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@ Method and apparatus for automatic write current calibration in a streaming tape drive.

@ An apparatus and a method for calibrating the
write current applied to a write head (110, 114) in a
tape drive (100) finds the peak value of the write
current applied to the tape head (110, 114) (i.e., the
write current value providing the maximum read volt-
age amplitude on a tape (104)) by indirectly measur-
ing the voltage sensed by a read head (112, 115).
The apparatus includes a digital write current control
circuit (170, 160) that applies a write current having
a magniiude responsive to a digital write current
value. An amplifier (190) in a read circuit (180, 182,
184, 190, 196) has a gain responsive to a digital
read gain value. The method includes the steps of
sampling the output of a pattern detector (146) (e.g.,
a gap detector) as the digital read gain value is
adjusted for each of a number of digital write current
data values applied to the write current control circuit
(170, 160). The digital read gain value is adjusted to
provide a predetermined range of the number of
samples wherein the pattern corresponds to a pre-
determined pattern. The digital read gain value for
each digital write current value is inversely related to
the amplitude of the signal recorded on the tape
(104). The sampled digital read voltage gain values
are then stored. The digital write current value cor-
responding to the minimum stored digital read gain
value also corresponds to the peak value of the

actual write current. The digital write current value
corresponding to the minimum digital read voltage
gain value is then selected and stored as the cali-
brated digital write current.
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APPARATUS AND METHOD FOR AUTOMATIC WRITE CURRENT CALIBRATION IN A STREAMING TAPE

Background of the Invention

Field of the Invention

The present invention is in the field of stream-
ing tape drives that store data generated by com-
puters and other digital data devices. More particu-
larly, the present invention is directed to a method
for calibrating a streaming tape drive to optimize
the magnitude of the current applied to a write
head.

Description of the Related Art

Magnetic fape is a popular medium for storing
large quantities of digital data generated by com-
puters and other digital data devices. Streaming
tape drives utilize narrow (e.g., 3 -inch) magnetic
tape, and record muitiple fracks of data in a gen-
erally continuous format on the tape. The digital
data is provided as an input to the drive which
converts the digital data into a format suitable for
recording on the magnetic surface of the tape
within the drive. Basically, the digital data are re-
corded on the tape by a write head as a plurality of
magnetic flux changes which can be sensed by a
read head. The data are encoded in accordance
with a selected recording standard so that the data
can be reproduced by the tape drive which records
the data, and by other tape drives that operate in
accordance with the recorded format.

The magnetic flux density recorded on a tape
depends upon a number of factors, one of which is
the magnitude of the current applied to the write
head when the data is recorded. Ideally, the mag-
nitude of the write current should be selected to be
substantially equal to the peak current of the write
head. As used herein, the peak current of the write
head corresponds to the magnitude of the current
that produces the maximum voltage magnitude
when the recorded flux changes are sensed by a
read head. A write current in excess of the peak
current will not increase the magnitude of the volt-
age generated by the read head, and will in fact
cause the magnitude of the voltage to decrease.
Generally, magnetic write heads are specified in
terms of their respective saturation currents. The
saturation current typically will generate magnetic
flux transitions that provide a read voltage that is
approximately 95% of the maximum read voltage
at the peak current. The following description will
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refer to the peak current of a magnetic write head.

Because of presently used mass production
techniques| the commercially available write heads
for streaming tape drives have a wide range of
peak currents. For example, in an exemplary head
specification, an acceptable saturation current may
be specified that corresponds to a peak current in
the range of 15 milliamperes to 30 milliamperes. It
can be seen that a production tape drive that
applies a fixed current to a magnetic write head will
provide an optimal write current for only a limited
number of write heads constructed in accordance
with the specification. For example, a tape drive
constructed to operate at a write current of 25
milliamperes will operate at less than the peak
current for some of the write heads and will operate
far in excess of the peak current for other write
heads. As set forth above, operation above or be-
ow the peak current will result in output voltage
from a recorded tape that is less than the maxi-
mum output voltage.

One solution to the above-described problem is
to manually adjust the operating write current value
for each tape drive, so that it corresponds to the
peak current of a particular write head fo be in-
stalled in the tape drive. Although this can be
accomplished, the amount of time required to man-
ually adjust each tape drive does not make the
procedure economically feasible for production
tape drives in which large quantities of tape drives
are produced. Thus, a need exists for an apparatus
and method for automatically adjusting the write
current to an optimal magnitude for a particular
write head in a tape drive.

Summary of j[h_e Invention

The present invention is an apparatus and a
method for automatically adjusting the write current
applied to a write head in a streaming tape drive.
The invention employs a digitally controlled write
current circuit which outputs a write current which
is proportional to an input digital value. The inven-
tion also employs a digitally controlled read voltage
gain amplifier which adjusts the output read voitage
gain in response to digital signals from a read
voltage detector.

The method of the present invention automati-
cally calibrates the write current applied to the
write head to a peak value which maximizes the
voltage sensed at the read head. The method con-
sists of sampling a digital read voltage gain at each
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of a plurality of digital values, where each digital
value corresponds to a value of the write current
applied to the write head. The sampled digital read
gain values are then stored. The digital write cur-
rent value corresponding to the minimum stored
digital read gain value also corresponds to the
peak value of the actual write current. The digital
write current value corresponding to the minimum
digital read voltage gain value is then selected and
stored as the calibrated digital write current value.

A method is disclosed wherein digital values
are sequentially applied to the digitally controlled
write current circuit, causing write currents to be
applied to the write head. For each of the digital
values applied to the write current circuit, the fol-
lowing steps are repeated for a determined number
of times: 1) A predetermined pattern is written onto
a magnetic tape via flux changes at the write head,
2) digital read gain values are sequentially applied
to the read voltage amplifier, 3) the ouiput of the
read voltage amplifier is monitored to determine if
the output signal is at a predetermined voltage
level, and 4) storing the digital read gain value
applied to the read voltage amplifier in a first array
when the predetermined voltage level is reached.

Finally, the stored digital read gain values are
filtered in a digital averaging subroutine and stored
in second array. The digital write current value
corresponding to the lowest digital read gain value
stored in the second array also corresponds fo the
write current value which produces.the maximum
read voltage. The digital write current value cor-
responding to the lowest digital read gain value
stored in the second array is stored in an EEPR-
OM.

This overall method is repeated three times so
that three independent digital write current values
are obtained and temporarily stored. These three
values are then averaged and rounded to the near-
est digital write current increment value, which is
stored into the EEPROM as the optimum calibrated
digital write current value.

Brief Description of the Drawings

Figure 1 illustrates a simplified block diagram of
~an exemplary tape drive system in accordance

with the invention.

Figure 2 illusirates a read/write head assembly

such as may be employed in the tape drive

system of Figure 1.

Figure 3 illustrates the relationship between the

output read voltage from the read head and the

input write current to the write head.

Figure 4 illustrates the relationship between the

read gain of the read amplifier and the input
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write current to the write head which provides a
substantially constant output from the read am-
plifier.

Figure 5 illustrates a flowchart which details the
overall method of operation in accordance with
the present invention.

Figure 6 illustrates a flowchart which details the
steps of the read gain adjust subroutine in Fig-
ure 5.

Figure 7 illustrates an exemplary output
waveform such as may be found at the output of
the gap detector of Figure 1 when the post-
amplifier of Figure 1 is adjusted in accordance
with the method of the present invention.

Figure 8 illustrates a read gain curve that shows
the relationship between the digital values con-
trolling the read gain and the digital values con-
trolling the write current.

Figure 9 illustrates a read gain curve having
three portions that correspond to pairs of digital
write current values, each pair of digital write
current values having a corresponding digital
read gain difference.

Figure 10 illustrates a flowchart which details the
steps of the subroutine of Figure 5 which
sweeps the digital write current values.

Figure 11 illustrates the read gain curve, further
showing the grouping of five successive digital
read gain values into a five-value window, and
showing the shifting of the window fo the next
group of five successive digital read gain values.
Figures 12A and 12B illustrate an exemplary
sweep array, and an exemplary gain array, each
array location containing a hexadecimal digital
write current value as an index, and a decimal
digital read gain value.

Detailed Description of the Preferred Embodiment

Figure 1 is a highly simplified block diagram of
an exemplary streaming tape drive 100 in accor-
dance with the present invention. As illustrated, the
tape drive 100 recsives a tape cartridge, which
includes a length of magnetic recording tape 104.
The tape 104 is moved within the cartridge so that
it travels longitudinally past a read/write head as-
sembly 106. An exemplary read/write head assem-
bly 106, such as is advantageously employed in
the preferred embodiment of the present invention,
is illustrated in Figure 2. As illustrated, the head
assembly 106 comprises a write forward head 110,
a read forward head 112, a write reverse head 114
and a read reverse head 116. The read forward
head 112 is positioned with respect to the write
forward head 110 so that as the tape 104 (shown in
phantom in Figure 2) moves longitudinally past the
write forward head 110 in a direction from right to
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left in Figure 2, a portion of the tape first passes
the write forward head 110 and then passes the
read forward head 112. Thus, data recorded onto
the tape 104 by the write forward head 110 can be
immediately reproduced by the read forward head
112. This enables the tape drive 100 to operate in
a conventional read-after-write mode so that the
integrity of the written data can be checked as it is
being written. Similarly, when the tape 104 is jux-
taposed with the write reverse head 114 and the
read reverse head 116 and moved longitudinally
from left to right in Figure 2, the read reverse head
116 senses the data recorded by the write reverse
head 114.

The mechanical components and electronic cir-
cuits for moving the tape 104 and positioning the
head assembly 106 are conventional components
and circuits and are not shown in Figure 1.

The tape drive system is connected to a com-
puter system 120 (shown in phantom), or the like.
For example, the computer system 120 may be an
IBM™ PG, AT, PS/2, or any of a number of other
commercially-available computer systems. The
computer system 120 generates commands to the
tape drive system 100 to initiate operations. For
example, such operations may include seleci, posi-
tion, write data, write file mark, read data, read file
mark, and read status commands. The tape drive
system 100 responds to the commands by per-
forming selective functions (e. g., writing data onto
the tape 104 or reading data from the tape 104).
Commands, data, and status are communicated
between the computer system 120 and the tape
drive system 100 via a bus 122. The bus 122 is
constructed to conform to one of a number of
industry standards (e.g., the SCS! (small computer
systems interface) standard).

The host computer 120 sends data via the bus
122 to a host interface system 130. The host
interface 130, in turn, transmits the data via a bus
132 to a controller 140. The controller 140 includes
a write sequencer 142, a read sequencer 144, and
a gap detector 146. The controller 140 advanta-
geously includes conventional buffer memory (not
shown) and associated circuitry to buffer the data
received from and transmitted o the host interface
130.

The controller 140 is connected to a micropro-
cessor 150. In the preferred embodiment of the
present invention, the microprocessor 150 is ad-
vantageously an 8032 microprocessor available
from Intel Corporation. The microprocessor 150
includes an internal 256 word by eight-bit random
access memory {RAM) and receives instructions
from an external read only memory which is imple-
mented by an erasable programmable read only
memory (EPROM) 152. The controller 140 trans-
mits data to and receives signals from the micro-
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processor 150 via an address, data and control bus
154 which also connects the EPROM 152 to the
microprocessor 150. The microprocessor 150 is
also connected o an electrically erasable program-
mable read only memory (EEPROM) 156. The
EEPROM 156 is advantageously used to store a
write current calibration value that is obtained in
accordance with the present invention, as will be
described below. In the preferred embodiment of
the present invention, the microprocessor 150
transmits data to and receives data from the EEPR-
OM 156 via an PC serial bus 158, Although a
parallel bus can also be used.

When data is to be written onio the tape 104 in
response to commands from the host computer
120, the data to be written is then transmitted from
the host computer 120 to the controller 140 via the
host interface 130 and the bus 132. The write
sequencer 142 within the controller 140 converts
the data into one of a plurality of self-clocking data
formats. For example, the write sequencer 142 may
encode the data into a modified frequency modu-
lated (MFM) code format. The write sequencer 142
then transmits the MFM signal to a write driver
circuit 160. The write driver circuit 160 includes
internal drive circuitry (not shown) for each of the
write forward head 110 and the write reverse head
114 and is controlled by a head select signal (REV)
on a line 162. When the tape 104 is moved in the
forward direction, the head select signal is not
active and the drive circuitry for the write forward
head 110 is active to cause current to be applied to
the write forward head 110 in accordance with the
MFM data applied to the write driver circuit 160
from the write sequencer 142. Conversely, when
the tape is moved in the reverse direction, the
head select signal is active and the drive circuitry
for the write reverse head 114 is active. The follow-
ing discussion is directed to the operation of the
tape drive 100 when the tape 104 is moved in the
forward direction and the write forward head 110
and the read forward head 112 are active; however,
the discussion is equally applicable to operation of
the tape drive 100 in the reverse direction.

The magnitude of the output current applied to
the write forward head 110 by the write driver
circuit 160 is controlled by an analog signal output
from a six-bit digital-to-analog converter (DAC) 170
on a signal line 172. In the preferred embodiment,
the DAC 170, referred to hereinaiter as the write
current DAG 170, is a TDA8444 DAC available from
Signetics that provides six DAC's in an integrated
circuit package. The six DAC's are serially con-
trolled so that, in the preferred embodiment, the
write current DAC 170 and the other DAC's in the
package are controlled by a serial output signal
from the microprocessor 150.

The write driver circuit 160 operates as a cur-
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rent amplifier having a gain controlled by the ana-
log signal on the line 172. The write forward head
110 operates in a conventional manner and con-
verts the MFM signal oufput of the write driver
circuit 160 into flux transitions which are encoded
onto the tape 104 as it moves longitudinally past
the write forward head 110.

As the written portion of the tape 104 moves
past the read forward head 112, the forward read
head 112 senses magnetic flux transitions on the
tape 104 and provides a differential output signal
responsive thereto in a conventional manner. The
forward read head 112 and the reverse read head
114 are each connected to the input of a read
circuit preamplifier 180 that has a respective inter-
nal amplifier section (not shown) for each of the
two read heads 112, 116. The outpuis of the re-
spective amplifiers are connected to an internal
muliiplexer (not shown) which is controlled by the
head select signal (REV) on the line 162. When the
tape 104 is moving in the forward direction, the
head select signal is inactive and the output of the
preamplifier 180 is an amplified signal responsive
to the signal from the forward read head 112.

The output of the preamplifier 180 is a differen-
tial signal that is provided as an input to a differen-
tial, time-differentiating filter 182 which provides a
filtered output voltage signal that is also a differen-
tial signal. The output of the differential filter 182 is
provided to a switched attenuator 184. The
switched attenuator 184 provides a differential out-
put signal that has a magnitude that is conirolied
by an attenuator control signal on a line 186 from
the controller 140. In the preferred embodiment
described herein, the confroller 140 generates the
attenuator conirol signal on the line 186 in re-
sponse to commands from the microprocessor 150
on the bus 154. When the attenuator control signal
is active, the magnitiude of the output of the
switched attenuator is approximately one-third the
magnitude of the output when the attenuator con-
trol signal is inactive. In the preferred embodiment,
the attenuator control signal is the most significant
gain bit of a three-bit gain word.

The differential output of the switched attenua-
tor 184 is provided as an input to a differential
post-amplifier 190. The post-amplifier 190 provides
an output signal that is responsive to the mag-
nitude of the differential input signal from the
switched attenuator 184. The amplification provided
by the post-amplifier 190 is controlled by two sets
of inputs. The first set of inputs comprise a pair of
gain adjustment terminals 192, 194 that control the
range of the amplification provided by the post-
amplifier in accordance with the resistance in a
range selection circuit 196 between the two termi-
nals 192, 194. In the preferred embodiment, the
range selsction circuit 196 is controlled by a pair of
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gain bits that comprise the two least significant bits
of the three-bit gain word discussed above which
are provided to the range selection circuit 196 from
the coniroller 140 via a pair of control lines 200,
202. In the preferred embodiment, the range selec-
tion circuit 196 comprises a pair of series con-
nected resistors (not shown) that are selectively by-
passed by a respective electronic switch (not
shown) to vary the series resistance between the
two terminals 192, 194. An increase in the resis-
tance between the two terminals 192, 194 resuits in
a decrease in the output gain of the post-amplifier
190. Similarly, a decrease in the resistance be-
tween the two terminals 192, 194 results in an
increase in the output gain of the post-amplifier
190.

The second set of control inputs to the post-
amplifier 190 comprises a fine gain adjust input on
a line 210. The line 210 is connected to the analog
output of a six-bit DAC 212 which is preferably part
of a six-DAC integrated circuit package with the
write current DAC 170 described above and is thus
serially conirolled by the microprocessor 150. The
six-bit DAGC 212, referred to hereinafter as the read
gain DAC 212, can provide up to 64 analog voltage
levels to the fine gain adjust input of the post-
amplifier 190. Thus, up to 64 different gains be-
tween the differential input and the output of the
post-amplifier 190 can be selected. In the preferred
embodiment, a digital value of zero on the fine gain
adjustment input provides the lowest gain level,
and a digital value of 63 corresponds to the highest
gain level. It has been found that the read gain
DAC 212 operates non-linearly in upper and lower
regions of operation (i.e., near an analog output
value of zero or an analog output value correspond-
ing to a digital input of 63). It is therefore desirable
to operate within a range of 17 hexadecimal to 31
hexadecimal on the digital input of the read gain
DAC 212. This hexadecimal range corresponds to
a decimal range of 23 to 49. This small range of
values does not allow for a wide variation of voltage
gain amplification. Therefore, the range selection
circuit 196 provides linear amplification over a wide
range of gain values while allowing for the fine
gradations of gain adjustment necessary to obtain
precise measurements. In order to ailow the read
gain DAC 212 to operate within the linear range at
all times, the resistance values in the range selec-
tion circuit 196 are selected so that the range of
operation selections overlap. For example, in the
preferred embodiment of the present invention, the
post-amplifier 190 is the amplifier portion of a
TLO41 sireaming tape read/write conirol circuit
available from Texas Instruments, Inc. When using
the TLO41 circuit as the post-amplifier 190, the
preferred embodiment of the range selection circuit
196 provides the following resistance values be-
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tween the terminais 192 and 194 in response to the
gain control input bits:

00 2220 Ohms

01 1616 Ohms

10 920 Ohms

11 316 Ohms

For example, the lower range of gains provided
by a resistance value of 1616 Ohms overlaps the
upper range of gains provided by the resistance
value of 2220 Ohms, and the upper range of gains
provided by the resistance of 1616 Ohms overlaps
the lower range of gains provided by the resistance
value of 920 Ohms. Similarly, the upper range of
gains provided by the resistance value of 920
Ohms overlaps the lower range of gains provided
by the resistance value of 316 Ohms. Furthermore,
the two gain bits that control the range selection
circuit 196 operate together with the gain bit that
controls the switched attenuator 184 io provide a
total of eight gain ranges, with the lowest range
corresponding to a binary three-bit gain word value
of "100," and the highest range corresponding to a
binary three-bit gain word value of "011." (The
most significant bit is inverted.)

As set forth above, the post-amplifier 190 am-
plifies the differential output signal provided by the
switched attenuator 184 and provides an amplified
output signal. This amplified output signal is pro-
vided as an input to a threshold comparator 220
and to a zero-crossing detector 222 via a pair of
signal lines 224, 226. The threshold comparator
220 and the zero-crossing detector 222 detect volt-
age level transitions in the output signal from the
post-amplifier 190 and provide respective digital
output signals responsive to the transitions. When a
signal input to the threshold comparator 220 or to
the zero-crossing detector 222 exceeds a certain
voitage level (i.e., zero volts for the zero-crossing
detector 222, or a predetermined voltage threshold
level for the threshold comparator 220) the output
of the threshold comparator 220 or the zero-cross-
ing detector 222 becomes active (i.e., a logical
"1"). The outputs of the threshold comparator 220
and the zero-crossing detector 222 are provided as
inputs o a time-domain filter 230. The time-domain
filter 230 preferably is part of a TL0O41 streaming
tape read/write control circuit from Texas Instru-
ments, Inc., and advantageously is included as part
of the same integrated circuit package as the post-
amplifier 190, discussed above. The time-domain
filtler 230 includes a two-to-one muliiplexer at its
input which selects sither the signal from the
threshold comparator 220 or the signal from the
zero-crossing detector 222. The time domain filter
230 operates in a conventional manner to filter the
digitized output signal from the selected one of the
zero-crossing detector 222 or the threshold com-
parator 220 before the digital signal is provided as
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an input to the gap detector 146 and the read
sequencer 144.

When the tape drive is reading a previously
recorded tape which may have a weak (i.e., low
amplitude) signal recorded thereon, the zero-cross-
ing detector 222 is selected as the input to the
time-domain filter 230. The zero-crossing detector
222 will generally reproduce such weak signals.

The threshold comparator 220 is used when
performing read-after-write operations. The thresh-
old comparator 220 will only detect signal transi-
tions that have a magnitude greater than a pre-
determined positive or negative threshold. Thus,
only those signals wherein the recorded flux transi-
tions produce an ampiitude sufficient for the repro-
duced voltage to exceed the threshold will cause
the digital output of the threshold comparator 220
to change states (i.e., from a logical "0" to a logical
"1," or from a logical "1" to a logical "0"). The
threshold comparator 220 has a variable threshold
voltage to which the reproduced voltage is com-
pared. The threshoid comparator 220 is responsive
to a threshold select signal on a line 240 from the
controller 140 to select either a maximum threshold
or a threshold that is approximately 25 percent of
the maximum threshold. Generally, it has been
found that when a signal has a sufficient magnitude
to exceed the thresholid of the threshold compara-
tor 220 during the read-after-write mode of opera-
tion, the same signal will be readily reproducible
using the zero-crossing detecior 222 when being
read on the same tape drive 100 or another tape
drive during the playback/reproduce mode.

The read sequencer 144 converts the digital
signal from the time domain filter 230 into a digital
format corresponding to the original input data from
the host interface 130. The data is buffered within
the controller 140 and is communicated to the host
interface 130 via the bus 132.

The outfput signal from the time domain filter
230 is also transmitted to the gap detector 146.
The gap detector 146 detects the gaps on the tape
104. Such gaps are used to delineate blocks of
data on the tape 104 and conventionally comprise
a predetermined data patiern on the tape 104 that
is readily detectable by the gap detector 146. For
example, in the tape drive 100 used with the
present invention, a gap comprises at least nine
logical ones in a row (i.e., without intervening ze-
ros). Since the recording format of conventional
tape drives is run length limited, nine ones in a row
cannot occur in recorded data. Thus, the nine or
more ones in a row are readily detectable by the
gap detector 146. Each time a gap is detected, the
output of the gap detector 146 becomes active
(e.g., transitions to a logical "1") and remains ac-
tive as long as the gap continues to be detected
(i.e., as long as there are no intervening zeros in
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the detected patiern). The output from the gap
detector 146 is transmitted to the microprocessor
150 via the controller 140, and the bus 154.

When performing a read-after-write operation,
the data written onto the tape 104 by the write
forward head 110 are sensed by the read forward
head 112 immediately thereafter. The sensed data
are transmitted to the input of the preamplifier 180
as a read voltage. If the current used to write the
data onto the tape 104 is at its optimum value,
referred to herein as "lpea," then the amplitude of
the read voltage sensed by the read forward head
112 and amplified by the preampilifier 180 will be a
maximum. Generally, this optimum current viii be
larger than the saturation current of the write for-
ward head 110 (e. g., lpeak IS approximately equal
to 1.3 lgy in certain exemplary write heads). How-
ever, as discussed above, the saturation current of
commercially available write heads is generally
known only within a relatively broad range of val-
ues and is therefore effectively unknown. In addi-
tion, the factor by which the saturation current
should be multiplied to obtain the peak current is
unknown. Thus, the peak current is likewise un-
known. The present invention provides a method
for setting the write current for the write forward
head 110 to its peak value without having to deter-
mine the actual magnitude of the current. Although
described for the write forward head 110, the same
method is applicable to the write reverse head 114.

Figure 3 is a graphical representation of the
amplitude of the read voltage input to the pream-
plifier 180 versus the magnitude of the write cur-
rent output from the write driver 160. When the
read gain of the post-amplifier 190 is maintained at
a constant value, the graph in Figure 3 also repre-
sents the amplitude of the output signal generated
by the post-amplifier 190 versus the magnitude of
the write current. No scales are provided on the
two axes of the graph as the actual values of the
voltage amplitude and the write current vary from
write head to write head. As illustrated in Figure 3,
lpeak is the current at which the read voltage am-
plitude (i.e., the input to the preamplifier 180) is a
maximum. The saturation current, "lsu," iS also
illustrated in Figure 3, and is substantially less than
the peak current amplitude lpeak. If the write current
is adjusted to be greater than lseak, Or less than
lpeak, the read voltage amplitude will decrease ac-
cordingly. Any data that is written with a write
current that is not at lpeax resulis in a read voltage
amplitude that is less than optimum, thereby re-

_quiring greater amplification by the post-amplifier
190. A lower amplitude signal will also be more
susceptible to noise.

The method of the present invention utilizes
the gain adjusitment value applied to the post-
amplifier 190 as a means of indirectly measuring
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and setting the optimum write current applied to
the write head 110. As will be discussed more fully
below, in the method of the present invention, the
gain of the post-amplifier 190 is adjusted as the
magnitude of the write current is adjusted so that
the magnitude of the output voltage from the post-
amplifier 190 is maintained substantially constant.
Since the amplitude of the read voltage from the
read forward bead 112 is at a maximum when the
write current is adjusted for lgear, the read voltage
gain required to maintain the magnitude of the
post-amplifier output voitage constant will be a
minimum at lpeax. The relationship between the
read voltage gain and the write current amplitude
to provide a substantially constant output voliage
from the post-amplifier 190 is illustrated as a read
gain curve in Figure 4. From Figures 3 and 4, it
can be understood that the read voltage amplitude
is inversely related to the read voitage gain (i.e., as
the read voltage amplitude increases, the read voit-
age gain decreases to maintain a constant post-
amplifier output voltage, and as the read voltage
amplitude decreases, the read voltage gain in-
creases).

In the preferred embodiment of the present
invention, the actual write current, and the actual
read voltage gain are responsive to the digital
values applied to the write current DAC 170 that
controls the write driver 160, and the read gain
DAC 212 that controls the post-amplifier 190, re-
spectively. For this reason, it is not necessary to
know the actual write current vaiue when calibrating
the tape drive system 100 to lgeax. In practice, it
suffices to know only the digital value correspond-
ing to the actual value of lpear. Figure 8 illustrates a
graph of the read gain curve that shows the rela-
tionship between the digital write current and the
digital read voltage gain. Note that the graph of the
read gain curve of Figure 8 is similar to the graph
of Figure 4 with the exception that the axes in
Figure 8 are labeled in digital increments.

The method of the present invention calibrates
the write current to its optimal value, lpeak. This
method is outlined in the flow chart of Figure 5. As
illustrated in Figure 5, the method initially enters a
process block 500 in which certain system param-
eters are set. These system parameters include the
differential threshold voltage, the initial digital write
current value applied to the write current DAC 170,
the digital gain value applied to the read gain DAC
212, and the three-bit gain word. Advantageously,
the differential threshold voltage is selected to be
100%. The digital write current value is initially set
to a value that results in a write current that is less
than the lowest expected saturation current lgs -
(e.g., 10 milliamps). The digital value applied to the
read gain DAC 212 is selected to be a value within
the middle of the range of operation of the read
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gain DAC 212 (i.e., between digital steps 23 and 49
decimal) to assure that the read gain DAC 212
operates in the linear region. The three-hit gain
word should be set at its minimum value (i.e., 000
in binary) so that the switched attenuator 184 and
the post-amplifier 190 are initially operating within
the lowest range of overall amplification.

After the initial parameters are set, the method
enters a process block 505 wherein data from the
controller 140 is applied to the write drive 160 to
begin writing data onto the tape 104. The data
applied to the write driver 160 is selected to cor-
respond to all ones so that a continuous gap is
written onto the tape 104 at the gap frequency as
the tape 104 moves in the forward direction. While
the gap data is being written onto the tape 104, the
method enters a read gain adjustment subroutine
510. In the read gain adjustment subroutine 510,
the digital read gain values applied to the read gain
DAC 212 are incrementally changed to adjust the
read gain while the output of the gap detector 146
is monitored by the microprocessor 150. The read
gain is adjusted until the number of samples at the
output of the gap detector 146 which indicate that a
gap is dstected is approximately equal to the num-
ber of samples taken at the output of the gap
detector 146 which indicate that no gap is de-
tected. For exampile, in the preferred embodiment,
the microprocessor 150 takes 255 samples, and
the read gain is adjusted so that approximately 128
samples indicate the detection of the gap pattern. it
should be noted that it is not necessary for the
gap/no-gap ratio to be equal to one in order to
properly determine l,eax. In principle, any gap-fo-
no-gap ratio may be employed as long as this
detection ratio is used consistently throughout the
entire method. The read gain adjusiment subrou-
tine 510 is discussed below in detail in accordance
with Figure 6.

Once the desired gap/no-gap ratio is achieved,
the method enters a decision block 520 wherein
the microprocessor 150 determines whether or not
the read gain DAC 212 is operating within the
linear region (i.e., the digital value applied to the
read gain DAC 212 lies between 23 and 49 deci-
mal). If the read gain DAC 212 is not operating
within the required range, a new range of operation
is selected in a process block 525, wherein the
three-bit gain word is incremented by one. The
method then re-enters the read gain adjustment
subroutine 510 and adjusts the read gain until the
desired gap/no-gap ratio is achieved. Thereafter,
the method again enters the decision block 520
wherein the digital read gain value is checked to
determine whether it is within the acceptable range.
The read gain adjustment subroutine 510 and the
blocks 520 and 525 are repeated until the digital
read gain value is within the acceptable range.
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Once the three-bit gain word is adjusted so that
the digital read gain value applied to the read gain
DAC 212 is within the required range of operation,
the method enters a process block 530, wherein
the digital write current value is incremented by
seven digital steps (e.g., from a digital value of 11
decimal to a digital value of 18 decimal). After the
digital write current value is incremented, the meth-
od enters the read gain adjustment subroutine 510,
wherein the read gain is again adjusted until the
desired gap/no-gap ratio (e.g., approximately equal
to one) is achieved.

After the desired gap/no-gap ratio is achieved
in the block 530, the method enters a decision
block 550, wherein the microprocessor 150 deter-
mines whether or not the digital difference between
the read gain corresponding to the first digital write
current value (e.g., 11), and the read gain cor-
responding to the second digital write current value
(e.g., 18), is between five and seven. This assures
that the system is operating on a region of the read
gain curve (illustrated in Figures 4 and 8 discussed
above, and in Figures 9 and 11 discussed
hereinafter) which is not too close to the optimum
write current value, lgeak, and which is also not too
far from lpear. If the method starts operating in a
region which is too far from lyeak, then the micro-
processor 150 may be required to sample a great
number of write current values before reaching
lpeax. Determination of the peak write current value
from the sampled write current values is time con-
suming, and sampling of a large number of write
current values requires a write current DAC 170
with enough capacity to increment the write current
over all the sampled values while remaining in the
linear region of the write current DAC 170. If the
system is operating in a region on the read gain
curve which is too close 10 lgear. then the number
of samples taken before lgeak is reached may not
be sufficient to perform a proper digital filtering of
the digital write current values. Therefore, it is
advantageous to sample a moderate number (e.g.,
20 to 40) of write data points in the proximity of
Ipeak-

Figure 9 illustrates three sample pairs of digital
write current values and their corresponding digital
read gain values. Each pair of digital write current
values are spaced seven increments apart in accor-
dance with the method of the present invention. As
illustrated in Figure 9, the first pair of digital write
current values (11 ow and gy located on the left
in Figure 9) have corresponding digital read gain
values which are more than seven increments
apart. This indicates that the system is operating
on a portion of the read gain curve which is too far
from Ipeak. The second pair of digital write current
values (12,gw and 12yg4 located on the right in
Figure 9) have corresponding digital read gain val-
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ues which are less than five increments apart. This
indicates that the system is operating on a portion
of the read gain curve which is too close 10 lpeak-
Finally, the third pair of digital write current values,
18.ow and 13ygn in Figure 9, have corresponding
digital read gain values which are six increments
apart. This indicates that the system is operating
on a proper portion of the read gain curve.

If the digital read gain difference is either
greater than seven or less than five, then the meth-
od enters a decision block 560, wherein a deter-
mination is made if the gain difference is greater
than seven or less than seven. If the gain dif-
ference is less than seven, then the method enters
a process block 563, wherein the lower value of the
pair of digital write current values (e.g., 12iow in
Figure 9) is decremented, and the method re-
enters the read gain adjustment subroutine 510. If
the gain difference is greater than seven, then the
method enters a process block 567, wherein the
lower value of the pair of digital write current values
(e.g., Miow in Figure 9) is incremented, and the
method re-enters the read gain adjustment subrou-
tine 510. In the read gain adjustment subroutine
510, the read gain corresponding to the new first
digital write current is adjusted until the desired
gap/no-gap ratio is achieved (i.e., approximately
equal to one). Again, a test is performed in de-
cision block 520 to determine if the read gain DAC
212 is operating within the linear region. Once the
read gain DAC 212 is operating within the linear
region, the method re-enters the prccess block
530, wherein the digital write current is advanced
seven steps. The method again enters the read
gain adjustment subroutine 510, wherein the read
gain corresponding to this new second digital write
current is adjusted until the desired gap/no-gap
ratio is achieved. This entire cycle repeats itself
until two digital write current values, which are
seven increments apart, are determined to have
corresponding read gain values which are within
five to seven digital steps, apart. The lower digital
write current value so determined (i.e., 13.0w) is
used as the starting write current value for the
steps described below. By selecting the starting
write current value in this manner, it can be as-
sured that the following steps find the peak current
within a reasonably short number of samples (e.g.,
less than 45 samples) yet provide a suificient num-
ber of samples (e.g., at least 20 samples) to be
able to perform the averaging steps to be de-
scribed below.

Once the starting digital write current value has
been determined as described above, the method
enters a subroutine 570 wherein the digital write
current value is incremented and the digital read
gain value is determined for each write current
- value {i.e., the digital read gain value is adjusted to
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achieve the desired gap/no-gap ratio as described
above). Also, within the subroutine 570, the digital
read gain values are averaged to obtain a filtered
array of values that are used in subsequent steps
to find the peak digital write current value. The
subroutine block 570 will be described below in
greater detail in accordance with Figure 10.

Because there is the possibility of noise spikes
in the tape drive circuitry, it is possible that a read
voltage gain value will be detected that is different
from the actual read voltage gain value correspond-
ing t0 lpeak. FoOr this reason it is necessary 1o do a
digital averaging of the read voltage gain values in
order to filter out the effects which may be caused
by a noise spike. In the subroutine 570, the digital
write current data points are swept in order to
obtain a gain array 572 (Figure 12B). Starting from
the lower of the two digital write current values (i.e.,
I3.ow in Figure 9), the read gain corresponding to
each increment of the digital write current is sam-
pled for a predetermined number of steps. The
sweeping occurs by averaging the first five read
gain values corresponding to the first five write
current data points, then averaging the second
through the sixth read gain values corresponding to
the second through sixth write current data points,
etc. This sweep averaging continues until the last
five read gain values have been averaged. The
values obtained from the averaging of the read gain
values are rounded to the nearest digital read gain
value (for example, an average of five values result-
ing in a value of 32.4 would be rounded to the
digital read gain value of 32). Each digital value
corresponding to an average of five read gain val-
ues is stored into the gain array 572.

Figure 10 illustrates the details of the write
current sweep subroutine 570 of Figure 5 in which
the gain array 572 is obtained. A digital write
current value corresponding to l,eax May be deter-
mined from the gain array 572. In the subroutine
570, the method initially enters a process block
600 wherein the digital write current is set to the
lower value of the pair of digital write current values
determined above (i.e., 1S.ow). A variable MIN,
which is used to keep track of the minimum digital
read gain value, is set to the maximum possible
digital read gain value. For a six-bit DAC such as
used in the preferred embodiment of the present
invention, this maximum digital read gain value is
63 decimal.

After initializing the parameters, the method
enters a process block 602 which comprises a
plurality of process blocks, decision blocks and
subroutines to determine a digital read gain value
associated with a digital write current value. Within
the process block 602, the method first utilizes the
read gain adjust subroutine 510, described above,
to determine a read gain at which the desired
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gap/no-gap ratio is achieved (e.g., a gap/no-gap
ratio of approximately one). Following the adjust-
ment of the read gain in the read gain adjustment
subroutine 510, the method returns to the subrou-
tine 570 and enters a process block 604 wherein
the digital read gain value determined in the adjust-
ment subroutine 510 is saved as a variable
VALUET.

In order to check that the digital read gain
value stored as VALUET is the correct value, and is
not the effect of a noise spike or tape dropout, the
method again enters the read gain adjustment sub-
routine 510 wherein a second determination of the
digital read gain is made at the same correspond-
ing digital write current value. This second digital
read gain value is saved as a variable VALUE2 in a
process block 608. The method then enters a de-
cision block 610 wherein VALUE1 is compared: to
VALUE2. If VALUE1 is not equal to VALUE2, this
means that an error has been made in the deter-
mination of one of the two digital read gain values.
In the event that VALUE1 is not equal to VALUEZ,
the method enters into a process block 612
wherein VALUE1 gets assigned the value of
VALUE2. The method again utilizes the read gain
adjustment subroutine 510 wherein a new digital
read gain value is determined at the same cor-
responding digital write current value. The new
digital read gain value is then saved as VALUE2 in
the process block 608. Once again a test is per-
formed in the decision block 610 to determine if
VALUE1 and VALUEZ2 are equal. This cycle repeats
until two digital read gain values in a row are equal.

Once two digital read gain values in a row are
determined to be equal (i.e., VALUE1 equals
VALUE2) the method enters a process block 616
wherein  VALUE2 (or equivalently VALUET1) is
stored in a sweep array 618 illustrated in Figure
12A. Advantageously, the sweep array 618 is im-
plemented as a plurality of memory locations in the
256-byte RAM within the microprocessor 150. In
the preferred embodiment of the present invention,
the sweep array 618 is indexed by the digital write
current (i.e., the digital write current values are
used to determine the addresses within the RAM
where the digital read gain values are stored).

After the digital read gain value is stored in the
sweep array 618, the method exits the process
block 602 and enters a decision block 620. Within
the decision block 620, a test is performed to
determine if the last digital read gain-value stored
(i.e., VALUE2) is less than the current value of MIN.
If VALUE2 is less than MIN, then the method
proceeds 1o a process block 622 wherein the vari-
able MIN is assigned the value of VALUEZ. In this
way, the minimum digital read gain value is always
assigned to MIN. if VALUE2 is greater than MIN,
then the method bypasses the process block 622
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and to enter a decision block 630.

In the interest of saving calculation time, it is
advantageous to stop sampling shorily after the
minimum digital read gain value is obtained. When
the minimum read gain value is obtained, the cor-
responding digital write current value will be close
t0 lgeak. In the decision block 630, a test is made to
determine if VALUE2 is greater than or equal fo
MIN +5. This test is performed in order to deter-
mine if the minimum digital read gain value has
been detected. Since the read gain curve is con-
tinuous and has only one minima, any substantial
increase in the digital read gain (e.g., 5 increments)
while sampling from left to right in Figure 9 in-
dicates that the minimum point on the read gain
curve has already been detected. Therefore, if the
current digital read gain value, VALUE2, is five
increments greater than the lowest detected read
gain value, MIN, the method should stop the sam-
pling process. Thus, in the decision block 630, if
VALUE2 is determined to be greater than or equal
to MIN+5, the method branches o a process
block 660. Otherwise, the method continues to a
decision block 640.

In the decision block 640, a test is performed
to determine if the present digital write current
value is equal to the starting digital write current
value plus decimal 44. If the digital write current
value has been incremented 44 times prior o the
detection of a digital read gain value which is five
increments greater than MIN, then the method exits
the sampling portion of the method and enters a
process block 6680. Otherwise the method contin-
ues to a process block 662 wherein the digital write
current is incremented. For practical applications it
is highly improbable that the digital read gain cor-
responding to lpeax Would not be detected within 44
increments of the starting digital write current val-
ue. Thus, this event need not be accounted for.
After the digital write current is incremented in the
process block 862, the method loops back into the
first read gain adjustment subroutine 510 within the
process block 802 and the sampling cycle contin-
ues.

Once the sampling process is completed, (i.e.,
VALUE2 is greater than or equal to MIN+5, or the
digital write current value has been incremented 44
times from its starting value) the method will have
entered the process block 660. In the process
block 660, a variable LAST is assigned the value of
the present digital write current value. The method
then enters a process block 662 wherein the digital
write current value is reset 1o its starting value plus
two (i.e., 13Low+2). The addition of two increments
to the starting digital write current value places the
digital write current value at the center value of the
first five digital write current values. The method
then enters a process block 670 wherein five digital



19 EP 0 425 064 A2 20

read gain values stored in the sweep array 618 are
averaged and rounded to the nearest digital read
gain value. The five digital read gain values which
are averaged are the digital read gain values that
correspond to the center write current value, the
two write current values immediately below the
center write current value, and the two write current
values immediately above the center write current
value. As mentioned above, the digital write current
value is also the index value of the sweep array
618. The five-value average is then stored info the
gain array 572 (Figure 12B) in a process block 674.
The gain array 572 is advantageously implemented
as a plurality of memory locations within the RAM
of the microprocessor 150, and is also indexed by
the digital write current value. The average of the
five digital read gain values is stored at the location
of the gain array 572 corresponding to the center
digital write current value. The digital write current
is also used as an index for the gain array 572.
After storing the average read gain value, the
method proceeds to a decision block 680 where a
test is made to determine if the digital write current
value is equal to the value LAST-2. If the digital
write current value is equal to LAST-2, then the
method exits the subroutine 570. Otherwise, the
method continues to a process block 682 wherein
the digital write current value is again incremented.
After incrementing the digital write current, the
method again enters the process block 670
wherein the five digital read gain values centered
on the present digital write current value are
averaged as described above. Since the digital
write current value was incremented, the second
five values to be averaged would be the second
through sixth digital read gain values. The cycle
continues in this way, shifting a five-value window
over the sweep array 618, and averaging the five
digital read gain values within each window.
Figures 11, 12A, and 12B further illustrate the
shifting and five-value averaging process outlined
above. Figure 11 illustrates the digital read gain (in
decimal increments) plotted versus the digital write
current (in hexadecimal increments). Note that the
digital read gain is scaled in decimal increments
because it is easier to illustrate the averaging of
decimal numerals rather than hexadecimal numer-
als. It should be re-staied that these digital values
are representations which correspond to actual
analog read gain and write current values, and it is
the digital values which are averaged. Moreover, it
is not necessary for the actual analog values to be
known to employ the calibration method of the
present invention. :
Figure 11 further illustrates three windows,
each window comprising five digital read gain val-
ues. Each window is indicated by a bracket along
the read gain curve. The first window includes the
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digital read gain values corresponding to the digital
write current values from 17(Hex) to 1B(Hex), and
is centered at 19(Hex). As illustrated in the sweep
array 618 of Figure 12A, the digital read gain
values corresponding to the digital write current
index values of 17, 18, 19, 1A, and 1B are 48, 45,
43, 40, and 39, respectively. (It should be under-
stood that these are exemplary values for purposes
of illustration. The actual values will vary in accor-
dance with the characteristics of the write heads,
the read heads, and the read electronics.) The
average of the five digital read gain values in the
first window is 215/5 or 43. This average digital
read gain value is then stored in the gain array 572
at the location indexed by the digital write current
value at the center of the first window (e.g., 19(Hex)
in Figure 12B). After the average digital read gain
value is stored in the gain array 572, the digital
write current value is incremented, and the five-
value window shifts to the location of a second
window illustrated in Figure 11.

The second window illustrated in Figure 11
includes the digital read gain values corresponding
to the digital write current values from 18(Hex) to
1G(Hex), and is centered at 1A(Hex). The digital
read gain values corresponding to the digital write
current values of 18, 19, 1A, 1B, and 1C(Hex) are
45, 43, 40, 39, and 37, respectively. The average of
the five digital read gain values in the second
window is 204/5 or 40.8 which is rounded to a
digital value of 41. This average value is then
stored in the gain array 572 at the digital write
current value in the center of the second window
(i.e., 1A(Hex) in Figure 12B). After the average
digital read gain value is stored into the gain array
572, the digital write current value is incremented,
and the five-value window shifts to the location of a
third window shown in Figure 11.

The method continues in this way, shifting the
five-value window by one increment, averaging the
five digital read gain values in each window, storing
the average value in the gain array 572 at the
digital write current value in the center of each
window, and then shifting the window again by one
increment, until all the digital read gain values
stored in the sweep array 618 have been included
in the averaging process. )

The averaging of five digital read gain values
operates to filter noise spike effects within the
sweep array 618. Note that the first two and the
last two digital write current values of the sweep
array 618 do not serve as center values for any of
the windows, so that when the cycle is completed
the gain array 572 will contain four fewer elements
than the sweep array 618.

Now, returning to the overall flowchart in Figure
5, following the subroutine 570, the method enters
a process block 700, wherein the digital write cur-
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rent value corresponding fo the minimum read gain
value in the gain array 572 is selected and stored.
Next, the method enters a decision block 704,
wherein the method determines whether three digi-
tal write current values have been selected. If three
digital write current values have not yet been se-
lected, then the method returns to subroutine 570,
wherein the method once again sweeps the digital
write current values starting with the initial value
I3Low o obtain a new gain array 572. Thereafter,
the method re-enters the process block 700,
wherein a new digital write current value corre-
sponding to the minimum digital read gain value in
the new gain array 572 is selected and stored. This
is repeated until three minimum digital write current
values have been selected and stored.

After three minimum digital write current values
have been selected and stored, the method exits
the decision block 704 and enters a process block
710, wherein the three selected minimum values
are averaged. The average is rounded to the near-
est digital write current value. The method then
enters a process block 720 wherein the averaged
digital write current value is stored in the EEPROM
156. The digital write current value stored in the
EEPROM 156 is fransmitted to the write current
DAC 170 each time data is writien onto the fape
104 so that the write driver 160 will output the
optimum write current, lgear, to the write head 110.

Figure 6 is a flowchart that illustrates the de-
tails of the method of the digital read gain adjust-
ment subroutine 510 briefly described above. The
read gain adjustment subroutine 510 begins by
entering a process block 750 wherein fwo counters
are initiated. The two counters are advantageously
implemented as registers or memory locations in
the microprocessor 150. The first counter, referred
to herein as the "gap counter”, is initialized to zero,
while the second counter, referred to herein as the
"sample counter”, is initialized to one.

After initializing the two counters, the method
enters a process block 760, wherein one sample is
faken of the ouiput of the gap detector 146. An
exemplary waveform 764 at the output of the gap
detector 146 is illustrated in Figure 7. The regions
of the waveform 764 which are at a logical "1" (i.e.,
high) level indicate the detection of a gap, while the
regions which are at a logical "0" (i.e., low) level
indicate that no gap is detected. After sampling the
output of the gap detector 146 in the process block
760, the method next enters a decision block 770
to determine whether the sample is a logical "1" or
a logical "0." If a gap is detected (i.e., the sample

is a logical "1"), then the gap counter is incre--

mented in a process block 772, and the method
then proceeds to a decision block 774. If a gap is
not detected (i.e., the sampile is a logical "0"), then
the method by-passes the process block 772 and
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enters the decision block 774 without incrementing
the gap counter. Within the decision block 774, the
sample counter is examined to determine whether
it has been incremented to a value of 255 (i.e,
whether 255 samples of the output of the gap
detector 146 have been taken). [f 255 samples
have not yet been taken, the method enters a
process block 776, wherein the sample counter is
incremented, and the method then proceeds back
to the process block 760, wherein another sample
is taken. This process repeats itself until 2565 sam-
ples have been taken. Once all 255 samples have
been taken, the method enters a decision block
780 wherein the gap counter is examined to deter-
mine whether the number recorded is equal fo 128
plus or minus a predetermined deviation. For ex-
ample, in the preferred embodiment, a deviation of
£14. Of course, the gap counter range does not
necessarily have to be t14, as any predetermined
value which indicates that the number of samples
determined to be at the gap frequency is approxi-
mately equal to the number of samples determined
not to be at the gap frequency may be employed.
Furthermore, as discussed above, a gap/no-gap
ratio of approximately one is not required. Rather,
the only requirement is that the gap/no-gap ratio be
consistent for each sample throughout the entire
method.

If the count registered on the gap counter is
not within the required predefined boundaries when
examined in the decision block 780, the method
enters a decision block 790, wherein the gap coun-
ter is examined to determine whether the count is
greater than the desired count (i.e., 128). If the
count is greater than the desired count, then the
method enters a process block 742, wherein the
read gain value applied to the read gain DAC 212
is decremented by a fixed amount (e.g., a value of
one). Returning to the decision block 790, if the
register value of the gap counter is less than the
desired count, then the method enters a process
block 794, wherein the digital read gain value ap-
plied to the read gain DAC 212 is incremented by
a fixed amount (e.g., one).

Following an increase or decrease of the read
gain, as controlled by digital read gain value ap-
plied to the read gain DAC 212, the method returns
o the process block 750, wherein the gap counter
and the sample counter are both reinitialized as
described above. The entire cycle is repeated until
the total number of counts on the gap counter is
determined fo be within the required range (e.g.,
128 t14). When the desired range is achieved,
thus indicating that the desired gap/no-gap ratio
has been achieved, the method exits the read gain
adjustment subroutine 510.

In the read gain adjustment subroutine 510, the
output of the gap detector 146 is sampled at a
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relatively slow rate compared to the frequency at
which the output of the gap detector 146 changes.
Thus, the sampling is substantially random with
respect to the changes. It should be understood
that by selecting the gap/no-gap ratio to be ap-
proximately equal to one, the magnitude of the
output of the post-amplifier 180 (Figure 1) will be at
a magnitude where the threshold detector 220 is
operating marginally. That is, although a constant
frequency gap signal is sensed by the forward read
head 112, the amplitude of output of the post-
amplifier 190 will not be sufficiently high to exceed
the threshold of the threshold detector 220 for each
transition of the gap signal. Thus, the output of the
threshold detector 220 will not reproduce each
transition of the gap signal, and the gap detector
146 will not detect a continuous gap. By selecting
the same gap/no-gap ratio each time the digital
read gain valus is adjusted, approximately the
same magnitude output of the post-amplifier 190
can be obtained. Thus,the digital read gain value
will be inversely related to the amplitude of the gap
signal recorded on the tape 104, as described
above.

In tape drive systems which incorporate mul-
tiple write head systems such as the preferred
embodiment described herein, one write head may
have a different specified peak write head current
than the other write head. Thus, it may be neces-
sary to individually calibrate the digital write current
value applied to the write current DAC 170 for each
of the write heads 110, 114. In such cases, it is
advantageous io repeat the method described
above for each of the two write heads 110, 114 {o
obtain an optimum digital write current value for
each head. Each digital write current vaiue ob-
tained from the above procedure is stored sepa-
rately in the EEPROM 156, and the appropriate
digital write current value is transmitted to the write
current DAC 170 in accordance with the direction
of the tape movement.

Claims

1. A method of selecting an optimum write current
applied to a write head of a magnetic tap drive,
comprising the steps of:

applying a starting digital write current value to a
write current conirol circuit to cause a write current
to be applied to said write head, and, thereafter,
sequentially applying additional digital write current
values to said write current control circuit, and, for
each of said starting and additional digital write
current values, repeating the steps of:

writing a predetermined pattern of magnetic flux
transitions onto a magnetic tape in said magnetic
tape drive using said applied write current;
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sequentially applying digital read gain values to a
digitally controlled read amplifier circuit while sens-
ing said magnetic flux transitions;

monitoring the output of said read amplifier circuit
for a predetermined characteristic; and

storing the digital read gain value applied to said
read amplifier circuit when said predetermined
characteristic is dstected;

and

determining the digital write current value applied
to said write current control circuit that corresponds
to the smallest of said stored digital read gain
values and applying said digital value to said write
current control circuit to provide said optimum write
current.

2. The method as detined in Claim 1, wherein said
starting digital write current value is selected by:
setting said digital write current value to a first
digital write current value known to produce an
actual write current which is substantially less than
the saturation current of said write head;
determining a first digital read gain value to cor-
respond to said first digital write current value;
incrementing said digital write current value a pre-
determined number of steps from said first digitai
write current value to a second digital write current
value;

determining a second digital read gain value to
correspond to said second digital write current val-
ue;

comparing said first and second digital read gain
values to determine if their difference is within a
predetermined range; and

if said difference between said first and second
digital read gain values is within said predeter-
mined range, selecting said first digital write cur-
rent value as said starting digital write current val-
ue; and,

if said difference is not within said predetermined
range, changing said first digital write current value
and repeating said steps of determining a first read
gain value, incrementing said digital write current
said predetermined number of steps, determining a
second digital read gain value, and comparing said
first digital read gain value and said second digital
read gain value.

3. The method as defined in Claim 1, wherein said
stored digital read gain values are filtered, said
filtering comprising the steps of:

setting said digital write current value to a value
equal to said starting digital write current value plus
(n-1)/2, where n is an odd integer;

averaging n digital read gain values centered at
said digital write current value;

storing said averaged digital read gain value in an
array at an array location indexed by said digital
write current value;

incrementing said digital write current value; and
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repeating said averaging step, said storing step,
and said incrementing step until each of said digital
read gain values corresponding fo each digital write
current value has been incorporated into an aver-
age at least once.

4. The method as defined in Claim 1, wherein said
predetermined pattern of magnetic flux is written at
the gap frequency.

5. The method as defined in Claim 1, wherein said
stored digital read gain values are stored in an
array.

8. A method of selecting a write current to be
applied to the write head of a magnetic tape drive,
comprising the steps of:

outputting a first digital write current value to a
digital write current control circuit that controls the
magnitude of the write current applied to the write
head, said first digital write current value selected
so that the write current is substantially less than
the saturation current of the write head;

outputting a digital read gain value to a digitally
controlled read amplifier circuit, said digital read
gain value controlling the gain of said read am-
plifier circuit;

selecting a road gain digital value, said selecting
step comprising the steps of:

writing a known pattern onto a magnetic tape in the
tape drive to produce flux transitions on said mag-
netic tape;

sensing said flux transitions and generating elec-
trical signals responsive thereto;

applying said electrical signals as an input to said
digitally controlled read amplifier circuit and provid-
ing an amplified output signal therefrom;

monitoring said amplified output signal and provid-
ing an active pattern detection output signal when
said amplified output signal corresponds to said
known pattern and an inactive pattern detection
output signal- when said amplified output signal
does not correspond to said known pattern;
sampling said pattern detection output signal a
predetermined number of times and counting the
number of samples when said pattern detection
output signal is active;

adjusting said digital read gain value output to said
digital write amplifier circuit until said number of
samples when said pattern detection output signal
is active is within a predetermined range of num-
bers; and

storing said digital read gain value obtained in said
adjusting step;

repeatedly incrementing said digital write current
value, and, for each digital write current value,
repeating said adjusting and storing steps; and
selecting a digital write current value corresponding
to a stored digital read gain value representing the
minimum gain of said read amplifier circuit, said
minimum occurring at the write current that pro-
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duces the maximum read voltage amplitude.

7. A method of selecting a write current to be
applied to the write head of a magnetic tape drive,
comprising the steps of:

outputting a sequence of write current digital values
to a digital write current control circuit that controls
the magnitude of the write current applied to the
write head while writing a predetermined pattern
onto a tape in said tape drive;

for each of said write current digital values:
outputting a sequence of read gain digital values to
a digitally controlled read amplifier circuit, said
read gain digital values controlling the gain of said
read amplifier circuit;

sensing data from said tape amplifying said data
using said read ampilifier circuit to provide a data
output signal;

comparing said data output signal with said pre-
determined pattern and determining the percentage
of time that said data output signal corresponds to
said predetermined pattern;

selecting a read gain digital value wherein said
percentage is within a predetermined range of per-
centages; and

storing said selected digital read gain value;

and

selecting a digital write current value corresponding
to a stored digital read gain value representing the
minimum gain of said read amplifier circuit, said
minimum occurring at the write current that pro-
vides the maximum read voltage amplitude.

8. An apparatus in a magnetic recording system
that optimizes the write current applied to a write
head to maximize an output voltage from a read
head, comprising:

means for providing first and second digital values;
a digitally controlled write current circuit that re-
ceives said first digital value and that outputs a
write current to said write head that has a mag-
nitude responsive to said first digital value;

a digitally controlled read voltage amplifier circuit
that receives said second digital value and that
receives an input voltage responsive fo said output
voltage from said read head, said amplifier am-
plifying said input voltage by an amount deter-
mined by an amplifier gain, said amplifier gain
responsive to said second digital value;

a detector which monitors the output of said read
voltage amplifier circuit and provides an active out-
put signal when said output corresponds to a pre-
determined pattern; and

means responsive to said output signal from said
detector which adjust said first and second digital
values to obtain a write current that maximizes said
output voltage from said read head.
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