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WJUTE HEAD CURRENT DAMPING WITH DYNAMIC COUPLING 

flACKQROUNP OF THE JID'ENTION 

1. Field of the Invention 

The present invention relates to a write head ourrent damping circuit with dymmic 

coupling. More particularly. the present invention relates to a write head current damping circuit 

-
which mir.dmizes high frequency ringing in write driver circuits, thereby minimizing cumm 

overshoot during a transient response period. while maintaining maximum write cmrent drive to 

the write head. 

2. Descripdon of Related Ari 

Generally, a write driver circuit for a tape product is used to write data onto a tape. Fip 

l is circuit ,diagram of a conveptional write head/cable circuit 100. The ·write head/cable load I 0 

consists of an inductive/capacitive (reactive) and resistive loads. '!9 write data to tape, the write 

head is driven with alter.oating polarities of a DC cmrent, I,. By flipping the polarity of the load 

~ I., domains on a tape are set, thereby writmg data to tlie t.ape. In the example of Figure ~, 

data signal D and its compliment D _are inputs into inverter 2 and ·mverter·4, respeotiwfy.. Each 

of inverter 2 ~ inverter 4 receive write voltage, V .. from the source 6 and output either O or V, 

'\10lts alternatively, depending on whe1her Dis high or low. Resistor~ R. loads the head/cable 10 to 

deliver cwrent, I., to the head. 

Figure 2 is the equivalent of the write driver oircuit 100 ofFigure 1, including write driver 

6, and the write head/cable 12, where driver 6 is the source. and load 10 is composed of the write 

head and ~ble. Voltage source. V., is the output voltage of write driyer 6~ and V of.•) is the voltage 

' across the load .10. Z, is the output impedance of write driver 6. As a general statement, the 
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cable operates to oouple the write driver 6 to the write head so that power may be supplied from V, 

to the write head. C0 represents the capacitanee of the cable. ~and~ represent the resista11ce 

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

·impedance, z .. is a resistor. R.. circuit analysis of write driver oircuit of Figure 2 results in the 

following equation (equation 1) for vo(t): 

(Eq. 1) 

[l +(L,/R.Ji)]s 

v o(•) = ~<Rii+RJ)"' --------------- - ----~· * v. 

'Ihe de.nominator on the right side represents a second order system, wherein there is a. 

damping factor proportiomu to the coefticient, CR.RkC/(R. +RJ + LJ(R, ~]. of the first order 

term. Inherently~ the reactanoe of the coupling cab~ introduces high frequency rhlging during 

transient response. thereby geneiating an overshoot in the transient response of load ourtent. This 

is illustrated by CUIIellt overshoots 20a and 20b of wavefonn 20 in Figure 5. Wavefoun 20 

represents the alternating write driving signal to the head and generally W.oludes a transient .period 

and a steady state period. where data is written during the steady state period. As seen in 

waveform 20, the aforementioned damping factor does little to toin:imize the ovetShooi. 

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

and/or faster data writing capabilities, one solution in the ai'l h~s been to reduce the induetance 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 minimizing overshoot in write circuits are .known. 

One such technique is illustrated by the equivalent write driver circuit of Figure 3. In this . 
approach. a damping resistor. ~ is placed in parallel with the write head. The resultant 

modifications of somce resistance, R,, and source volta~ V, (with respect to equation 1 above): 

R. is replaced by Rs <Rr/~~) 

V1 is replaced by V, (R.J(R.1;J-R..'>) 

Note that R, and V 1 are both decreased by the in1roduction of R& The decreased R. 

increases the tenn, LJ(J1. ~t of the dampmg factor, ~Cj(R. +RiJ +Lil~ +RJ]. Note that 

~ does not significantly effect the tenn. ~CJ(R. +R:ii), since R.- ~hioh is signifi~tly greater 

than :Rti. exists both in the numerator and denominator. While this increase in damping factor 

effectively reduces 1he overshoot, the damping resistor also loads the driver circuit; which reduces 

V, in equation I above, thereby reducing the curre.nt available to the write head. This is illustrated 

by the decreased DC current drive ofwa~ 24 of Figure 5. O.ne solution to this 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 increase the drive capabilify of the 

write driver, which is not always the ease. Further, the excess power supplied by the driver is not 

utilized for the write bead. and is dissipated as heat. 

As is apparent from the discussion above~ these techniques have failed to miniinize the 

e>Vershcot characteristic of a write signal while preventing an unnecessary load to the write driver 
. . . 

circuitry. 
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SUMMARY OF THEINYENTIQN 

Accordingly, the present invention solves the aforementioned drawbacks of the prior an by 

limiting or removing the overshoot during the transient response period 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 current damping circuit. 

The circuit includes a write head cable ooupled to write head. the write head and the cable 
. ' 

receiving i write signal. The oitcuit also includes a damping circuit oomprising a damping 

element. Preferably, the damping cirouit is adapted to couple the damping element to the write 

head during a transient period of the write signal, and also adapted to decouple tb.e damping 

element from the write head dw.ing a steady state period of the write signal. 

In another embodiment, the present invention provides a write head oUITent damping 

cixcuit, com.prising a write head defining a reactive load; a write head cable coupled to the write 

head and defining an impedance load; and a damplllg circuit coupled to the write head, and 

defining a damping load to a write signal during a transient response period of the write head and 

the cable, and further de(ming an open circuit during a steady state period of the write head'and 

the cable. 

Jn J1J.ethod fonn, the present invention provides a method for'damping the transient 

response of a write head comprising the steps of: supplying a wtjte signal to a write head; 

coupling a damping element to the write head dUring a transient penod of the write signal; and 

decoupling said damping element from said write head during a steady s_tate·period of 1he write 

signal. 
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It will be appreciated by those skilled in the art that although the following Detailed 

Description will proceed with reference being ·macJe to preferred embadim<mt.s and methcds of use, 

the present invention is not intended to be limited to these preferred embodiments ami methods of 

use. Rather, the present invention is intended to be limited only as set forth in the aC0011lpa11)'ing 

claims. 

Ot1a features and advantages of the present invention will become apparent as the 

foUowing Detailed Description proceeds, and upon reference to the Drawings~ wherein like 

numerals depict like parts, and wherein: 

Brief Description oftlie 1Jiawings: 

Figure 1 is a circuit diagram of a write head/cable circuit; 

Figiw 2 is an equivalent circuit of the write driver head and ~le of the prior art; 

Figw;e 3 is another equivalent circuit of the write driver head and cable of the plior art; 

Figure 4 is an equivalent circuit diagram of a write driver head and cable with~ transient 

response C1l!l'eJlt dampins citcuit according to the pJCSent invention; 

Figure S is a set of simulations for the equivalent circuits of Figures 2, 3. and 4. 

Debliled Description of tbe E~ Emhoditpents · 

Figure 4 is an equivalent circuit diagram 300 of a write driver bead.and cable with a 

transient response cumm damping circuit 12 according to the present invention. The ttansient 

response damping circuit 12 essentially comprises a capacitive load. CDo in series with a resistive · 

load, Ro. This load is placfid in parallel with the equivalent circuit 10 of the write head/cable as 

shown in the Figure. Ro is most preferabfy selected to minimize or eliminate the transient 

response overshoot of the write signal. V, during a transient response period. C0 decouples R0 
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during~ steady state (or data writing) period, thereby preventing an unnecessary loading of the 

write driver circuit IO during the data writing period. 

When ~ouroe voltage switches :from low to V,, current. Io. flows through the damph1g 

capacitor. Cri, charging the eapaoitor, and through dan1ping resistor, R0• thereby damping the 

overshoot as described above in reference to Figure 3. As apparent to 011e skilled in the art, the 

current tbrougb C0 is characterized by I.:• CD (dV ./dt). While V c across the damping capacitor is 

increasing. dV /dt > o. thereby allowing for current, le:, to flow through the capacitor, C0, and 

dam.ping resistor, R.i>. When V 0 reaches a steady state voltage defined by DC source voltage, V ,. 

dV/dtgoes too. Further. Ic~C0 (dV,/dt) = o, andnoaurrent tlows in the damping circuit 12 

removing the damping .,ffect; ofR0 from the circuit. Therefore, in steady state. the cirouit of Figure 

4 resembles the circuit ofFigure 2. 

Likewise, since the damping resistor Rri is removed after the transient period. the 

ma.Xi?XlUm DC drive cumm.t is delivered to the write head .to duri:Dg steady state. Also. whci1 

source voltage switches from V1 to low. V0 decreases. inc:t=sing dV Jdt and thereby .inm:easing 

cUirent. I.,, and damping the overshoot with damping resistor. RD. When V 0 reaches the DC low, 

the circuit retmns to steady state, opening damping circuit 11, and maximum cmrent drivs to the 

write head 10. Advantageously, during steady state response, damping oapaoitor. Co. aots as a 

voltage source, thereby supplyiQ.g additional write driving current proportional to R0 • 

Figure 5 represents a set of oircuit simulations for the cnouits of Figures 2 and St and 

Figure 4. The signals 20. 22 and 24 represent the-response. 01 od of the c~uits of Figures 2, 3 and 

4, respectively, of a data write sjgnal. The signals include a transient response period 26 and a 

steady state or data writing period 28. As indieated, where the load 10 operates at a constant DC 



curient at either polarity. it is in steady state. Signal 20 ·(Figure 2) depicts an underdainped 

response, havjng the largest overshoot 20a during the transient response period. Signal 22 (Figure 

3) depicts a dampened overshoo~ but a reduced write current durilig steady state. Signal 24 in the 

response of the circuit of the present invention (Figw-e 5) demonstrates that the over.shoot is 

substantially removed compared with signal 20. Also, the steady state value is approximately 

equal to the steady st.ate value of signal 201 i.e .• 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 capabiljties 

are achieved. Those skilled in the art will recoenize numerous modifications may be made to the 

present invention. For example. the capacitive load, Co. may be comprised of two or more 

capacitive elements in series or in parallel. Likewise. the resisti~ load, RD. may comprise one or 

more resistive elements and or ~ve elements. 

Further modifications may also be made. For example. although not shown in the 

drawjugs. the damping capacitor. Co, may be replacCd with a controllable switch, that is 

controlled to switch on (e.g. conducting) during the transient period and o_ff (e.g. not conducting) · I 

·during the steady state period. Also, it should be apparent that the damping circuit 12 of the . . 

present m"Vention may be replaced by a more complex passive network. or a network containing 
~ 

nonlinear components. These and other modifications are c1eem.ed within the spirit and soope of 

the ~ent invention only as limited by the following claims. 
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CLAIMS 

· 1. A write head current damping circuit. comprising: 

a write head cable coupled to write head, said write head and said cable receiving a write 

signal; 

a damping circuit comprising a damping element, said damping circuit adapted to couple 

said damping element to said write head during a transient period Qf 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 dam.ping circuit comprises at least one 

resistor and at least one capacitor in series. 

3. A circuit as claimed in claim 2, wherein said capacitor couples said resistor to said Write 

head during sai~ trailSient period and decouples said resistor during said steady state period. 

4. · A circuit as claimed in o1aim 1, further comprising a write driver circuit supplyjng said 

write signal to said cable and said write head. 

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

to said damping element 

6. A cirouit as claUned 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 dam.ping 

element from said write head during said steady state period. 

7. A c~t as claimed in olaim 1, wherein an equivalent circuit 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 m claim 1, wherein said write signal comprising alternating polarities 

of a DC signal and wherein the transition 'between said alternating polarities de.tining said 

trm1sient period 

9. A cirouit as claimed in claim 11 wherein said damping element decreases an overshoot 

value of said write signal ~uring said transient period. 

10. A circuit as. claimed in claim 1. wherein said steady state period defining a data writiilg 

period of said write signal. 

11. A write head current damping circuit, oomprising: 

a write head defining a reactive load; 
\ 

a write head cable coupled to said write head and defining an impedance load; 

a damping circuit coupled to said write ~d, and defining a damping load to a write 

signal during a transient responsepiriod of said write head and said cable, and further defining an . 

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

12. A method for damping the transient re~nse of a write head oomprismg the steps of: 

supplying a write signal to a write head; 

coupling a damping element to said write head during a txansient period 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 l~st one capacitor in series. 
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14. A circuit as claimed in claim 13, wherein said oapacitor couples said res~stor to said write 

head during said transient period and decouples said resistor during said steady state period. 

15. A circuit as claimed in claim 11, further comprising a write driver crirouit supplying said 

wdte sjgnal to sajd cable and said write head. 

16. A circuit as claimed in claim 11, wherem said damping load comprises a. switch coupled 

to said dampjng element 

17. A circuit as claimed in okim 16. wb,erein said switch being controlled to couple said 

dampjng load to said write head during said transient period and decouple said damping load 

fr01n said write head during 'aid st.eady state period. 

18. A circuit as claimed in olaim 11, wherein an equivalent circuit of said cable and said write 

head comprises en i11duc1ive load coupled to a reactive loads respectively. 

19. A cllcuit as olaimed in claim 11, wherem said write signal comprising altem'ating 

p0Jarities of a DC signal and wherein the txBnsition between said alternating polarities defining 

said tnmsient period. 

20. A circuit as claimed in claim 11. wherein said damping element substa11tially removing an 

overshoot value of said write signal· during said fransient period. 

21. · A circuit as claimed in cla~ I I, wherein said steady state period defining a data writing 

period of said write signal. 

10 

I 
. i 

I 
! 
i 


