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to feedback from a buffer arm  position sensor indicating that tape
tensioning needs to be ad- The present invention relates to a tape drive
justed; and issuing a decrease speed command system according to the first
part of claim 1 ( EP-A  followed by a stop as a comparison of data supply-
40 907).                                       5   reel speed sensor and
the tape speed sensor in- Such known system concerns a video recorder
dicate that the supply-reel is almost empty. and the marks are located in a
separate time code      In higher performance tape drive systems, the track
such that in operation the relative tape posi-  information stored on the
tape contains more than tion value of a position counter is transformed
into  the data which is to be stored and retrieved. In- an absolute
position value by means of a time   10  cluded in the data stream along
with this "user" code.                                              data is
"system" data designed to facilitate the A widely used tape storage medium
is mag-       action of the system in recording and retrieving the netic
recording tape, in which information is stored  "user" data. The system
data can include, for as flux levels in the magnetic medium. Magnetic
example, error correction codes, synchronization tape media can provide for
storage of both analog   15   marks, various data block identification
marks, and information, as in common video and audio decks,   data block
boundary marks. In the last case, data is and digital information, e.g.,
when used for secon-  generally organized into blocks, the boundaries of
dary computer storage. Alternative tape media in-  which can be marked by
specific flux patterns on clude "old" technologies, such as punched paper
magnetic tape, or simply by the absence of data tape and "new"
technologies, such as laser-etched   20  activity for a specified minimum
tape length, or by holograms on polyester film, as well as current    a
combination of the two approaches. technologies, such as movie film.
Sophisticated read circuitry includes sections Each of these technologies
requires a trans-    for detecting and initiating actions as indicated by
ducer for converting the information as stored on   "system data". Among
the functions performed by the tape to processable information, and
vice-versa.  25  the read system is the determination of when a
"Processable" is taken relative to a processing    read, or write, has
failed so that a retry is neces- technology. With respect to modem digital
elec-    sary. The determination that a retry is necessary is tronics
processing circuitry, information can be pre-  forwarded to the servo,
which, for example, com- sented in binary form as represented by discrete
mands the drive system to stop, back-up and re- voltage levels. Different
information processing   30  read, or re-write, the block in which an
uncorrec- technologies require alternative forms of process-  table error
was indicated. able information. Likewise, "transducer" is relative   Such
a retry operation can be quite complex, to the combined selections of form
of stored in-   especially in the case of high-performance stream-
formation and form of processable information. The  ing tape drives due to
the high speed of tape transducer generally includes a head, e.g., read
35  transfer, large angular momentum of the reels, and head, projector
lamp, laser pick-up, across and    resultant delays during starting and
stopping. To relative to which tape must be transferred to con-  retry, it
is generally necessary to re-try the entire [err] information to
processable form.              block of data in which an error occurred. In
order to This transfer can be performed by a drive       effect a retry,
the servo must command the drive mechanism. In the case of a streaming tape
drive,  40   mechanism to stop the transfer of tape. A signifi- the drive
mechanisms can include a supply or load  cant delay necessarily occurs
between issuance of reel, a take-up reel or hub, and one or two motors  the
command and its execution, during which time, to supply power to these
reels. Also typically in-  the tape changes position. The servo then must
cluded are guides to precisely align and trans-    direct the drive
mechanism to backspace the tape versely position the tape with respect to
the head.  45  over the distance the tape moved since the stop Generally, a
streaming tape drive system includes  command was issued, over the distance
the tape a buffer arm or other means for regulating the     moved between
error detection and issuance of the tension of the tape during transfer.
stop command, over the distance between the be- The drive mechanism is
controlled and regu-     ginning of the data block, and over an additional
lated by a servo, generally microcontroller-based,  so  distance required
for the drive mechanism to bring which responds to external inputs and to
internal  the tape transfer up to speed before reaching the feedback in
directing the motors to stop, start,   beginning of the block to be
re-read. increase speed or decrease speed. Examples of         In less
sophisticated tape drive systems, such servo controller functions include:
adjusting the  as home audio decks, the retry, which is, of course,
transfer speed in response to feedback from a tape   55  user regulated,
can be crudely implemented by speed sensor that an appropriate speed is not
backing the tape "more than enough", so that the being  maintained;
differentially  adjusting  the  necessary  retry  is effected, although
some speeds of the supply and take-up reels in response  "redundant" good
data is also re-read. Given that 2    



3                 EP 0 263 929 B1                     4 data block
boundaries are marked, a more sophisti-     This retry scenario is one
example where it is cated system  can also back up "more than
necessary to have access to a very accurate stored enough" and discard data
prior to the detection of  position mark value. Thus, what is needed is an
an appropriate block boundary. However, this can   improved tape drive
system incorporated a more be time-wise inefficient and can introduce
uncer-   5   accurate approach to position capture. tainty as to which
boundary has been detected.         This problem is overcome by the tape
drive Such loss of time and uncertainty are unaccep-  system according to
claim 1. -  table in high performance tape drives. The servo      In an
exemplary embodiment of the present needs to know the position of the
relevant bound-  invention, the incorporated position capture circuit- ary
of the data block in order to optimally reposi-  10  ry has input lines
dedicated to each of four position tion the drive mechanism. It is
necessary for the  request or detection signals. The signals are gap-
position of the boundary to be stored in the pro-  to-block boundary,
block-to-gap boundary, supply- cessing system prior to the determination
that a   reel position mark, and position request by servo retry is
necessary.                                controller. When any of these
lines is active, the Accordingly, some high-performance streaming   15
signal is converted on a one-shot basis to a four- tape drives routinely
record the position of the data  clock cycle long active signal. This
duration is block boundaries as they are detected. A typical   selected so
that each line can be polled for a clock sequence would be: the read
circuitry detects a    cycle to determine whether a request or detection
boundary and signals the detection to the servo    has occurred. If so, a
position value transfer is controller; the servo controller responds to the
de-  20  enabled from the speed indicator to a four address tection signal
by accessing a tape position indica-  register of the position capture
circuitry. The ad- tor for a boundary mark position value; this value is
dresses of the register are accessed cyclically and stored. If an retry is
required, the tape transfer is  synchronously with the polling of the
request or stopped, the tape position indicator is accessed   detection
lines so that when a line is active the again for a current position value.
The current  25  current position value is directed to the corre- position
value is compared to the stored position  sponding dedicated register
address. value, and then a retry start point is calculated. The  In the
case of a re-try, the servo controller can servo issues back-spacing
commands and moni-       stop the drive mechanism, access the position in-
tors the tape position indicator until its reading  dicator, directly or
indirectly, for a current position, matches the calculated value.
30  and access the storage for the value of the position While providing an
improvement in precision     of interest. In the above exemplary
embodiment, over prior re-try method, the just-described method  both the
current and boundary values are acquired is not satisfactory for
state-of-the-art streaming  by accessing appropriate addresses of the
register tape drives. While there are multiple factors leading  in the
position capture circuitry. to this inadequacy, a major one is the
uncertainty  35  By comparing the current and boundary posi- introduced by
the delay in servo controller re-    tion values, the servo can calculate
the position sponse to a boundary detection. Since the servo    from which
a retry must be started in order to controller is responsible for a great
number of    ensure an appropriate speed is achieved just prior functions
and must continually poll a multitude of  to the beginning of the data
block of interest. In inputs, there can be a small, yet significant, delay
40  performing this calculation, the servo controller can of uncertain
duration between receipt and recogni-  use other data, such as the amount
of tape on the tion of a boundary detection signal by the servo   supply
reel as determined through comparison of controller 19. This delay
translates into an uncer-  data from the supply reel speed indicator and
the tainty in the accuracy to which the stored boundary  tape speed
indicator. The servo controller can position value represents the actual
position of that  45  transfer the tape in the reverse direction while
boundary on the tape.                              monitoring the tape
position indicator until the cal- To provide some dimensions to the
problem, in   culated and current tape position match. one instance, such a
system could provided virtu-      The uncertainty in the stored tape
position val- ally instantaneous recognition of a detection signal,  ues is
a function of the number of lines being while in another case, successive
sequences of  50  polled and the length of a clock cycle. Under a
instructions, with each instruction involving one to  reasonable
implementation of four signal lines and several clock cycles, may be
executed before rec-  a 600 nanosecond clock cycle (1.6 MHz clock), the
ognition. There is no well defined upper boundary,  uncertainty in time is
less than 5 [err]. At a tape and a 50 clock cycle delay would not be
improb-    speed of 200 inches (5.08 m) per second, this able. With a, for
example, 1.6 MHz clock with tape   55  provides positioning accuracy to
within one mil. at 200 inches (5.08 m) per second, the positioning  This
provides an order of magnitude improvement precision would be limited to 10
mils (0,254 mm).  compared to the uncertainty introduced by servo
controller initiated position value requests. 3    



5                 EP 0 263 929 B1                    6 BRIEF DESCRIPTION OF
THE DRAWINGS                  along bus 53. These transfers are detailed
following the description of the cooperating components. FIGURE 1 is a
combination plan view and            The drive mechanism 15 includes a
supply reel block diagram of a tape drive system in accor-     51 and a
take-up reel 53 between which tape 13 is dance with the present invention.
5   transferred. Each reel is driven by a respective FIGURES 2a and 2b
constitute FIGURE 2, a        motor, neither of which are shown, in
response to two-part block diagram of position capture circuitry  control
signals from the servo controller 19. The and a speed decoder illustrated
in FIG 1.           tape 13 is transversely positioned with respect to
FIGURE 3 is a timing diagram for the position   and urged against head 17
for precise reading of capture circuitry of FIG. 2.                   10
dense multi-track data by a supply side guide 55 and a take-up side guide
57. A buffer arm 59, DESCRIPTION OF THE PREFERRED EMBODI-
which is tensioned by a spring 61, is used to MENTS
maintain tape tension during tape transfer. The servo controller 19
controls tape transfer In accordance with the present invention, a   15  by
issuing, along drive command line 63, start, tape drive system  11, for
reading information     stop, increase speed and decrease speed com- stored
on a tape 13, includes a drive mechanism    mands to the motors of the
drive mechanism 15. 15 for, a transducer read head 17, a servo control-
The servo controller 19 is responsive to user and [err] 19, read and mark
detect circuitry 21, a speed  other system commands, as well as to data
from decoder 23, and position capture circuitry 25. The   20  sensors
monitoring the action of the tape drive position capture circuitry 25
provides for improved  system  11 For example, a buffer arm position tape
position determinations relative to position  sensor, not shown,
communicates buffer arm posi- marks encoded on the tape 13.
tion data along buffer arm position sensor line 65. In order to accomplish
the foregoing advan-    In response to this data, the servo can issue dif-
tage, the illustrated position capture circuitry 25   25  ferential speed
adjustment commands along drive includes a register 27 with addresses 31,
32, 33   command lines 63 to optimize tape tension during and 34, each
dedicated to storing a position value  transfer. for a predetermined type
of position request or       In addition, the servo controller 19 monitors
detection. Specifically, in the illustrated embodi-  tape speed by means of
an optical element and ment, gap-to-block boundary position values are  30
sensor, neither shown, attached to the shaft of stored in address 31,
block-to-gap boundary posi-  rolling take-up side tape guide 57. A speed
en- tion values are stored in address 32, tape positions  coder, not shown,
converts sensed marks into at the time of requests by the servo controller
19  quadrature speed signals which are made available are stored in address
33, and reel encoder position  to the servo controller 19 by means of a
pair of values are stored in address 34.               35  lines, not
shown. The servo controller 19 utilizes Corresponding to the four addresses
31, 32, 33  this information to maintain an optimal tape speed. and 34,
respectively, are four inputs 41, 42, 43 and   The quadrature encoded speed
information is [err] to the position capture circuitry. When an active
also directed to the speed decoder 23 along signal is applied at one of
these inputs, the position  quadrature speed data lines 67. The speed data
is capture circuitry issues a STORE signal along line   40  encoded in
quadrature so that tape direction, as 47 to the speed decoder 25 which
responds by       well as tape speed, is represented. The speed
transmitting the current position count along bus 49  decoder 23 counts up
as the tape is transferred to the position capture circuitry 25. The
position  from supply reel 51 to take-up reel 53, and counts capture
circuity provides the synchronization so   down when tape direction is
reversed. Thus, the that the received count is stored in the appropriate
45  speed decoder 23 regularly stores a value indicat- address of register
27.                            ing tape position with respect to a
predetermined When the servo controller 19 requires the cur-  physical
position along the tape 13. rent tape position, it issues a tape position
request  The read and mark detect circuitry 21 receives at input 43, and
the position capture circuitry 25  information from the transducer read
head 17 in the accesses the current position value in the speed   50  form
of binary data represented by discrete voltage encoder 23 and stores it in
address 33. The servo  levels. The illustrated tape drive system 11 uses 9
controller 19 can then address register 27 along   tracks of data on the
tape, so the bus 69 to the line 51 and the data stored in the accessed ad-
read and mark detect circuitry 21 is 9 bits wide. dress 33 is directed
along bus 53 to the servo     Generally, the 9-bits relates to 8-bit data
with an controller 19. Likewise, when the servo controller  55  additional
bit for error correction code. 19 requires block boundary data or reel
encoder        The main function of the read and mark detect data, the
appropriate address 31, 32 or 34 is trans-  circuitry is to provide user
data along the 8-bit wide mitted via line 51, and the desired data is
received  bus 71. To execute this function reliably, the read 4    



7                 EP 0 263 929 B1                     8 and mark detect
circuitry 21 performs de-skew,    bit buses. Accordingly, data bus
multiplexing sec- error detection and correction, and mark detection  tion
105 coordinates two-stage data transfers along functions, in accordance
with an implemented in-   buses 49 and 53. formation retrieval strategy.
The timing section 103 coordinates the action Included with the read and
mark detect cir-   5   of all components of the position capture circuitry
cuitry 21 is the ability to detect data block bound-  and the speed decoder
23, and provides the syn- aries. In the illustrated embodiment, these
bound-  chronization ensuring that data transferred from the aries are
characterized as gap-to-block boundaries  speed encoder 23 is stored in the
register address which mark the beginning of a data block, and      31, 32,
33 or 34, dedicated to the input line 41, 42, block-to-gap boundaries which
mark the end of a   10  43 or 44, that activated the transfer. In the
illus- data block.                                        trated
embodiment, the timing section 103 com- When a gap-to-block boundary is
detected, the   prises a counter 115, which can be a 74ALS163N. read and
mark detect circuitry 21 sends an active  It functions as a clock divider
to produce, from a signal to input 41 of the position capture circuitry
basic CLK1 signal, a synchronous CLK4 signal with 25. This causes the speed
decoder 23 to be acces-  15  four times the cycle time of CLK1, and a
synchro- sed and the resulting value stored in address 31 of  nous CLK8
signal with eight times the cycle time of register 27. Likewise, when a
block-to-gap bound-  CLK1. A 33% duty-cycle CLKM signal is also pro- ary is
detected, the read and mark detect circuitry  vided at twice the frequency
of and with its falling 21 sends an active signal to input 42 of the
position  edge coinciding with each transition of CLK1. The capture
circuitry 25, so that a current position value   20  relations between
these clock signals is depicted in is stored in address 32. Thus register
27 normally  the timing diagram of FIG. 3. maintains the positions of the
most recently de-       The input polling state machine 101 has a first
tected beginning and ending data block boundaries  quad D flip-flop 117, a
second quad D flip-flop 119, in respective addresses 31 and 32.
four AND gates 121, and a multiplexer 123. Both Thus, for example, for the
servo controller 19   25  flip-flops 117 and 119, which can be 74ALS175N to
obtain a current tape position relative to the  devices, have their "CLR"
clear inputs held inac- position of a gap-to-block boundary, it can issue a
tive, and their leading edge triggered "CLK" clock position request and
obtain the captured current   inputs driven by CLK8. Thus, the levels the
input position value at address 33, and then obtain the  lines 41, 42, 43,
and 44 at the beginning of a CLK8 most recent gap-to-block boundary
position value   30  clock cycle are reflected at the respective first
flip- at address 31; compare the two. Similarly, address  flop 117 outputs
Q1, Q2, Q3, and Q4. One CLK8 32 can be accessed when the physical position
cycle later, inverted values are provided by the relative to a block-to-gap
boundary is required. Of  second flip-flop 119 at complementary outputs
course, a similar scheme can accommodate many      Q1 ^, Q2 , Q3  and Q4 .
variables of interest. As a further example, an en-  35  The effect of this
arrangement is that an AND coder for the supply reel can send position
detec-  gate 121 only outputs a true when the respective tions to input 44
of the position capture circuitry,  input line 41, 42, 43, 44 is active at
the onset of a and the resulting position value can be stored at  CLK8
cycle, and then only for one CLK8 cycle. To address 34.
describe this operationally, assume initially, all in- The position capture
circuitry 25, along with its  40  puts 41, 42, 43 and 44 are inactive, the
outputs Q1 interface to the speed decoder 23, is described in  Q2, Q3 and
Q4 of flip-flop 117 are low, and the greater detail with respect to FIG. 2,
which is    complementary outputs Q1 ^, Q2 , Q3  and divided into FIGS. 2A
and 2B. The position capture  Q4 A are correspondingly high. If
gap-to-boundary circuitry includes four sections, an input polling  input
line 41 is high at the onset of the next CLK8 state machine 101, a timing
section 103, both  45  cycle, Q1 of flip-flop 117 will be forced high and
shown in FIG. 2A, a data bus multiplexing section  Q1  of flip-flop 119
will remain high. Thus, the 105, and register 27, the latter two shown in
FIG.  corresponding AND gate 121 will have both its 2B. Shown interfaced
with the register 27 is the   inputs high and will yield a high output. One
CLK8 speed decoder 23.                                  output later, the
Q1   of flip-flop 119 will go low, so The function of the input polling
state machine   50  that the output of the respective AND gate will go 101
is to poll the inputs 41, 42, 43, 44 for position  low. Thus, the
flip-flops 117 and 119 and AND requests and detections. An active input is
trans-  gates 121 function collectively as a synchronized lated by this
section to an enable OE  on the     four-track digital quad one-shot. speed
encoder 23 to effect a transfer of its con-      Select inputs A and B of
multiplexer 123, which tents to register 27. In the illustrated embodiment,
55  can be a 74ALS153N dual 4:1 multiplexer, half of the speed encoder 23
and the register 27 are 12-   which is used in the illustrated embodiment,
are bit devices, while the input bus 49 to the register  driven,
respectively by CLK4 and CLK8 so that all 27, and the output bus 53 from
the register are 8-  four inputs are polled every CLK8 cycle. In other 5
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multiplexer switches synchronously with  125 with an enable tied to a
system  reset CLK2, depicted in FIG. 3 only. CLK2 and CLK2',     "SYSRESET"
line. This functional arrangement can which is [err] out of phase with
respect to CLK2,    be implemented by an AND gate with the STORE are
drive-system-wide clock signals having twice   and the SYSRESET lines as
inputs. the cycle time as CLK1. Since, by the upstream    5    The J input
of flip-flop 141 is held high; and one-shot function, any signal active at
the mul-   the clear "CLR" inputs of both JK flip-flops are tiplexer 123
inputs CO, C1, C2 and C3 is active for  held inactive. In the absence of an
active detection -. an entire CLK8 cycle, so representation of the     or
request signal, the preset "PRE' inputs of both active signal is assured at
output Q1 of multiplexer  JK^ flip-flops 141 and 143 are held active so
123.                                          10  outputs 1Q and 2Q are
high and output 10  is The output Q1 functions as a STORE signal to   low.
During a high STORE signal from state ma- the PRE inputs of data bus
multiplexer section 105,  chine 101, the PRE inputs of the JK  flip-flops
are as described below. The form of this STORE out-    inactivated, and the
flip-flops are clocked by CLKM. put from Q1 of multiplexer 123 is
illustrated in the  The first JK^ flip-flop is held in toggle mode so
timing diagram of FIG. 3 for the case in which the   15  outputs 1Q and 1Q
invert every CLKM clock gap-to-block boundary input line 41 and the block-
cycle, producing timing signals with cycles twice to-gap boundary input
line 42 are active, while the  that of CLKM. In other words, the first JK^
flip-flop remaining input lines 43 and 44 are inactive. This  141 outputs a
timing signal with the same cycle STORE signal is inverted at inverter 127,
so that  time as CLK1. the active low enable OE^ of speed decoder 23 is  20
The second JK^ flip-flop 143 has its J and activated when STORE is high.
The relationship of  K^ inputs tied to the 1Q and 1Q outputs, respec- STORE
and the OE ^ input of speed decoder 23 is    tively, of the first JK ^S
flip flop 141. As a result, illustrated in FIG. 3. When so enabled, the
speed  its output 20, which is preset at "1", switches to decoder 23
transfers its contents to register 27    "O" on the first CLKM input, and
then toggles at along bus 49.                                  25  1/2 the
rate of 1Q. Thus, 2Q has the same fre- Register 27 comprises three 4x4
registers 131,  quency as CLK2. 133 and 135, which can be 74LS670 type
devices.        Accordingly, the 2Q output drives the SEL in- Each of the
4x4 registers 131, 133 and 135 in-     put of the speed decoder 23. When OE
is active cludes the following inputs and outputs: data inputs  and SEL is
low, the four higher bits of the stored D1, D2, D3 and D4; data outputs,
Q1, Q2, Q3 and   30  position value are transferred along input data bus
Q4; a write enable GW^, a read enable GR^, a       49 to 4x4 register 131.
Then, when SEL goes high, lower order write address WA, a higher order
write  the lower eight bits are transferred via bus 49 to address line WB,
a lower order read address line   4x4 registers 133 and 135. RA, and a
higher order write address line RB.          In order for the transfer to
be effected, the The illustrated speed decoder 23 accepts in-  35
appropriate write enable inputs GW of the 4x4 puts at CHA and CHB
originated by the speed        registers must be activated. This is ensured
by the sensor, converted to quadrature by a quadrature    lower half of a
dual 2:4 decoder chip 145. The 1Q [err] and transmitted along lines 67A and
67B.  and 2Q outputs of the JK A flip-flopsare directed to The sensor,
encoder and decoder 23 function to-    2A and 2B select inputs of the
permanently en- gether as a position indicator. The illustrated de-  40
abled decoder chip 145. The lower half of the chip coder 23 is an HCTL 2000
produced by Hewlett-      counts at the rate of one CLK1 cycle per count
Packard Company, and provides 12-bit resolution,   through a cycle starting
at the preset of 11 for 1Q, and thus storage, but only eight data output
lines.  2Q then 00, 10, 01 and 11 then back to 00. Thus, two transfers are
required to send full-resolu-  The first and third of these activate
outputs 240 tion position indications. Accordingly, a select  45  and 241
respectively. The unused outputs 242 and "SEL" input permits toggling of
the output between  243 occur during settling times during which the the
four higher order bits and the eight lower order  values on the data lines
are uncertain. Thus, for bits.
4x4 register 131, the write enable input GW^ is This "SEL" input is driven
by the output of     activated by 2Y0 while the transferred higher order
data bus multiplexing section 105. An SEL signal is  50   4 bits are
guaranteed valid, and for 4x4 register illustrated in FIG. 3 for the case
where the bound-  133 and 135, the write enable inputs GW ^ are ary
detections are active and the reel encoder and  activated by 2Y1 while the
transferred lower order servo request lines are not.
8 bits are guaranteed valid. Section 105 includes a first JK^ flip-flop 141
The register 27 is read with similar timing in series with a second JK^
flip-flop 143. The   55  considerations. Most of the timing is generated
preset "PRE" inputs of are controlled by the       independently by the
servo controller 19 as it re- STORE output of state machine 101. The STORE
quests values stored in the register 27. The ad- signal is shown in FIG. 2B
governed by a buffer    dresses are conveyed along lines PA[1] and PA[2] 6



11                EP 0 263 929 B1                    12 to inputs RA and RB
of each 4x4 register. A read   could be issued just after a CLK8 cycle has
begun, request from the servo controller 19 generates a   so that two CLK8
cycles could pass before the READ signal and an H/L signal at twice the
rate of  requested value is stored. The delay is than 4.8 the READ signal.
The READ and H/L signals serve   [err] Thus, a tape drive system operating
at 200 to control the multiplexing of the data output bus   5   inches
(5.04 m) per second would achieve a posi- 53 in a manner analogous to that
which the outputs  tioning accuracy within 1 mil (0,025 mm). of the JK^
flip-flops 141 and 143 govern the          This is to be contrasted with
prior art systems multiplexing of the input data bus 49.             in
which the delays can vary unpredictably over a The timing chart of FIG. 3
provides an example  range at least an order of magnitude greater. Thus, of
the operation of the position capture circuitry for  10  the present
invention provides for much greater the case in which the boundary mark
detection      positioning accuracy for a tape drive system. This lines 41
and 42 are active, and the remaining input  means that greater densities
can be managed with lines 43 and 44 are inactive, as indicated near the
less wasted motion, yielding a substantially greater bottom of FIG. 3. When
CLK8 next goes high, the    data throughput. input values are transferred
to the respective inputs  is  Of course, the specifics of the timings vary
in of multiplexer 123 for one CLK8 cycle. The one-    embodiments with
different tape speeds, clock cy- shot function of the D flip-flops 117 and
119 and  cle times, numbers of position types polled and AND gates 121
forces all inputs to the multiplexer  other variables. In addition, many of
the functions to zero, unless one of the inactive inputs becomes  of the
position capture circuitry can be implement- active before the next rising
edge of the CLK8   20  ed in alternative ways. Furthermore, the structure
cycle.                                             of the position capture
circuitry can be altered to As a result of the given input pattern, the
correspond with different interfacing arrangements STORE output of the
multiplexer 123 is high for the  with surrounding components. first two
quarters of the CLK8 cycle and low for the next two quarters as shown in
FIG. 3. The OE^   25  Claims input to the speed decoder 23 mirrors its com-
plement, STORE, as shown. Thus, both the data      1. A tape drive system
for reading information bus multiplexing section 105 and the speed de-
stored on a moving tape, said information in- coder 23 are active during
the CLK8 quarter cycles    cluding user data and system data, said sys-
corresponding to the boundary detection inputs at  30  tem data including
encoded position marks, lines 41 and 42, and inactive during the rest of
the  said system comprising: CLK8 cycle.
a transducer (17) for converting information, While STORE is active high,
the pair of JK         stored on the tape being transferred across
flip-flops produces at output 2Q the SEL signal        said transducer;
which drives the multiplexing for the speed de-  35   drive means for
transporting the tape across coder 23. Outputs 1Q and 2Q are used to cycle
said transducer, said drive means being adapt- through the "240-243"
outputs of the dual 2:4 de-      ed to start, stop, increase, and decrease
the coder 145, the GW [err] inputs being combined in          speed of tape
transport in response to re- FIG. 3. In other words, the first and third
active    ceived drive.control signals (63); lows are transmitted from 240
to GW  of 131,  40     tape position indicator means (23) for measur- while
the second and third active lows are transmit-  ing a tape position with
respect to a predeter- ted from 241 to GW  of 4x4 registers 133 and
mined position on a tape being transported 135. The address lines WA and WB
of the 4x4           across said transducer (17); registers driven by the
CLK4 and CLK8, and thus       mark detection means (21) for detecting the
are cycled through synchronously with multiplexer  45  occurrence of an
encoded position mark; 123, so that the writes are stored in the addresses
servo means (19) for controlling tape transport dedicated to the input
being sampled at the time.     across said transducer (17), said servo
means Due to the offset of CLKM, SEL and GW A are        being arranged to
have access to current tape activated long enough after OE  to ensure valid
position values of said tape position indicator data is transferred. In
other words, valid data is on-  so  means, said servo means including means
for line prior to the end of each GW active signal.      calculating a
current tape position relative to a Thus, the position capture circuitry
provides for     tape position associated to a mark from a detected and
requested positions to be stored in      current tape position value and a
tape position respective dedicated addresses 31, 32, 33 and 34.     value
received at occurence of a mark charac- The stored values are updated as
frequently as  ss  terised by the position marks being data block
appropriate, limited only by the CLK8 cycle time,     boundary marks the
transducer (17) generating which in the illustrated embodiment is 2.4 [err]
In a   a data stream including said data block bound- worst case analysis,
a reel encoder detection signal  ary marks; 7    



11                EP 0 263 929 B1                     12 to inputs RA and
RB of each 4x4 register. A read  could be issued just after a CLK8 cycle
has begun, request from the servo controller 19 generates a   so that two
CLK8 cycles could pass before the READ signal and an H/L signal at twice
the rate of  requested value is stored. The delay is than 4.8 the READ
signal. The READ and H/L signals serve    [err] Thus, a tape drive system
operating at 200 to control the multiplexing of the data output bus   5
inches (5.04 m) per second would achieve a posi- 53 in a manner analogous
to that which the outputs  tioning accuracy within 1 mil (0,025 mm). of the
JK^ flip-flops 141 and 143 govern the           This is to be contrasted
with prior art systems multiplexing of the input data bus 49.
in which the delays can vary unpredictably over a The timing chart of FIG.
3 provides an example  range at least an order of magnitude greater. Thus,
of the operation of the position capture circuitry for  10  the present
invention provides for much greater the case in which the boundary mark
detection       positioning accuracy for a tape drive system. This lines 41
and 42 are active, and the remaining input  means that greater densities
can be managed with lines 43 and 44 are inactive, as indicated near the
less wasted motion, yielding a substantially greater bottom of FIG. 3. When
CLK8 next goes high, the    data throughput. input values are transferred
to the respective inputs  15  Of course, the specifics of the timings vary
in of multiplexer 123 for one CLK8 cycle. The one-    embodiments with
different tape speeds, clock cy- shot function of the D flip-flops 117 and
119 and  cle times, numbers of position types polled and AND gates 121
forces all inputs to the multiplexer  other variables. In addition, many of
the functions to zero, unless one of the inactive inputs becomes  of the
position capture circuitry can be implement- active before the next rising
edge of the CLK8   20  ed in alternative ways. Furthermore, the structure
cycle.                                             of the position capture
circuitry can be altered to As a result of the given input pattern, the
correspond with different interfacing arrangements STORE output of the
multiplexer 123 is high for the  with surrounding components. first two
quarters of the CLK8 cycle and low for the next two quarters as shown in
FIG. 3. The OE ^   25  Claims input to the speed decoder 23 mirrors its
com- plement, STORE, as shown. Thus, both the data      1. A tape drive
system for reading information bus multiplexing section 105 and the speed
de-         stored on a moving tape, said information in- coder 23 are
active during the CLK8 quarter cycles     cluding user data and system
data, said sys- corresponding to the boundary detection inputs at  30  tem
data including encoded position marks, lines 41 and 42, and inactive during
the rest of the   said system comprising: CLK8 cycle.
a transducer (17) for converting information, While STORE is active high,
the pair of JK^         stored on the tape being transferred across
flip-flops produces at output 2Q the SEL signal        said transducer;
which drives the multiplexing for the speed de-  35    drive means for
transporting the tape across coder 23. Outputs 1Q and 2Q are used to cycle
said transducer, said drive means being adapt- through the "240-243"
outputs of the dual 2:4 de-      ed to start, stop, increase, and decrease
the coder 145, the GW  inputs being combined in           speed of tape
transport in response to re- FIG. 3. In other words, the first and third
active     ceived drive control signals (63); lows are transmitted from 240
to GW  of 131,  40      tape position indicator means (23) for measur-
while the second and third active lows are transmit-   ing a tape position
with respect to a predeter- ted from 241 to GW  of 4x4 registers 133 and
mined position on a tape being transported 135. The address lines WA and WB
of the 4x4            across said transducer (17); registers driven by the
CLK4 and CLK8, and thus        mark detection means (21) for detecting the
are cycled through synchronously with multiplexer  45  occurrence of an
encoded position mark; 123, so that the writes are stored In the addresses
servo means (19) for controlling tape transport dedicated to the input
being sampled at the time.      across said transducer (17), said servo
means Due to the offset of CLKM, SEL and GW  are         being arranged to
have access to current tape activated long enough after OE^ to ensure valid
position values of said tape position indicator data is transferred. In
other words, valid data is on-  50  means, said servo means including means
for line prior to the end of each GW ^ active signal.      calculating a
current tape position relative to a Thus, the position capture circuitry
provides for      tape position associated to a mark from a detected and
requested positions to be stored in       current tape position value and a
tape position respective dedicated addresses 31, 32, 33 and 34.      value
received at occurence of a mark charac- The stored values are updated as
frequently as   55  terised by the position marks being data block
appropriate, limited only by the CLK8 cycle time,      boundary marks the
transducer (17) generating which in the illustrated embodiment is 2.4 [err]
In a  a data stream including said data block bound- worst case analysis, a
reel encoder detection signal   ary marks; 7    
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means (25) for accessing tape   7 The tape drive system of Claim 6 wherein
said position value readings of said tape position        position capture
means (25) includes one-shot indicator (23) in response to said data block
means (117, 119, 121) for converting an active boundary mark detections by
said mark detec-        signal on one of said position store command tion
means (21) and for storing a plurality of   5   lines into a substantially
square pulse, the du- tape position values, said position capture
ration of which is equal to the clock cycle time means being adapted for
receiving from said          multiplied by the number of command lines
servo means a request (43) to store a tape           polled by said polling
means, said one-shot position value in response to a mark and to
means acting on all command lines synchro- transmit a stored tape position
value of a mark   10  nously so that each command line triggers to said
servo means,                                 exactly one position value per
command. said servo means being adapted for issuing drive control signals
to said drive means in     PatentansprUche response to a calculated current
tape position value relative to a tape position value of a mark   is  1.
Bandantriebsystem zum Lesen von auf einem as prescribed by a tape
positioning strategy         beweglichen Band gespeicherter Information,
during retries.                                      welche Benutzterdaten
und Systemdaten um- faflt, wobei die Systemdaten kodierte Posi- 2. The tape
drive system of Claim 1 wherein said        tionsmarken einschlieflen,
umfassend: position capture means (25) includes register   20   einen
Transducer (17) zum Wandeln von Infor- (27) for storing mark position
values.               mationen auf dem  Band, welches an dem Transducer
vorbeigefahrt wird; 3. The tape drive system of Claim 2 wherein said
einen Antrieb zum Transportieren des Bandes register (27) is adapted for
concurrently storing    vorbei an dem Transducer, wobei der Antrieb values
for plural types of positions, at least one   25  zum Starten, Stoppen,
Erh6hen und vermin- of said types being a type of mark position
dern der Geschwindigkeit des Bandtransports corresponding to a detection by
said mark            auf empfangene Steuersignale (63) hin ausge- detection
means, and at least one of said           legt ist; types being a requested
position correspond-         eine Bandpositionsanzeigevorrichtung (23) zum
ing to a current position request by said servo   30  Messen einer
Bandposition bez~glich einer means.
vorbestimmten Position auf dem Band, das am Transducer (17) vorbei
transportiert wird; 4. The tape drive system of Claim 3 wherein said
eine Markenerfassungsvorrichtung  (21) zum register (27) includes plural
addresses, each        Detektieren des Auftretens einer kodierten Po-
address being dedicated to a respective type   35    sitionsmarke; of
position.                                         eine Servovorrichtung
(19) zum Steuern des Bandtransportes vorbei am Transducer (17), The tape
drive system of Claim 4 further com-        wobei die Servovorrichtung so
eingerichtet ist, prising a means (115) for generating a clock         daR
sie Zugriff zu aktuellen Bandpositionswer- signal with a predetermined
constant cycle  40       ten der Bandpositionsanzeigevorrichtung hat, time,
said position capture means (25) includes      wobei die Servovorrichtung
Mittel zum Berech- means for successively accessing all address-        nen
einer momentanen Bandposition bezlglich es of said register (27) on
respective succes-       einer Bandposition hat, welche einer Marke sive
clock cycles.                                   eines laufenden
Bandpositionswertes und ei- 45      nem beim Auftreten einer Marke
empfangenen 6. The tape drive system of Claim 5 wherein said
Bandpositionswert zugeordnet ist, dadurch ge- position capture means (25)
includes multiple        kennzelchnet,  daO  die  Positionsmarken position
store command line, means (101) for         Datenblock-Randmarken  sind,
wobei  der successively polling each position store com-        Transducer
(17) einen Datenstrom einschlieR- mand line synchronously with the action
of  so      lich der Datenblock-Randmarken erzeugt; said means for
successively accessing ad-            daB eine
Positionserfassungsvorrichtung (25) dresses, and means for enabling a
transfer of a      vorgesehen ist, um auf die Bandpositionsausle- position
value from  said position indicator         sewerte der
Bandpositionsanzeigevorrichtung means to said register (27) when a polled
in Antwort auf die Erfassung der Datenblock- position store command line is
active so that a   55  Randmarken mittels der Markenerfassungsvor- position
value is stored at a respective dedi-       richtung (21) zuzugreifen und
mehrere Band- cated address.
positionswerte zu speichern, wobei die Posi- tionserfassungsvorrichtung von
der Servovor- 8                                  1       1 *   C   L   M
S   *   
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Befehl (43) erhalten kann, einen  7. Bandantriebssystem  nach Anspruch 6,
bei Bandpositionswert in Antwort auf eine Marke        dem die
Positionserfasssungsvorrichtung (25) hin zu speichem  und einen
gespeicherten           eine "Ein-SchuB" (one-shot)-Vorrichtung (117,
Bandpositionswsrt einer Marke zu der Servo-        119,121) zum Wandeln
eines aktiven Signales vorrichtung zu Ubertragen,                 5
in einer der Positionsspeicher-Steuerleitungen wobei die Servovorrichtung
Antriebssteuersi-       in einen im wesentlichen Rechteckimpuls auf- gnale
zu dem  Antrieb in Antwort auf einen         weist, wobei die Dauer dieses
Impulses gleich berechneten Bandpositionswert beziglich ei-        der
Taktzykluszoit multipliziert mit der Anzahl nes Bandpositionswertes einer
Marke wie be-        der von der Abfragevorrichtung abgefragten schrieben
mittels einer Bandpositionsstrategie  10  Steuerleitungen ist, wobei die
Ein-SchuO-Vor- bei wiederholten Versuchen ausgeben kann.          richtung
auf alle Steuerleitungen synchron ein- wirkt, so dal3 jede Steuerleitung
exakt einen 2. Bandantriebssystem nach Anspruch 1 be! dem
Positionswert pro Befehl triggert. die Positionserfassungsvorrichtung (25)
ein Re- gister (27) zum  Speichern von Markenposi-  15   Revendications
tionswerten umfaft. 1. Systhme d'entrainement de bande pour lire 3.
Bandantriebssystem  nach Anspruch 2, bei            une information stockee
sur une bande qui se dem  das Register (27) zum  gleichzeitigen
deplace, Wadite information incluant des don- Speichern von Werten fOr
mehrere Arten von   20    n6es utilisateur et dos donn6es systbme, lesdi-
Positionen ausgelegt ist, wobei mindestens         tes donnees systbme
incluant des repbres de eine dieser Arten eine Markenpositionsart ent-
position codes, ledit systbme comprenant: sprechend einer Erfassung durch
die Marken-            un transducteur (17) pour convertir l'infor-
erfassungsvorrichtung ist und mindestens eine      mation stock6e sur la
bande en cours de trans- dieser Arten eine verlangts Position entsprs-  25
fort par rapport audit transducteur, un moyen chend einem momentanen
Positionsbefohl der         d'entra~nement pour deplacer la bande par
Servovorrichtung darsteilt.                        rapport audit
transducteur, ledit moyen d'en- trainement etant congu pour d6marrer,
arrater, 4. Bandantriebssystem  nach Anspruch 3, bei            augmenter
et diminuer la vitesse de deplace- dem das Register (27) mehrere Adressen
snt-  so    ment de bande en reponse a des signaux do hNMt, von denen jede
einer entsprechenden Po-      commande d'entraTnement regus (63) ; un
sitionsart zugeordnet ist.                         moyen indicateur de
position de bande (23) pour mesurer une position de bande par rap- 5.
Bandantriebssystem nach Anspruch 4, welches         port a une position
pred~termin~e sur une Mittel (115) zum Erzeugen sinss Taktsignales   35
bande en cours de d~placement par rapport mit einer vorbestimmten
konstanten Zykluszeit      audit transducteur (17) ; un moyen de d6tec-
aufweist, wobei die Positionserfassungsvorrich-    tion de repbre (21) pour
detecter la survenue tung (25) Mittel zum sukzessiven Zugriff auf
d'un repbre de position code; alle Adressen des Registers (27) in entspre-
un moyen d'asservissement (19) pour chenden aufeinanderfolgenden Taktzyklen
auf-  40   commander un d6placement de bands par weist.
rapport audit transducteur (17), ledit moyen d'asservissement 6tant agence
pour avoir ac- 6. Bandantriebssystem  nach Anspruch 5, bei            cbs a
des valeurs de position de bande cou- dem  die
Positionserfassungsvorrichtung (25)       rante dudit moyen indicateur de
position de einen Steuerleitungsstrang mit mehreren Posi-  45  bande, ledit
moyen d'asservissement incluant tionsspeichersteuerleitungen, eine
Vorrichtung     un moyen pour calculer une position do bande (101)  zum
sukzessiven  Abfragen  jeder          courante par rapport a une position
de bande Positionsspeicher-Steuerlsitung synchron mit       associ~e a un
repbre a partir d'une valeur do der Betatigung dieser Mittel zum
sukzessiven       position de bande courante et d'une valeur de Zugreifen
auf die Adressen und Mittel zum   so     position de bande regue lors de la
survenue Ausl6sen der Obertragung eines Positionswer-       d'un repbre,
caracteris6 en ce que les repbres tes von der Positionsanzeigevorrichtung
zu         de position sont des rspbres do frontibres de dem Register (27)
aufweist, wenn eine abge-        blocs de donn6es, le transducteur (17)
gene- fragts Positionssteuer-Speicherleitung aktiv ist,  rant un train de
donnees incluant lesdits repb- so daR ein Positionswert an einer
entsprechen-   55  res de frontibres de blocs de donnees; den zugeordneten
Adresse gespeichert wird.             un moyen de capture de position (25)
pour acceder a des lectures do valeurs do position de bande dudit
indicateur de position de ban- I I!1111111111 1111111 111 I      9 * C   L
M   S *  
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auxdites detections de         un moyen (101) pour interroger successive-
reperes de frontibres de blocs de donndes au      ment chacune des lignes
de commande de moyen dudit moyen de detection de repere          stockage
de position de fagon synchrone par (21) et pour stooker une pluralite de
valeurs de  rapport h I'action dudit moyen pour acceder position de bande,
ledit moyen de capture de   5  successivement aux adresses et un moyen
position 6tant congu pour recevoir en prove-      pour valider un transfert
d'une vaieur de posi- nance dudit moyen d'asservissement une re-
tion depuis ledit moyen indicateur de position quote (43) de stockage d'une
valour de posi-      jusqu'audit registre (27) torsqu'une ligne de s"-
tion de bande en r6ponse a un repbre et de         commande de stockage de
position interrogee transmission d'une valour de position de bande   10
est active de telle sorte qu'une valeur de posi- stockee d'un repbre audit
moyen d'asservisse-     tion soit stockee en une adresse respective ment;
d6dide. Iedit moyen d'asservissement 6tant congu pour d6livrer des signaux
de commande d'en-    7. Systhme d'entraihement de bande solon la traihement
audit moyen d'entrainement on r6-  15  revendication 6, dans lequel ledit
moyen de ponse & une valeur de position de bande cou-      capture de
position (25) inclut un moyen rante calcul6e relativement & une valour de
monostable (117, 119, 121) pour convertir un position de bande d'un repbre
tel quo prescrit    signal actif present sur l'une desdites lignes de par
une strategie de positionnement de bande      commande de stockage de
position en une lors de nouvolles tentatives.             20      impulsion
sonsiblement carr6e dont la dur6e est egale au temps de cycle d'horloge
multi- 2. Systeme d'entra'iement de bande solon la           pli6 par le
nombre de lignes de commando revendication 1, dans loquel ledit moyen de
interrogdes par ledit moyen d'interrogation, le- capture de position (25)
inclut un registre (27)  dit moyen monostable agissant sur toutes les pour
stocker des valours de position de repe-  25  lignes de commande de fagon
synchrone de res.                                              tolle sorto
quo chaque ligne de commande declenche exactement une valeur de position 3.
Systeme d'entraihement de bande solon la           par commande.
revendication 2, dans lequel ledit registre (27) est congu pour stocker
concurremment des  30 valeurs pour plusieurs types de positions, au moins
l'un desdits types 6tant un type de position de repere correspondant A une
detec- tion par ledit moyen de detection de repere et au moins l'un desdits
types etant une position   35 requise correspondant a une requOte de posi-
tion courante emise par ledit moyen d'asser- vissement. 4. Systdme
d'entrainement de bande solon la  40 revendication 3, dans loquel ledit
registre (27) inclut plusieurs adresses, chaque adresse 6tant dddi6e b un
type respectif de position. 5. Systbme d'entrafnement de bande solon la  45
revendication 4, comprenant en outre un moyen (115) pour g6nerer un signal
d'horloge solon un cadencement cyclique constant pr6- d6termine, ledit
moyen de capture de position (25) incluant un moyen pour acceder successi-
50 vement A toutes les adresses dudit registre (27) lors de cycles
d'horloge successifs res- pectifs. 6. Systeme d'entrainement de bande solon
la  55 revendication 5, dans lequel ledit moyen de capture de position (25)
inclut une ligne de commande de stockage de positions multiples, 10    


