signal is provided.
25 The process continues so that every other discrete value of
the discrete, equalized signal is analyzed by metric
circuit 53 during a first period. The remaining discrete
valueé are analyzed during a second period. Each period
may be equivalent to every clock cycle or every half clock
30 cycle as provided by the clock signal of VFO 52. Metric
circuit 53, in effect, deinterleaves the discrete,
equalized sigrial into an odd interleave signal and an even

interleave signal that are analyzed during a first period
and a second period respectively.

15



oufput signal provided by LPF 42 and synchronously sanpl es

this
.signal. Sanpler 46 provides a discrete, anal og signal to FIR 48.
FIR 48 further conditions and equalizes the signal and provides a
di screte, equalized signal having the
17 desired channel response of read channel 18. Viterb
detector 54 receives the discrete, equalized signal and anal yzes the
signal and provides a digital data output

signal. Deserializer 60

receives the digital data output 5 signal and provides the digital data

out put signal in - parallel format once sync detect 62 enables
t he synchroni zati on detect signal. : FIGURE 2 is a block
diagram illustrating nmetric circut® 53 of viterbi detector 54.

Metric circuit 53 10 receives the discrete, equalized signal fromFIR

48, the clock signal fromVFO 52, and a threshol d val ue. In

][e8p0n8ﬁ, i metritc CiMé-‘t*Ti:*itc défrci\ﬁ.%n@_rﬁtﬁﬁ;lt@est harfsﬂﬂshpradcilerSé:igquel 7_63 .
or each discrete, . equalized,valye. Transitio si_gn is pr e
as a two-bit si gt }ndsFﬁBT‘ﬁdeaééieﬁSm'm'ﬁ’erga?'izvethﬁ ane%‘lct%'l 0 ecesll‘ﬁjegalgy‘gand
a positive traodbscrene, equaligemhsignplaasnd ithe ditpesholdd valpeovi dbg
?Yerta|tefngtlngthreshgldlGﬁlu@eggﬁdﬁeaﬁﬁesﬁﬂrﬁil@Erﬁﬂikipﬁe values thaEhed
irst peried correspg | .____.Signa on
peri od corSesponﬁgetgggﬁr%\%%}glz% l'Jlltr"f?ér %§§§5 sﬁlrﬁglléag%dis@t}ggrec Sa%gl\%e.
~For exanpl e, durthyeshold V%l$¢r§#°$m#h%xﬂa¥¥edP§cgbﬁedﬁﬁﬁﬁﬁt%ejQRP%%ized

anal yzed and a gignalCe@6' gefiepatedat EAPStt som. Si gecdnd saddew i clarbuiand2
then, - duriggea RS U HAOY vilife NES! cHbSGhTLE 'JHPWhe' Atk cte,
equalized signal to generate a second sum.

The first sum is provided as an input to a first
comparator 74, and the second sum is provided as an input
to a second comparator 76. First comparator 74 and second
comparator 76 compare these inputs to a metric value and
provide an output signal indicating which of the two input
15 signals is larger. During a first period, an odd
sample/hold circuit 80 provides an odd metric value to the
two comparators. .During a second period, an even
sample/hold circuit 82 provides an even metric value to the
two comparators. The reference to an "odd® and "even"
metric value does not refer to whether the wetric values
are odd or even numbers but instead refer to the énalysis
of the odd and even interleave signals.

The output signal generated as a result of the
comparisons performed by first comparator 74 and second
25 comparator 76 serve as transition aignal S56. The output of
first comparator 74 serves as the negative tramsition
signal and the output of second comparator 76 serves as the
positive transition signal. The negative transition signal
is equal to a digital "one" value when the first sum is
greater than the wmetric value and a digital "zero" value
when it is not. The positive transition signal is equal to
a digital "one* value when the metric value is greater than
the second sum and a digital “zero" value when it is not.
The negative transition signal and the positive transition
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anal yzed and a corresponding transition signal is provided. 25 The
process continues so that every other discrete val ue of t he

" discrete, equalized signal is analyzed by netric circuit 53 during a
first period. The rermaining discrete val ues are anal yzed during a
second period. Each period may be equivalent to every clock cycle or
every half clock 30 cycle as provided by the clock signal of VFO 52.

Metric circuit 53, in effect, deinterl eaves the discrete,
equal i zed signal into an odd interleave signal and an even

I nterl eave signal that are anal yzed durlng a first period and a
second period respectively.

. 48
Metric circuit 53 includes a first adder circuit 70 and a second
adder circuit 72 that each receive the

di screte, equalized signal and
thF thrers]hol g vabﬂgnaihehoum n&@rﬁéﬂmﬁbvé&m Ny dife Qite thal wamer r.muéti pl e
val ues t hat

ra Flrst adder _ci | 0] S
t hreshol d val ue Fs ?ﬁgg eeao‘feh t%fe (ﬁ SCr &%pae%ééﬁg h(-fz %ﬁgh
generate a fi rsttbem C-'Séebncﬁia!@ér EW‘Ciﬁhd 7by VFO SHfis th'Eh%hr!E’gIQGIiUe
val uedt ) thel\éal deafsitith @igAAEt&nd positiedUetadeitidngBagniD a;]l@te][sﬁr@ea
second sum S s u
conpar at or 74 and ?ﬂet%%gogn&r@u% |E§1 s fPé%ﬁ%i?&%gu?g Ln&oa@ xiEJ;"siecond
conparator 76. FPsBRcB¥Ghratve qﬂl&%ﬁ& &8cond

cmmmaﬁw?Gcmmme
these inputs to a net Firstamudtipliexer 78 préveilesrtlontintstsisymaland the

;inf'lsfat :Oggi \gg' ch s%ohg daaaoﬂad IRphed Sana wilyd pebviad Sond YeIthese ifplidd'%s @
' an output depending on the negative transition signal and
10 the positive transition signal. whenever the negative
.transition signal is equal to one, the first sum is
provided by first multiplexer 78 as an output. Whenever
the positive transition signal is equal to one, the second
sum is provided by first multiplexer 78 as an output. When
neither the nggative transition signal or the positive
transition signal are equal to one, first wultiplexer 78

does not provide eithér as an output.

The output of first multiplexer 78 is provided to and
stored in odd sample/hold circuit 80 during the first
period and provided to and stored in even sample/hold
circuit 82 during the second period. These values serve as
the odd metric value and . the even metric value
regpectively. -

An odd sample/hold enable circuit 86, an even
sample/hold enable circuit 88, and an exclusive OR gate 90
together serve as selection circuitry to ensure that the
output of first multiplexer 78 is correctly provided to
either odd sample/hold circuit 80 or even sample/hold
circuit 82. Exclusive OR gate 90 performs an Exclusive-OR
function on the negative transition signal and the positive
transition signal. The ocutput of exclusive OR gate 90 is
enabled when either the negative transition signal or the
positive transition signal is equal to one but not when
neither or both of them are equal to one. This ensures
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sanpl e/ hold circuit 80 provides an odd netric value to the
. conpar ators. During a second period, an even

circuit 82 provides an even netric value to the

The reference to an "odd" and "even" 20

whet her the netric val ues are odd or even nunbers but instead refer
to the anal ysis of the odd and even interl eave signals.

The output signal generated as a result of the " conparisons perforned
by first conmparator 74 and second 25 conparator 76 serve as transition
signal 56. The out put of first cgpparator 74 serves as the negative
transition signal and the output of second conparator 76 serves as

t he positive transition signal. The negative transition signal.

is equal to a digital "one" value when the f irst sumis 30 greater
than the netricthatuthansamplei/boldl civmerics arkuepdated withhannew met¥id .
The positive traadhie Ghly &htn o3 th@¥alenel negative &rdhfitdbn Sl§nalvalie
when t he netr|c€%%lugské.&g aIer.EQan . the second suglan adglta
"zero" val ue whénsi POFatHEy Fransition gignad 4s; §au8t HRiTINUE BASIYBSR t he
positive transi fiedfher or both of them are equal to one. 19

signal shauld not boidadbeagple/hd1d @Rbde thecadoeeéi i®.an AND gdbe thik N9

of each of thes [ ol ! e..claock sjpigna
ot ovi ded by Vo PTG R0 RBIACE ERuY 99 0, A SR8 REERS0e
transition si gndie¥ §4dsepeer valye cEremol fitgmmamultdplexey si78 when
E}JI titpl eﬁa__r I78 aspi:?cﬂ'sfijemybsnditioné OaR8 G¥ex USi ;&ﬂdﬂ?sﬁﬂbte%l% enable
irst multipl exety 2CEd V. irs cqnd _sum a
I nput s anf may gélbv‘_l'qldie@oﬁ% %,c%{}g%sfe al{ nc}olu?sésﬂna%mml ein:?r‘nx tOL'I:th%gt 8e§§‘ﬁg]llﬁé
the negat Qe tr FEIRBHntRe gfdrshperiod and the output of exclusive OR
gate 90.

two
sanpl e/ hol d
two conparators.
metric value does not refer to

on -

Therefore, odd sample/hold circuit 80 stores a
new odd metric value to replace the current odd metric
value during the first period and when either the negative
transition signal or the positive transition is equal to
one but not when neither or both of them are equal to one.

Even sample/hold enable circuit 88 is an AND gate that
enables even sample/hold circuit 82 to receive and store a
new even metric value from first multiplexer 78 when
specified conditions are met. Even sample/hold enable
circuit 88 receives a clock signal input that is enabled
during the second period and the output of exclusive OR
gate 90. Therefore, even sample/hold circuit 82 stores a
new even metric value to replace the current even metric
value during the second period and when either the negative
transition signal or the positive transition is equal to
one but not when neither or both of them are equal to one.
' Finally, second multiplexer 84 receives the odd wmetric
value from odd sample/hold circuit 80 and the even metric
value from even sample/hold circuit 82 as ' inputs and
provides one of thegse as an output. During the first
period, the odd metric wvalue is provided to first
comparator 74 and second comparator 76, and during the
second period, the even metric value is provided to first
comparator 74 and second comparator 76. A clock sgignal

15

20

25

30



10 the positive transition signal. Whenever the negative

transition signal is equal to one, the first sumis provi ded by
first nmultiplexer 78 as an output. \Wenever the positive transition
signal is equal to one, the second sumis provided by first

mul tipl exer 78 as an output. Wen 15 neither the negative transition
signal or the positive transition signal are equal to one, first

mul ti pl exer 78 does not provide either as an out put. The
output of first multiplexer 78 is provided to and stored in odd
sanpl e/ hold circuit 80 during the first 20 period and provided to and
stored in even sanple/hold circuita82 during the second peri od.
These val ues serve as the odd netric value and the even

metric val ue respectively. An odd sanple/hold enable
circuit 86, an even 25 sanpl e/ hold enable circuit 88, and an

excl usi ve OR gat @PXRYyided by (Wit $Rr 88¥Ye® a8 3creptreh sigpaltkg secemdure
t hat the autijuilpleketi 84t tondetiepminerthed fiixseopéridd Yard @hedsdcbrd

ei ther odd sanpl 34%81 Sycircuit 80 or even sanpl e/ hol d circuit 82.
Excl usi ve OR gat perforns an Excl usive-OR 30 function on the

negative transition siGa: #Rd1ENAPPRAKERYG fhat there has keen mroyidedy . irhe
out put of e%cl usi aecdidapeiecwthithe present eimidmtdonhea wethiy direviegahdve
transition signal m@ihé&‘eg use 680%' t\h i a'h%'cte'c%rs'c%@' s‘a%isggéé tReONE
but not when Rer ot h of em are : I'S

ensur es advantages set forth above tgeugh the ireferged
sanpl e/ hol d ci r cuenbodimentpdhbed idrh deserilsed riin detailvalite shéyldhbe

either the negatiRaLbgiibd | Opndt0NGhrfbus  chaddis POShINHA utABAR! | Ong

signal is ual to_one but not
9 ﬁ% B alterations can e made herein. For example, a variety of

different circuitry could be implemented in the metric

circuit to perform the novel features of the present

invention. The metric circuitry could be implemented as

all digital circuitry. The threshold values provided to

15 -first adder circuit 70 and second adder circuit 72 of

- metric circuit 53 could be provided at a negative and a

positive value or could be provided at one value and

subtracted by first adder circuit 70. Also, the direct

connections illustrated herein could be altered by one

20 skilled in the art such that two devices are merely coupled

to one another through an intermediate device or devices

without being directly connected while still achieving the

desired results demonstrated by the present invention.

Other examples of changes, substitutions, and alteratione

25 are readily ascertainable by one skilled in the art and

- could be made without departing from the spirit and scope

of the present invention. While the invention has been

particularly shown and described by the foregoing detailed

description, it will be understood by those skilled in the

30 art that various other changes in form and detail may be

made without departing from the spirit and scope of the
invention as defined by the following claims.



nei ther or both of themare equal to one. 5
circuit 86 is an AND gate that enabl es odd sanple/hold circuit 80 to
"receive and store a new odd nmetric value fromfirst multiplexer 78
when specified conditions are net. = Odd sanpl

circuit 86 receives a clock signal input that is ena "m!ﬂ ﬂmnua”mﬂ t he
first period and the output of exclusive OR efsore, odd
sanple/hold circuit 80 stores a nem/odd netrlc value to replace the
current odd netric

_ value during the first period and when either the
negative transition signal or thegspositive transition is equal to 15
one but not when neither or both of themare equal to one. Even

sanpl e/ hol d enable circuit 88 is an AND gate that enabl es even
sanple/hold circuit 82 to receive and store a new even netric val ue
fromfirst nmul tNBAEXES CEAIMERNIS: specified conditions are net.. Even
sanpl e/ hol d enabl e 20 circuit 88 receives a clock signal input that is
enabl ed during the second er| d and the, out put of exclusive OR
gate 90. Therefore, gv Fr EBPPT32 N bres a new even
metric value to replacﬁltéﬂaaﬂmereQLan¢n1qmsmﬂbbe to subtyaftea delreshalide

second perg od a@dwee@reht aeaﬂseeeeegalgﬁel 28nd tb’ genetdtd) Si pnade Qdudd he
p05|t|ve tran5|t|on S

Qdd sanpl e/ hol d enabl e

one but not when neither or both of
t hem are equal 15" resp°n‘e' Finally, second nultiplexer 84 receives
the odd metric a weicondf addevddivent coprirable touiaddghanhrasheldn
metric VYJjaite f:bomvaaséeeaéeém&l AT Wd deheratienpusecend Sim

HC

provi des one of thes S During the first period, the
odd netric val ues °§T§'\5’i 585 8#rrst conparator 74 and t§Lecond

conpar at 0k076, and dur ifigatheomparatoseeprEaple | ¢Rl, CAMRATS ERendirPE §4Pue
is provided to fiigiial and anCodPHetrit vdluadhadngnd £irgaperiodrand Lo

clock signal generate a negative transition signal in response, the
first comparator operable to compare the first sum signal
and an even metric value during a second period and to

15 generate the negative transition signal in response;

a second comparator operable to compare the second sum
signal and the odd metric value during the first period and
to ‘generate a positive transition signal in response, the
second comparator operable to compare the second sum signal

20 and the even metric value during the second period and to
generate the positive transition signal in response;

an odd sample/ho].d circuit operable to store the odd
metric value and to provide the odd metric value during the
first period, the odd sample/hold circuit operxrable to

25 update the odd metric value during the first period with
the value of the first sum signal if the negative
transition signal indicates that the first sum signal is
greater than the current odd metric value, the odd
sample/hold circuit operable to update the odd metric value

30 during the first period with the value of the second sum

 signal if the positive transition signal indicates that the

second sum signal is less than the current odd metric
value; and



21 ' provi ded by VFO 52 serves as a control signal to second
nul tiplexer 84 to determne the first period and the second peri od.
Thus, it is apparent that there has been provided, in.5-——aecordance with

the present invention, a nmetric circuit and method for
viterbi detector that satisfies the advant ages Cﬁ“m m‘m“\“m\a

Al t hough the preferred enbodi nent has been des

ail* it

shoul d be under stood that various changes, substit utlons and 10
alterations can be nmade herein. For exanple; a variety of di fferent
circuitry could be inplenented in the netric circuit to performthe
novel features of the present inveg%ion. The metric circuitry could
be i npl emented as all digital circuf“try. The threshol d val ues
provided to 15 first adder circuit 70 and second adder circuit 72 of
metric circuit 53 could be provided at a negative and a posi tive

val ue ?r 7goul dAI be provaxdwba{ sARBL¥ M ¥ecuit op&ldhg.éa%eﬁh@é futfesbv&ddgr
ci rcui SO nnecyl o LN e
altered by one 20““%E EEIVFE |ﬁn9h5°a$f°v%%% Fﬁ%teYéQ %ﬁglces a%é dﬁg&kg
coupl ed, t otbaesegrnth@eripdoeit Avennserpiafhald giyrudt grPeyallecso
wi t hout being dir aptlaye Cele tedl] méBiche Galde ARG ithe hlaeond pericﬂmmtad
omoes, o asH Vel NESSHe | BUEGHA Obup st ¥ EKITAGR e

changes, substitutions, i ons

one skilled in th&ransis Aen signalcmﬂww%ﬁd@twthﬁoaﬁcaeﬁsavw nit}‘-ﬂ"radmitshe
spirit and scope greaterofthm thes efirrenteneven. methillce vdlud Nvehei averas

been parti I es by g g ai
Geccr i ption, Pt witdRe pRIR b At '%quse S5 EPEQ‘-@ a0 Ve éithac
various ot her char¥pdae “F%#SthﬁjSGEP dbylt e viedye ﬂFtHB%tse°°nd
departing fiom t henspisighahni Stﬂﬁppoﬁitww cransit:.omvatgnaln iadidateéserhdty

the follow ng cl a'tjﬁa second sum signal is less than the current even metric

value.
2. The metric circuit of Claim 1 wherein the
15 threshold value is a programmable value.
3. The metric circuit of Claim 1 wherein the

threshold value provided to the first adder circuit is
provided at a negative value and the threshold wvalue

20 provided to the secpnd adder circuit is provided at a
positive value. -

4. The wetric circuit of Claim 3 wherein the
threshold values are programmable values.
25
5. The mei:.ric circuit of Claim 1 further cowprising:
a first multiplexer operable to provide either the
first sum signal or the second sum signal to the odd
sample/hbld circuit during the first period, the first
30 multiplexer operable to provide either the first sum signal
or the second sum signal to the even sample/hold circuit
during the second period.



22 WHAT 1S CLAI MED I S: 1. A nmetric circuit conprising;

a first adder circuit operable to subtract a threshold 5 val ue froma
di screte signal and to generate a first sum signal in response;

a second adder circuit operable to add the threshold val ue to the’
di screte signal and to generate a second sum 'signal in response;

a first conparator operable to conpare the first sum m’"w ﬂﬁ

odd metric value during a first period and to 4 IIEIH I;Elmv
transition signal in response, the first conpardtof opertable to
conpare the first sum signal and ag,even netric value during a second
period and to 15 generate the negativ€transition signal in response;
a second conparator operable to conpare the second sum signal and
the odd netric value during the first period and to generate a

positive transition ségnafhe meesponsixrcidte of Claimes owlde feipahd First
Qheranl & 1o SOrPRAR: 1R §80ai Il WA by 0ne. ndiliLVAC BURD (B i adh U°

during the second gerh positive tran
signal in respong® e positive frapgit aﬁp?%-g%}d circuit operable to

store the odd metric value and to provide the odd netric val ue
during thes firgt pehaog / Cklg | & 1O
25 update the ogg git ri g:‘ vaeﬁgb‘ﬁ,&??g‘:&fﬂ%?l ?g%ggefl ogéi-ef}ﬁe&?eb ﬁrstt he
val ue of the firSB+54RIEXGhal PFIVE é’g‘ﬁ ret sum t|’~§nst‘?on“%§§jﬁé’le

i ndi cates that tkransitiogusignghaindtcates thatyrehé efitémnsdrioes mynadents odd
metric value, th t e
meLri e va e o redder t:han ch%amaheénaekﬂc%ﬁgé d&ﬁﬁiﬁ@tﬁ €@y Hedﬁéxﬁié&‘,

durin first per.l [ue of” t

second sum the §ﬁ’é?t| "3&&? Gl \Fb‘p‘%"r‘é’ﬁs‘ tF8R & i 3¢ cdfethehat
t he 10 secomsgﬁwslWSﬁtslobessgn&iarirﬂieatasremt dthe mecond sum is

val ue; and less than the odd metric value during the first period, the
first multiplexér provides the first sum if the negative
transition signal indicates that the first sum signal is
greater than the even metric value during the second
period, the first multiplexer provides the second sum if
the positive transition signal indicates that the second

sum is less than the even metric value during the second
period.

15

20 8. The metric circuit of Claim 1 further comprising:

a second multiplexer operable to receive the odd
metric value and the even metric value, the second
multiplexer operable to provide the odd metric value to the
first comparator circuit and the second comparator circuit
during the first period, the second multiplexer operable to
provide the even metric value to the first comparator

circuit and the second comparator circuit during the second
period.

25

30 9. The metric circuit of Claim 1 wherein the negative

trangition signal and the positive transition signal are
provided to an odd trellis circuit during the first period
and to an even trellis circuit during the second period.



23 an even sanple/hold circuit operable to store the even
metric value and to provide the even netric value during the second

period, the even sanple/hold circuit operable to update the even

metric value during the second period with 5 t he value of the second
sum signal . if the negative transition signal I ndi at the
second sumsignal is greater than the current ev value

even sanpl e/ hold circuit operable to update the M”

val ue during the second period with the value of the secon

signal if the positive transition signal indicates that the %econd
sumsignal is less than the current even 2®tric val ue. 2.
The metric circuit of Caim 1 wherein the 15 threshold value is a
pr ogr anmabl e val ue. 3. The nmetric circuit of Cdaim 1
wherein the - thresho| d val ue provided o the figst adder circyit is

provided at a negativé%al dBe M rife cimruih o q}él”ﬁ‘e rthey GOMRLYSIRIt he
second adder circuit is pedectidnatcixcuitry qpesiablee t<l gpable the odd

4. The netric cidwglid/no?f cthaiiit b fﬂd@ thBCoaad metrié”#%ﬂ@@'du¥
are programmabl e val'ues. circu

25
further conprisingp® first period yitht |Y?SF%X8£ gBﬁr&BFS tS“Brggﬁﬁé
either the 3 Whemsttmumqga;mane otransitissoimnah sigditates t thatdthe

sanpl e/ hol d circugirgtir 508 69gnbir sk Reehedr thénf theé! current odd metric
value and the positive transition sigmal indicates that the

second sum signal is greater than the current odd metric

value, the selection circuitry operable to enable the odd

sample/hold circuit to replace the odd metric value during

“the first period with the value of the second sum signal
when the negative transition signal indicates that the

first sum signal is less than the current odd metric value

and the positive transition signal indicates that the

second sum signal is less than the currept'odd metric

value, the selection circuitry operable to enable the even

sample/hold circuit to replace the even metric value during

the second period with'thg value of first sum signal when

the negative transition signal indicates that the first sum

signal is greater than the current even metric value and

the positive transition signal indicates that the second

sum signal is greater than the current even metric value,

the selection circuitry operable to enable the even

sample/hold circuit to replace the even metric value during

25 the second period with the value of the second sum signal
when the negative transition signal indicates that the

first sum gignal is less than the current even metric value

and the positive transition signal indicates that the

second sum signal is less than the current even metric
30 value.

10

15

20

11. The metric circuit of Claim 10 wherein the

selection circuitry includes an EXCLUSIVE OR gate and an
AND gate. '



30 mul ti pl exer operable to provide either the first sun15|gnal or
the second sumsignal to the even sanple/hold circuit
second peri od.

6. The netric circuit of daim5 wherein the first m‘\ﬁ“ m&‘ \“
controlled by the negative transition signal and t A
transition signal. 5 7. The netric CII’CUIt of Claim 6 wherein the

first mul tipl exer provides the first sumif the negative
transition signal indicates that the first sum signal is . greater than

the odd netric value during the first pSZH the first multiplexer
provi des the second sumif the 10 |ve transition signal indicates

that the second sumis | ess than the odd netric value during the
first period, the first multiplexer provides the first sumif the

negative transppi onaSvfertbi Bltedtor tbapridindi rst sum si gnal S
greater than the eve r e the s E‘H %

first multiplexer prgvﬂgérzl heﬁjggégn#épg’ L 2 dlsg ﬁm tion
si gnal indi cat edngh&e gsaesateng tranalt%?ﬂn#’@ﬂaéssiuﬂ%&ﬁ Fhélé’é’érp‘h’é%ﬂ c

val ue during thandedoring a secfitd igkioddn responsep. The netric circuit
of Claimlfurther c r ng; S | tJ pl er eto
receive t kllse odd P b?hl ct5%1+lis cd":tc#& Sﬁgpg?ﬂijc QOD %%Lf"ﬁg épond

mul ti pl exer oper@3R8itdon, signal t%lé’adtﬂét flEsy apeEied t“rh? odd trelliai
conpar ator circuiratit t bpesabbed wonparfbon dequérice’Sdecodiig N@ankdhetdi r st
period, the secoublJPithl Bhe3&i diRAtaR Sal# output signal in response; and
an even trellis circuit operable to receive the
10 transition signal during the second period, the even
" trellis circuit operable to perform sequence decoding and
to generate an even digital data output signal in response.

13. The viterbi detector of Claim 12 further
15 comprising:

a multiplexer operable to receive the odd digital data
output signal and the even digital data output signal, the
multiplexer operable to generate a digital data output
signal by alternately providing the odd digital data output

20 signal and the even digital data output signal.

14. The viterbi detector of Claim 12 wherein the
viterbi detector is a detector performing wmaximum
- likelihood detection in a class IV read channel.
25 :
15. The viterbi detector of Claim 12 wherein the
transition signal includes a positive transition signal and
a negative transition signal. '



provide the even netric value to the first conparator circuit and

the second conparator circuit during the second period. 30

9. The netric circuit of Caim1l1 wherein the negative transition

signal and the positive transition signal are —providedto anm odd

trellis circuit during the first period and to '"ﬂ"_f
snNg#*

circuit during the second period.
25 10. The metric circuit of Caim1 fur

a selection circuitry operable to enable the odd sanpl e/ hold circuit
to replace the odd netric value during the first period with the

val ue of the first sumsignal 5 when t negative transition signal

i ndi cates that the . first sumsignal “i's greater than the current odd
metric val ue and the positive transition signal indicates that the
second sumsignal is greater than the current odd netric - val ue, the
selection circuitry opﬁsabUEnkehﬁaab$£fgéhhnaﬁinaoa crangit torhaidnalrdnia to

repl ace the odd riod with the val ue
of the second sugﬁé%ﬁ%l ﬂf&ﬂ”ﬁgﬂ%réﬁinﬁ E‘Q‘?I Ve‘ﬁé’%ﬁ. tion signal
i ndi cates that the receiving mﬁiasﬁgnéia%eves‘salt%n the current odd
metric val ue andgéhergoiig | 4e £1¥stSi Buln iy ancﬁmu:espéfmatby 15
second sum s gnal an t t C th fi
el ecti on oy our t FUDSEEEELE™3, | CRrEUIGT vaTHe THrok” che cifBlQudcifee,
to replace the ev¥AIHBiric val ue during t he second perlod with the
val ue of first sum siggehersteing a setbadnegat dueihgatet ifdrssi pexiiod by
indicates that theqhlihg! aStHreshold value to the first discrete value;

generating a transition signal during the firat period

10 . by comparing the first sum to an odd metric value and the
second sum to the odd metric value;
receiving a second discrete value;
generating a first sum during a second pericd by

subtracting a threshold value from the second discrete
15 value;

generating a second sum during the second period by
.adding a threshold value to the second discrete value; and
generating a transition signal during the second
period by comparing the first sum to an even metric value
20 and the second sum to the even metric value.

17. The method of Claim 16 wherein the transition
signal includes a negative transition signal as a result of
the comparison of the first sum, and a positive transition'

25 signal as a result of the comparison of the second sum.



20 signal is greater than the current even netric val ue and t he

positive transition signal indicates that the second sum signal is
greater than the current even netric val ue, . the selection circuitry
operabl e to enable the even sanpl e/ hold circuit to replace the even
metric value during 25. the second period with the value o

sum si gnal when the negative transition signal ingh the
first sumsignal is less than the current even netric vﬂmnﬂ”mm Qﬂﬂmrhe
positive transition signal indicates that the second sum si el s

| ess than the current even netric 30 val ue. - ' 11 The
metric circuit of Claim10 wherein the 28 selection circuitry includes
an EXCLUSI VE OR gate and an AND gat e.

26 12. A viterbi detector conprising: a netric
circuit operable to cei a_discret | I t Lage
transiti olr[: si gnal duir:if'ng gﬁFi rm%!tti%gr i d%ﬂ%‘ 1zfndf%'$l{b%g §°"§>§§§ﬁ§5pgﬁﬁod I n
response; 5 steps @f: odd trellis circuit operable to receive the

transition signal dutepfading theséddaidtadc vAPu®ddlting khe first miried t
oper abl e L0 per {OL SRAUAAGE deoorl MLAIshA ir cne $INEEAEAnaPs Ylbalicgl !
data out put signal in response; and an even trellis clTrcurt
operabl e o recthgp the pdd metriesivalys andgride RRTIMT THe i Penarer
~period, the ethan the oddahétricivaluet; operabl e to perform sequence
ggggg'n ng and 1 QefREIM %1 ofY Shetili¥ LAhulahdr il Rile ¥i008!pdflioa
with the value of the second sum if the second sum is less
than the odd metric value and the first sum is less than
10 the odd metric value; .
replacing the even metric value during the second
period with the value of the first sum if the first sum is
greater than the even metric value and the second sum is
greater than the even metric value; and )
replacing the even metric value during the second
period with the value of the second sum if the second sum
is less than the even metric value and the first sum is
lese than the even metric value.

15

20 19. The wmethed of Claim 16 wherein the generating a

transition signal during the first period step and the
generating a transition signal during the second period
step include generating a negative transition signal by
comparing the first sum to the metric value, and generating

a positive transition signal by comparing the second sum to
the metric value.

25

20. The method of Claim 16 wherein the generating a
first sum during a first period step and the generating a
first sum during a second period step include adding a
negative threshold value to the discrete value.

30



13 The viterbi detector of Cla|m12 further 15
.a mul tiplexer operable to receive the oddl di'giital data
and the even digital data output signal, the

conpri si ng:
out put signal -
mul ti pl exer operable to

generate a digital data output signal by alternately providing the
odd digital data output 20 signal and the even digital data output

si gnal . - 14, The viterbi detector of Claim12 wherein the
viterbi detector is a detector perform ng maxi mum | i kel i hood ,
detection in a class IV read channel. 25, 15. The viterhbi
detector of Claim 12 wherein the ?ransi tion signal includes a
positive transition signal and a negative transition signal.

27

16. A nmethod for generating a transition signal in a
metric circuit conprising theMEFYREE OIRCUIT AND METHOPC&FORIi ng a first

di screte val ue, genajg Mo ad virrERBrSHBTrEetoR0 a first period by
5 subtracting a threshold value fromthe f irst discrete val ue;
generating a second sum during rst_perd addi ng a threshol d

value to the first discrete va . a transition

signal during the firgtmdtedicoditluic P¥3F IR Mdhdd € hak S4M [ dp3dd
metric value andglPEeeoy (siqcogges%ngotvqéegg Ol Gt b €r ¥ YWirouit (s3)
5 provides a transition signal (56) to a trellis block (55)
- during a first period and a second period. The transition
signal (56) includes a negative transition signal and a
positive transition signal. The metric circuit (53)
includes a first adder circuit (70), a second adder circuit
.-(72), a first comparator (74), a second comparator (76), an
odd sample/hold circuit (80), and an even sample/hold
circuit (82). The metric circuit (53) receives a discrete
signal and a threghold value at the first adder
circuit (70) and the second adder circuit (72). The f£irst
adder circuit (70) generates a first sum and the second
adder circuit (72) generates a second sum. The first
comparator (74) compares the first sum to an odd metric
value, stored in the odd sample/hold circuit (80), during
the first period, and compares the first sum to an even
metxric value, stored in the even sample/hold circuit (82),
during the second period. The second comparator (76)
compares the second sum to the odd wietric value during the
first period, and compares the second sum to the even
metric value during the second period. The value of the
odd metric value and the even metric value are replaced

with either the first sum or the second sum only when
specified conditions are met.

10

1s

20

25

Figure 2



recei ving a second di screte val ue; . generating a first sun1dur|ng
. a second period by subtracting 4 thieshol d val ue fromthe .second
"discrete 15 val ue; generating a second sum during the second
period by adding a threshold value to the second discrete val ue; and
generating a transition signal during the second peri od by conparing
the first sumto an even netric value 20 and the second sumto the even
nmetric val ue. 17. The method of Claim 16 wherein the
transition signal includes a negative transition signal as a result
of t he conparison of the first fu?] and a positive transition 25
signal as a result of the conparison o h% second sum

28 18. The nethod of Claim16 further conprising the

steps of: replacing the odd netri & value during the first period
with the value of the first sumif the firssfsumis greater S t han t he
odd metrlcﬁa\e‘ . . ~— ~tfqn the odd netric

val ue; repl ac odd netri e=vetprrey during jthe first period
with the value of|thenge¢ondssumif the sgcon Jnk5s | 4ss t han t he
odd netric value pnd ©h poisdost thah LO® tHe odd netric val ue;
repl aci ng the eveh netri ejduring the §%§@nu period with the
value of the firstf sumi jrst sumi§ 1 jgreater] than the even

metric value and {he second Bumis gredter than t even netric
val ue; and '
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15 replacing the even netric value during the second peri od

aith the value of the second sumif the second sum Is less than the
even netric value and the first sumis | ess than the even netric
val ue. 20 19. The nethod of Cl aim 16 wherein the generating a
transition signal during the first period step and the generating a
transition signal during the secondgpgrpod step include generating a
negative transition signal by - conparing the first sumto the nmetric
val ue, and generating 25 da positive transition signal by conparing the
second sumto the nmetric val ue. 20. The nmethod of C aim
16 wherein the generatin first sumduringaa first period step and
the generating a 30 ?gﬁ;St sum during a secogggg g iod step include
adding a - negatlve reshol d value to the rete val ue. -
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