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This invention relates generally to the field of 
infc;>rmation storage and more particularly to a metric 

5 ~circuit and method for use in a viterbi detector. 
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BACKGROUND OF THE INVQTION 

As computer hardware and software technology continues 

to progress, the need for larger and faster mass.storage 

devices for storing computer software and data continues to 

5 increase. Electronic databases and computer applications 

such as multimedia applications require large amounts of 

disk storage space. An axiom in the computer industry is 

that there is no such thing as enough memory and disk 

storage space. 

10 To meet these ever increasing demands, hard disk 

drives continue to evolve and advance. Some of the early 

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 

15 inch platters. Correspondingly, advances in the amount of 

data stored per unit of area, or areal density, have 

dramatically accelerated. For exall\ple, in. the 1980's, 

areal density increased about thirty percent per year while 

in the 1.990 • s annual areal density increases have been 

20 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 

25 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. 
30 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 motor, read/write 

heads, an actuator, a pre-amplifier, a read channel, a 

write channel, a servo controller, and control circuitry to 
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· control the operation of the hard disk drive a.nd to 
properly interface the hard disk drive to a host or system 
bus. The read channel, write channel, servo controller, 
and a memory may all be implemented as one integrated 

5 circuit that is referred to as a data channel. The control 
circuitry often .. includes a microprocessor for exe(!uting 

control programs or instructions during the operation of 

the hard disk drive. 
A hard disk drive (BDD) performs write and read 

l 0 .. -operations when storing and retrieving data. A typical HDD 

performs a write operation by transferring data from a host 
interface to its control circuitry. The control circuitry 
then stores the data in a local dynamic random access 
memory (DRAM). A control circuitry processor ·schedules a 

15 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 

20 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 512 bytes of user data per 
sector. A write clock cont.role the timing of a write 

operation in the write channel. The write channel may 
25 encode the data so that the data can be more reliably 

retrieved later. 
In a read oi;;eration, the appropriate sector to be read 

is located and ~ta that has been previously written to the 
di•k 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 
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appropriate level using automatic gain 
techniques. The read channel then filters 
eliminate unwanted high frequency noise, 

control (AGC) 

t~e signal, to 
equalizes the 

channel, detects •zeros• and •ones" from the signal, and 
5 formats the· binary data for the control circuitry. The 

binary or digital data is then tranaferred from the read 
channel to the control circuitry and is stored in the DRAM 
of the control circuitry. The processor then communicates 
to the host that data is ready to be transferred. A read 

10 clock controls the timing of a read operation in the read 
channel. 

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. In this technique, the waveform is level 
detected and if the waveform level is above a threshold 

25 during a sampling window, the data is considered a "one." 
More recently, advanced techniques utilizing discrete time 
signal pro~essing (DTSP) to reconstruct the original data 
written to the disk are being used · in read channel 
electronics to improve areal density. In these techniques, 

30 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 t~s of synchronous~y sampled data 
(SSD) channels. Partial response, maximum likelihood 
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(PRML); extended PRML (EPRML); enhanced, extended PRML 

(EEPRML) ; fixed delay tree search (POTS) ; and decision 

feedback equalization (DFE) are several examples of 
different types of SSD channels using DTSP techniques. The 

5 maximum likelihood detection performed in many of these 
systems is usually performed by a Viterbi decoder 
implementing the Viterbi algorithm, .named after Andrew 
Viterbi 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 rea~ operation is to 
accurately retrieve the data with the· lowest bit error rate 
(BER) in the highest noise environment. The data channel 
circuitry, ~ncluding both a read channel and a write 
channel, may be implemented on a single integrated circuit 

20 package that contains various input and output CI/O) pins. 
The viterbi detectors used in SSD channels receive a 

read signal and perform maximum likelihood detection to 
detect •zeros• and •ones• from. the read signal. A viterbi 

detector includes a metric circuit. and a trell.ia ~ircuit. 

25 The metric circuit performs an add, compare, select, and 
store funct1on 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 metric 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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decoding to provide a digital output signal .. The trellis 
circuit acts as a logic tree or decision tree for sequence 
decoding. 

Depending on the partial response or characteristic 
5 desired in an SSD channel, the SSD channel may require two 

viterbi detectors to process the read signal. In such a 
channel, the read signal is deinterleaved into an even and 
an odd interleave signal and each interleave signal is 
analyzed by a separate viterbi detector. The read signal 

1 O is deinterleaved by sampling the signal at altemating 
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 circuitry increases overall 
fabrication costs and increases overall power consumption 
which becomes especially critical in portable electronic 

20 applications such as laptop or notebook computers. 
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SUMMARY OF THE INVENTXQN 
From the foregoing it may be appreciated th~t a need 

has arisen for a metric circuit and method for use in a 
viterbi detector. In accordance with the present 

5 invention, a metric circuit and method are provided that 
allow a single metric circuit to replace two metric 
circuits in a viterbi detector. The single metric circuit 
is used in a viterbi detector to provide a transition 
signal to two trellis circuits. In performing its 

10 ·- 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. 

According to the present invention~ a metri.c circuit 
15 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 

20 si~ is provided as a positive and a negative transition 
signal. The metric 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 period, 
the first sum is compared to an odd met~ic value using the 
first comparator and the second sum is.compared to the odd 

30 metric value using the second comparator to generate a 
negative transition signal and a positive transition signal 
respectively. 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 
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using the second comparator to generate a negative 
transition signal and a positive transition signal 
respectively. The odd sample/hold circuit stores and 
provides the odd metric value during the first period. The 

5 even sample/hold circuit stores and provides the even 
metric value during the second period. The value of the 
odd metric and the even metric are replaced 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 reductio~_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. 
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BRIEF PESCR,IPTION OF THE PBAWIBGS 
For a more complete understanding of the present 

. . 
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 l 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. 
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PETAILEP DESCRIPTION OF THE IHYJUtTION 

FIGURE 1 is a block diagram of read channel 18 of a 
disk drive mass storage system. Read channel 18 is a 
synchronously sampled read channel and is implemented as a 

5 partial response, class IV (PR4) or duobinary, dicode read 
channel. Read channel 18 includes a variety of circuit 
modules used to process and condition an analog. read signal 
received from a disk/head assembly 12 through a 
preamplifier during a read operation. The circuit modules 

10 of read channel 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 so, a variable frequency 
oscillator (VPO) 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· 

20 data signal may then be supplied to control circuitry, 
external to read channel 18, and ultimately to a host 
syst:em. 

The combination or aubcombination 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 l, and other control signals 
not shown in FIGURE 1, are supplied to read channel 18 and 
may be ~ccessed 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 

WRGATB is enabled when a write operation is to be performed 
by a write channel, and the WEDGE signai is enabled when a 
servo wedge operation is to be performed by servo 
circuitry. 
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During a read operation, VGA 40 receives an analog 
data signal or read signal from the preamplifier that 

originates from disk/head assembly 12. VGA 40, along with 

AGC 4 4, work together to provide an appropriate 
5 amplification to the analog data signal as needed by read 

channel 18. AGC 44 receives feedback information from 
error circuit SO so that appropriate adjustments can be 
made in the amplification or gain provided to the analog 
data signal by VGA 40. Error circuit 50 provides an analog 

10 .... error 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. 

VGA 40 provides an amplified analog data signal to 
15 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 noise. LPF 42 

also provides waveform shaping and amplitude boost. LPF 42 
may be a continuous time ?th order filter designed using 

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

servo mode. The cutoff frequency and boost of LPP 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 signal at 

discrete· times and holds or provides the sampled value 
until the next sample time. VPO 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 ~ircuit 
such as a circular sample and hold circuit that is time 
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sequence multiplexed to FIR 48 so that the correct time 
sequenced value is presented to FIR 48. 

FIR 48 receives the discrete, analog signal from 
sampler 46 and generates a discrete, equalized signal that 

S is equalized to the target function o·f viterbi detector 54. 

FIR 48 may employ a plurality of filter coefficients or 
taps to filter the signal. FIR 48 includes a plurality of 
multipliers that each receive 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 4 8. As the 

discrete. analog input signal changes, the consecutive one 
15 of the discrete values are shifted from one multiplie~ 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 vi t·erbi detector 54 and error 
circuit so. 
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Error circuit 50 receives the discrete, equalized 
signal provided by FIR 48 and provides an error signal. 
The error signal serves as an input to VFO 52 and. AGC 44. 

The error signal indicates how far the discrete values of 
5 the discrete, equalized signal differ from an ideal target 

value. Error circuit so may include comparators and 
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 l, are provided to error 
circuit SO. 

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 viterbi 
detector 54 receive the clock signal from VFO 52. VFO 52 

also receives a reference clock signal, not shown in 
FIGURE 1, to generate the clock signal. The clock signal 
controls the sample ti~e or sample intervals of sampler 46 

20 and serves as a timing signal to metric circuit 53. During 
a read operation, VFO 52 receives the error signal ·and 

adjusts the frequency of its output clock signal an amount 
corresponding to the error signal. VFO 52, sampler 46, FIR 

48, and error circuit SO together provide a sampled time 
25 phase locked loop function to read channel 18. Although 

not expressly shown in FIGURE l, the clock signal may be 
provided to any of the circuit modules of read channel 18 

that need the cloc~ s~gnal for synchronous operation. For 
example, the comparators and storage registers used in 

30 error circuit so 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 a1gorithm for 
anal.yzing the partial i::-es~onse signal provided by the 
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discrete, equalized signal of FIR 48. Viterbi detector 54 
generates a digital data output signal in response. In 

performing maximum likelihood detection, the viterbi 
algorithm provides an iterative method for determining the 

5 best path along branches of a trellis diagram. The maximum 
likelihood detection involves analyzing a number of 
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 

10 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 
duobinary, dicode read channel. In a PR4 system, the 

15 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 

20 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 54 and then recombined into one digital data 
output signal. 

25 Metric circuit 53 alternately analyzes the even 
interleave signal 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 

30 alternately provides a transition signal for the odd 
interleave signal and then for the even interleave signal. 
Trellis block SS includes an even trellis circuit and an 
odd trellis circuit that each receive the corresponding 
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transition signal from metric circuit 53. Trellis block SS 

ultimately provides the digital data output signal. 
Metric circuit 53 receives the discrete, equalized 

signal from FIR 48, the clock signal from VFO 52, and 
5 threshold value and provides transition signal 56 in 

response. Metric circuit 53 includes add, compare, select, 
and store circuitry (ACSS) used to analyze the discrete 
value• of ehe odd interleave signal, the even interleave 
signal, and the threshold value. Metric circuit 53 is 

10 ·~ i_llustrated more fully in FIGURE 2 and discussed more fully 
below. 

Trellis block SS receives transition 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 analyi:ing 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 SS includes trellis circuit enabling 
circuits, such as two AND gates, that alternate enabling 

20 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 56. The digital output signals of the 

25 odd and even trellis circuits are interleaved or recombined 

to produce one digital c:lata output signal which serves as 

the digital data output signal of Viterbi detector 54 • 

Trellis block SS 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 field or synchronization byte in the 
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digital data output signal and enables the synchronization 
detect signal when a synchronization field is detected. 
Sync detect 62 may search for the synchronization field 
over a predefined period or •window" of time that the 

5 synchronization field should be present. Sync detect 62 
may include a register for storing a predefined 
synchronization field and digital logic circuitry to 
compare the digital data output to the predefined 
synchronization field. 

10 Deserializer 60 receives the digital data output 
signal from viterbi detector 54 and provides the digital 
data output signal in parallel format once sync detect 62 
enables the synchronization detect signal. Deserializer 60 

places the digital data in an appropriate parallel format 
15 such as an eight or nine-bit format and provides the data 

external to read channel 18. 

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 

20 RDGATE signal indicates that a read operation is to be 
performed in read channel 18. VGA 40 receives the analog 
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 lB. AGC 44 receives feedback· information from 
error circuit 50 so that appropriate adjustments can be 
made in the amplification or gain provided to the analog 
data signal by VGA 40. 

30 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 Fl:R 48. FIR 48 further conditions and equalizes the 
signal and provides a discrete, equalized signal having the 
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desired channel response of read channel 18. Viterbi 
detector 54 receives the discrete, equalized signal .and 

analyzes the· signal and provides a digital data output 

signal. Deserializer 60 receives the digital data output 

5 signal and provides the digital data output signal in 

parallel format once sync detect 62 enables the 

synchronization detect signal. 
FIGURE 2 is a block diagram illustrating metric 

circuit 53 of viterbi detector 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 53 generates a transition 
signal 56 for each discrete, equalized value. Transition 
signal 56 is prov~ded as a two-bit signal and includes a 

15 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 

si-gnal and the second period corresponds to an even 
20 int_erleave signal as discussed above. For example, during 

a first period, a discrete input value is an~lyzed 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 . . 

values 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 signal into an odd interleave signal and an even 
interleave signal that are analyzed during a first period 
and a second period respectively. 
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Metric circuit 53 includes a first adder circuit 70 

and a second adder circuit 72 that each receive the 

discrete, equalized signal and the threshold value. The 

threshold value may be one value or multiple values that 

5 are programmable. First adder circuit 70 subtracts the 

threshold value from the value of the discrete, equalized 

signal to generate a first sum. Second adder circuit 72 

adds the threshold value . to the value of the discrete' 

equalized signal to generate a· second sum. 
10 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/bold circuit 82 pro_vides an even metric value to the 

two comparators. The reference to an •odd. 11 and "even" 

20 metric value does not refer to whether the metric values . 
are odd or even numbers but instead ref er to the analysis 

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 signal 56. The output of 

first comparator 74 serves as the negative transition 

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 

30 greater than the metric 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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signal should not both be equal to one at the same time. 

The timing of each of these comparisons are controlled by 

the clock signal provided by VFO 52. The negative 

transition signal and positive transition signal also serve 

5 as control signals to a first multiplexer 78 and as inputs 
to an exclusive OR gate 90. 

First multiplexer 78 receives the first sum ~nd the 

second sum as inputs and may provide one of th~se i~puts as 

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 

15 neither the negative transition signal or the positive 

transition signal are equal to one, first multiplexer 78 

does not provide· either as an output. 
The output ·of first multiplexer 78 is provided to and 

stored in odd sample/hold circuit 80 during the first 

20 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 
respectively. 

An odd sample/hold enable circuit 86, an even 

25 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 
30 function on the negative transition s~gnal and the positive 

transition signal. The output of exclusive OR gate 90 is 
enabled when either the negative transition signa_l 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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that the sample/hold circuits are updated with a new metric 
value only 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. 

5 Odd sample/hold enable circuit 86 is an AND gate that 
enables odd sample/hold circuit 80 to receive and store a 

new odd metric value from first multiplexer 78 when 
spe_cif ied conditions are met. Odd sample/hold enable 
circuit 86 receives a clock signal input that is enabled 

10 during the first period and the output of exclusive OR 

gate 90. Therefore, odd sample/hold circuit eo 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 

15 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 w~en 

specified conditions are met. Even sample/hold enable 
20 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 

25 trans~tion 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 metric 
value from odd sample/hold circuit 80 and tne even metric 
value from even sample/hold circuit 82 as · inputs and 

30 provides one of these as an output. During tne first 
period, the odd metric value 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 signal 
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provided by VFO 52 serves as a control signal to second 
multiplexer 84 to determine the first period and the second 
period. 

Thus, it is apparent that there has been provided, in 
5 accordance with the present invention, a metric circuit and 

method for use in a viterbi detector that satisfies the 

advantages set forth above. Although the preferred 
embodiment has been described in detail, it should be 

understood that various changes, substitutions, and 
10 alterations can be made herein. For example, a variety of 

different circuit~ 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 alterations 

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 tbe 

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

made without departing from t.he spirit and scope of the 
invention as defined by the following claims. 
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lfHAT IS CLAIMED IS; 

1. A metric circuit comprising: 

a first adder circuit operable to subtract a threshold 

5 value from a discrete signal and to generate a first sum 

signal in response; 
a second adder circuit operable to add the threshold 

value to the discrete signal and to generate a second sum 

signal in response; 
10 a first comparator operable to compare the first sum 

signal and an odd metric value during a first period and to 

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, t~e 

second c~ator 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; 

~ odd sample/hold circuit operable to store the odd 

metric value and t~ provide the odd metric value during the 

first period, the odd sample/hold circuit operable. 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 
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an even sample/hold circuit operable to store the even 

metric value and to provide the even metric value during 

the second period, the even sample/hold circuit operable to 

update the even metric value during the second period with 

5 the value of the second sum signal if the negative 

transition signal indicates that the second sum signal is 

greater than the current even metric value, the even 

sample/hold circuit operable to update the even metric 

value during the second period with the value ~f t~e second 

10 - sum signal if the positive transition signa~ indicates that 

the 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 l wherein the 

threshold value provided to the first adder circuit is 

provided at a negative value and the threshold value 

20 provided to the second adder circuit is provided at a 

posi.tive value. 

25 

4. The metric circuit of Claim l wherein the 

threshold values are programmable values. 

5. The metric circuit of Claim l further· comprising: 

a first multiplexer operable to provide either the 

first sum signal or the second sum signal to the odd 
sample/hold 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. 
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6. The metriQ circuit of Claim 5 wherein the first 
multiplexer is controlled by the negative transition signal 
and the positive transition signal. 

5 7. The metric circuit of Cla!m 6 wherein the first 
multiplexer provides the first sum if the ·negative 
transition signal indicates that the first sum signal is 
greater than the odd metric value during the first period, 
the first multiplexer provides the ·second sum if the 

10 positive transition signal indicates that the second sum is 

less than the odd metric value during the first period, the 
first multiplexer provides the first sum if the negative 
transition signal indicates that the ~irst sum signal is 
greater than the even metric value during the second 

15 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 
peri.od. 

20 8. The metric circuit of Claim 1 further comprising: 
a second multiplexer operable t.o receive the odd 

metric va1ue and the even metric value, the second 
multiplexer operable to provide the odd metric value to the 
f irat comparator circuit and the second comparator circuit 

25 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. 

30 9. The metric circuit of Claim 1 wherein the negative 
transition 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 ~eriod. 
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10. The metric circuit of Claim 1 further comprising: 
a 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 first sum signal 

5 when the ·negative transition signal indicates that the 
first sum signal is greater than the current odd metric 

value and the positive transition signal indicates that the 
second sum signal is greater than the current odd metric 
value, the selection circuitry operable to enable the odd 

10 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 

15 second sum signal is less than the curre~t 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 the value of first sum signal when 
the negative transition signal indicates that the first sum 

20 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 signal 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. 

ll. The metric circuit of Claim 10 wherein the 
selection circuitry includes an EXCLUSIVE OR gate and an 
AND gate. 
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12. A viterbi detector comprising: 
a metric circuit operable to receive a discrete signal 

and to generate a transition signal during a first period 
and during.a second period in response; 

5 an odd trellis circuit operable to receive the 
transition signal during the firs~ period, the odd trellis 
circuit operable to perform sequence decoding and to 
generate an odd digital data 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. 

25 

l.4. The viterbi detector of Claim 12 wherein the 
viterbi detector is a detector performing maximum 
likelihood detection in a class IV read channel. 

15 . The Viterbi detector of Claim 12 wherein the 
transition signal includes a positive transition signal and 
a negative transition signal. 
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16. A method for generating a transition signal in a 
metric circuit comprising the steps of: 

receiving a fi~st discrete value; 
generating a first sum during a first period by 

5 subtracting a threshold value from the first discrete 
value; 

generating a second sum during ·the first period by 

adding a threshold value to the first discrete value; 
generating a transition signal during the first period 

10 by comparing the first sum ~o 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 period 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 du.ring the second 
period by comparing the first sum t~ an even metric value 

20 and the second sum to the even metric value. 

l 7. 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. 
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18. The method of Claim 16 further comprising the 
steps of: 

replacing the odd metric value during the first period' 
with the value of the first sum if the first sum is greater 

5 than the odd metric value and the second sum is greater 
than the odd metric value; 

replacing the odd metric value during the first period 
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 
15 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 

less tlian the even metric value. 

20 19. The method of Claim 16 wherein the generating a 
transition signa1 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 
25 a positive transition signal by comparing the second sum to 

the metric value. 

2·0. The method of Claim 16 wherein the generating a 
first sum during a first period step and the generating a 

30 first sum during a second period step include adding a 
negative threshold value to the discrete value. 


