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WRITE HEAD _gugm ' DAMPING WITH DYNAMIC COUPLING

BACKGROUND OF THE INVENTION

PREpem—er LSRR

1. Field of the Invention

The present invention relates to a write head current damping circuit with dynamic
coupling. More particularly, the present invention relates to a write head current damping cirouit
which minimizes high frequency ringing in write driver circuits, thereby minimizing current
overshoot during a ﬁmsimn response pu.‘iod, while maintaining maximum write current drive to

the write head.

Generally, a write driver circuit for a tape product is used to write data onto a tape. Figure
1 is cirouit diagram of a conventional write head/cable circuit 100. The wnte head/cable load 10
consists of an inductive/capacitive (reactive) and rosistive loads. To write data to tape, the write
head is driven with alteroating polaities of a DC curreat, I, By fipping the polarity of the load
cm'rent, I, domains on a tape are set, thereby wntmg data to tlie tape. In the example of Figure L ‘
data signal D and its compliment D_ are inputs into inverter 2 and inverter-4, respectively. Each ! |
of inverter 2 and inverter 4 receive write voltage, V,, from the source 6 and output either 0 or V,
volts altématively, depending on whether D is high or low. Resistor, R, loads the head/cable 10 to
deliver current, I, to the head. |

Figure 2 is the equivalent of the write driver circuit 100 of Figure 1, including write driver
6, and the write head/oable 12, where driver 6 is the source, and load 10 is composed of the write
head and cable. Voltage source, V,, is the output voltage of writs driver 6, and V, is the voltage

across the load 10. Z, is the output itnpedance of write driver 6. Asa general statement, the
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cable operates to couple the write driver 6 to the write head so that power may be supplied from V,

to the write head, C, represents the capacitance of the cable. R, and L, represent the resistance

and inductance respectively, i.e. reactance, of the head. For ease of explanation, where source

'impedance, Z,, is a resistor, R, circuit analysis of write driver circuit of Figure 2 results in the

following equation (equation 1) for V,:

Eq
[1+Ly/Ry))s
Vo = R/RAR) * : . *V,

1+ RRCHR R + L/R AR + [R.LhCJ(R;"Rh)]S’

"I'he denominator on the right side represents a second order system, wherein there isn
damping factor proportional to the coe!ﬁc:ent, RRC/R ARy + L/ (RARy)), of the first order
term. Inherently, the reactance of the coupling cable introduces high frequency ringing during
transient respanse, thereby generating an overshoot in the transient response of load cutrent. This
is illustrated by current overshoots 20a and 20b of waveform 20 in Figure 5. Wavefonm 20
represents the aumﬁng write driving signal to the head and generally includes a fransient period
and a steady state period, where data is written during the steady state period. As seen in
waveform 20, the aforenm‘nﬁoned damping factor does little to minimize the avershoot.

In applications that require faster current rise tines in response to an increase in tape speed

and/or faster data writing capabilities, one solution in the art has been o reduce the inductance of
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the cable. However, a lower inductance causes a decrease in the damping factor, and therefore,
an increase.in overshoot.

Various current damping circuits for ininimizing overshoot in write circuits are known.
One such technique is illustrated by the equivalent write driver ?ircuit of Figure 3. In this
approach, a damping resistor, Ry, is placed in paralle] with the write head. The resultant
modifications of source resistance, R,, and source voltage, V, (with respect to equation 1 above):’

R, is replaced by R, (Rp/RpR)
V, is replaced by V, Rp/(Rp+R,)

Note that R, and V, are both decreased by the infroduction of Rp. The decreased R,
Increases tiw term, L,/(RAR,), of the damping factor, {R,RyC/RHRy) + Li/R,+Ry)). Note that
RD does not significantly effect the term, RRCIRARy), since R,, which is significantly greatex
than Ry, exists both in the mumerator and denominator. While this increase in damping factor

effectively reduces the overshoot, the dampmg resistor also loads the driver cxromt, which reduces

V, in equation 1 above, thereby reducing the current available to the wrile head This is ﬂlustrated

by the decreased DC current drive of waveform 24 of Figure 5. One solution to tlns consequence
has been to increase the drive capability of the write driver to handle the added loading of the
damping resistor. This solution requires that it be feasible to icrease the drive capability of the
write driver, which is not always the case. Fm.ther, the excess power supplied by the driver is not
utilized for the write head, and jis dissipilmed as heat.

As i8 apparent from the ‘discussion ébove, these techniques have failed to minimize the
overshoot characteristic of a write signal while preventing an unnecessary load to the write driver
cireuitry. |
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Accordingly, the present invention' solves the aforementioned drawbacks of the prior art by
| limiting or removing the overshoot during the transient response pertod of a data writing signal
supplied to a write head, without loading the write head during steady state (data writing) periods.

In one embodiment, the present invention provides a write head cuirent damping circuit,
The cirouit inchudes & write head cable ogupled to wrts head, the write head and the cabls
roceiving & write signal. The oirouit also includes a damping cirouit comprising a darmping
element. Preferably, the damping circuil is adapted to couple the damping element to the write
head during a transient period of the write signal, and also adapted to decouple the damping
element from the write head during a steedy state period of the write signal. |

In another embodiment, the present invention provides a write head current damping
circuit, comlsmg a write head defining a reactive load; a write head cable coupled to the write
head and defining an impedance load; and a damping c:rcuzt coupled to the write head, and
defining a danping load to a write sxgnal during & transient response period of the write head and
the cable, and further defining an open circuit during & steady state period of the write head'and
the cable.

Tn method form, the present invention provides a method for damping the transient
response of a write head comprising the steps of: supi:lying a write signal to a write head;
coupling a damping element to the write head diiring a transient period of the write signal; and
decoupling said damping element from said write head duting a steady state period of the write

signal.
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It will be ;Lppreoiated by those skilled in the art that although the following Detailed
Description will proceed with reference being made to preferred embedi'ments and metheds of use,
the present invention is not intended to be limited to these preferred embodiments and methods of
use. Rather, the present invention is intended to be limited only as set forth in the accompanying
claims.

Other features and advantages of the present invention will become apparent as the
following Detailed Description proceeds and upon reference to the Drawings, wherein like
numerals depict like parts, and wherein:

o o .

Figure lisa cxrcmt diagram of a write head/cable circuit;

Figure 2 is an equivalenf cirenit of the write driver head and cable of the prior axt;

Figure 3 is another equivalent vircuit of the write dnver head and cable of the prior art;

Figute 4 is an equivalent circuit diagram of a write driver head and cable with a transient
respofse current daraping cirouit acoording to the present invention;

Fig&e 5 is a set of simulations for the equivalent circuits of Figures 2, 3, and 4.

Detailed Descrip ﬁon of the Exemplary Embodiments

| Figure 4 is an equt cirouit diagram 300 of a write driver head and cable with a
transient response omrent damping circnit 12 according to the present invention. The transjent
response damping oircuit 12 essentially comprises a capacitive load, Cy, in sories with a resistive:
load, Ry This load is placed in parallel with the equivalent circuit 10 of the write head/cable as
shown in the Figure, Ry, is most preferably selected to minimize or eliminate the transient
Fesponse overshéot of the write signal, V, during a transient response period. Cp, decouples Ry,
e |
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during a steady state (or data writing) period, thereby preventing an unnecessary loading of the
write driver circuit 10 during the data writing period.

When source voltage switches from low to V,, current, L, flows thftmgh the damping
capacitor, Cp, charging the capacitor, and through damping resistor, Ry, thereby damping ﬂml
overshoot as described above in reference to Figure 3. As apparent to one skilled in the ert, the
current through C,,) is characterized by I, = Cp, (dV/dt). While V; across the damping capacitor is
increasing, dV/di > 0, thereby allowing for current, I, to flow through the capaciter, Cp, and
damping resistor, Ry. When V, reaches a steady stétc voltage defined by DC smm;e voliage, V,,

dV/dt goes to 0. Further, I, = Cy, (dV /dt) = 0, and no current flows in the damping cirouit 12

' removing the datping effect of Ry, from the circuit. Therefore, in steady state, the circuit of Figure

4 resembles the circuit of Figure 2.

Likewise, sinoe the damping resistor Ry is removed after the transient period, the
masizgum DC drive current is delivered to the write head 10 during steady state. Also, When
soos voltage switches from V, to low, V, decreases, increasing dV,/dt and thereby inoreasing
current, I, and damping the overshoot with damping resistor, Ry, 'Whm V, reaches the DC low,
the circuit returns to steady state, opening damping ¢ircuit 1 1, and maximum current drive to the
write head 10. Advantageously, during steady state response, damping capacitor, Cp, acts as a
voltage source, thereby supplying additional write driving cuxrent proportional to Ry,

Figure 5 represents a set of cirenit simulations for the circuits of Figures 2 and 3, and
Figare 4. The signals 20, 22 and 24 represent the response (V,,¢) of the cifﬁuits of Figures 2, 3 and
4, respectively, of a data write signal. The signals include a transient response period 26 and a

steady state or data writing period 28. As indicated, where the load 10 operates at a constant DC
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currext at either polarity, it is in steady state. Signal 20 (Figure 2) depicts an underdamped
response, having the largest overshoot 20a during the transient rasponse period. Signal 22 (Figure
3) depiots a dempened overshoot, but a reduced write current during steady etate. Signal 24 in the
response of the cirouit of the present invention (Figure 5) demonstrates that the overshoot is
substantially removed compared with signal 20. Also, the steady stale value is approximately
equal to the steady state value of signal 20, i.c., unloaded during steady state.

Thus, it is apparent that the present invention solves the aforementioned drawbacks of
write head driver circuits. Importantly, since the overshoot portion of the data writing signal is
decreased by the damping circuit 12, faster switching speeds and faster data writing capabilities
are achieved. Those skilled in the art will recognize numerous modifications may be made to the
present invention. For example, the capacitive load, Cp, may be comprised of two or more
capacitive elements in series or in parallel. Likewise, the resistive load, Ry, ﬁa’ay cemprise one or
more resistive clements and or reastive elements. o

Further modifications may also be made. For example, although not shown in the
drawings, the damping capacitor, Cp, may be replaced with.a controllable switch, that is
 controlled to switch on (e.g. conducting) during the transient period and off (e.g. not conducting)
“during the steady state period. Also, it should be apparent that the damping circuit 12 of the
present invention may be replaced by a more complex passwe netwark, or a network eontammg
nonlinear components. These and other modifications are deemed within the spirit and scope: of
the present invention only as limited by the following claims.

A\
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CLAIMS
1. A wiite head current daunping circuit, comprising:
‘a writs head cable coupled to write head, said write head and said cable receiving a write
signal,

a dafnping circuit comprising a damping eleﬁxent, said daroping circuit adapted to couple

said damping element to said writc head during a transient period of said write signal and adapted

to decouple said damping element from said write head during a steady state period of said write
signal.

2. A circuit as claimed in olaim 1, wherein said damﬁing circuit comprises at least one
resistor and at least one capacitor in series.

3. A circuitas claimed in claim 2, whercin said capacitor couples said resistor to said write
biead during said transient period and decouples said resistor during said steady stal period.

4. " A circuit as claimed in olaim 1, forther comprising a write driver circuit supplying said

write signal to said cable and said write he.ad.

5. A cirouit as claimed in claim 1, wherein said damping circuit comprises a switch coupled

to said damping element.

6. A cirouit as claimed in claim S, wherein said switch being controlled to couple said
damping element to said write head during said transient period and to decouple said damping
element from said write head during said steady state period.

7. A circuit as claimed in claim 1, wherein an equivalent cirouit of said cable and said write

head comprises an inductive load coupled to a reactive load, respectively.
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8 A circuit as claimed in' ¢laim 1, wh?rein said write signal comprising alternating polarities
of a DC signal and wherein the transition between said altemating polarities defining said
transient period.
9. A circuit as claired in claim 1, wherein said damping element decreases an overshoot
value of said write signal during said transient period.
10. A circuit as claime& in claim 1, wherein said steady state period defining a data writing
period of said write signal.,
11. A write head current damping circuit, comprising:
a write head deﬁ:ﬁng a reactive loacf;
a write head cable coupled to said write head and defining an impedance load; | l
a damping circuit coupled to said write héad, and defining a damping Joad to a writo |
signal during a transieat response périod of said write head and said cable, and fixther defining an

open circuit during a steady state period of said write head and said cable. .

12. A method for damping the transient response of a.vaitz head oompnsmg the steps of:
supplying a write sigoal to a write head, . |
coupling a damping element 10 said write head during a transient penod of said write

signal; and
decoupling said damping element from said write head during a steady state period of said

write signal.
13. A circuit as claimed in claim 11, wherein said damping load comprises at least one

resistor and at least one capacitor in series.
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14. A circuit as claimed in ¢laim 13, whercin said capacitor couples said resistor 1o said write
head during said transient period and decouples said resistor during said steady state period.

15. A circuit as claimed in claim 11, foriber comprising a write driver circuit supplying #aid
write signal to said cable and said write head. |

16. A circuit as clajmed in claim 11, wherein said demping load comprises a switch coupled
to said damping element.

17.  Acirouit as claimed in claim 16, wherein said switch being controlied to couple said
damping load to said write head during said transient period and decouple said damping load
from said write head during said steady stqfe period.

18. A circnit as claimed in olaim 11, wherein an equivalent circuit of said cable and said write
head comprises an inductive load coupled to a reactive load,'resPthiv;ly.

19. A circnit as olaimed in laim 11, wherein said write signal comprising altemiating
polarities of a DC signal and wherein the transition between said altemating polarities defining

said transient period.

~20. A cirouit as claimed in claim 11, wherein said damping element substantially removing an

overshoot value of said write signal during saéd transient period.
21. ' A circuit as claimed in claim 11, wherein said steady state period defining a data wntmg

period of said write signal.
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