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BY·PASS WIUTE DRIVERS Ii'OR 
HIGH-PERFORMANCE DATA RECORDiltJ?/ 

BACKGROUND OF THE INYENTION 

1. Field of the Invention 

The present invention relates to the field of magnetic data ri.;cording. 

More parcicularly, rhe presenr invention relates to an apparatus and a method for 

improving data recOI"ding performance of a magneric storage device at high dara rates. 

2. Description of the Related Art 

A write driver (WD) in a magnetic storage device is a circui[ chat bi-

directionally drives a wrire currenr chrough a write head for recording data on magneiic 

media, such as a magnetic disk. Figure I shows an exemplary disk driw system 10 

having a magnetic read/write head 11 that is positioned over a selec;ted crack on a 

magnetic disk 12 for recording data. 

One impediment for improving performance of magnetic dara recording 

at high dara rates, that is, the speed at which data is wria;en to a magnetic medium, is 

that the tlux reversal time for a transition is slowed by eddy current damping in the core 

of the yVrite head. 

Another impediment for improving performance of magnetic data 

recording are parasitic capacicances that are assoc1ar.ed with silicon devices of the write 
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driver, the inducra.nce and the parasitic capacitance of lhe write head and the losses due 

ro che interconnect between rhe write driver and the write head that cause the rise and 

fall times of the wrile-current transitions through the write head to increase, thus 

degrading the performance of rhe wrire driver. Figure 2 is a schemalic block diagram 

showing a parasitic capacitance C0 associated with a write driver WD, an inductance LH, 

a resistance RH and a parasitic capacirance CH associated with the write head, and an 

interconnect modelled as a transmissiou line by the dislributed nerwork consisting of rhe 

. ' inductances L1 and the capacitances C1 berwecn chc wrice driver WD and the wrice head. 

The rise and fall cimes of the write-current transitions are slowed because the write 

current Iw from the write driver muse pass through the network shown in Figu.re 2, which 

essentially forms a low-pass fil.tt=r. to reach rhe wricc head. 

The rise- and fall-time increase also degrades data-recording performance 

by causing nonlinear transition shift (NL TS) effecrs during write-current transitions and 

slowing the field transitions in the magnetic field ar £he pole tips of the write element.. 

A conventional wrire ~river is typically configured to have current­

swicching H drivers, such as FET drivers, differenrial amplifier drivers and current­

mirroring H drivers. Such a conventional configuration has a limited current output 

capability. Consequemly, a convenrional wrire driver has limited capability for 

compensating for the increase in flux reversal time caused by eddy current damping in 

the wrire head, rhe para.\\iric capacitance associated with the silicon devices of the write 
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driver 1 the write head impedance and the incercoru1ect losses between the write driver and 

rhe write head. 

What is needed is a technique chat compensates for eddy current 

dampening effects in the core of a write head, while also compensating for the parasiric 

capacitance associated with the silicon devices of the write driver, the wrice head 

impedance and the interconnect losses between rhe write driver and the wriLe head ro 

speed up the t1ux reversal time. 

SUMMARY OF THE INVENTION 

The present invention provides a rechnique that compensates for eddy 

current dampe1:1ing effects in rhe core of the write head by providing a write current that 

temporarily "overshoots" the steady-state write current to decrease che tlux reversal time 

in the write head. Additionally. the present 1nvention provides a technique that 

compensates for the parasitic capacitance associated with the silicon devices of the write 

driver, the write head impedance and rhe interconnect losses between the write driver and 

the write head~ 

The advantages of the present invention are provided by a magnetic-head 

write-driver circuit having a write-driver circuit and a by-pass circuit. The wrile-driver 

circuil has a signal pach between an input and an output of the magnetic-head write-driver 

circuit. The write-driver circuit receives an input signal having transitions and oucpucs 

a first write signal that is related to the input signal. The by-pass driver circuit is 
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coupled in paralJel ro the signal path of the write-driver circuit, and outputs an assist 

signal chat is related to transitions of the first write signal and that is coupled to the first 

write signal co form an outpuL write signal. According ro the invention, the assist signal 

acrs to shorten a current reversal time chrough the write head, by temporarily increasing 

an amplitude of the output write circuit, and/or to charge and discharge a parasitic 

capacitance associated with rhe output of the magnetic-head write-driver circuit by adding 

a current ro, or enforcing a volrage on, the first write signal to form Lhe output write 

signal. The added signal can correspond to a selected function f(t) that varies either [he 

amplitude of the assist signal or the duration of the assist signal, or both. 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention is illustrated by way of example and is not limited 

by the accompanying figures in which like reference numerals indicate similar elements 

and in which: 

Figure l shows an ex~plary disk drive system having a magnetic 

read/write head with which a by-pass write-driver circuit according to the present 

invenrion can be used; 

Figure 2 shows a schematic block dia~ram of impedances and parasicic 

cornponenlS associated with a wri£e driver, a write head and an interconnect between the 

write driver and the write head; 
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Figure 3 is a schematic block diagram of a circuit topology for a k-ch 

Stage Connection by-pass write-driver circuic according to the presem invention; 

Figure 4 is a schematic block diagram of a general drcuic topology for a 

k-th Stage Connection by-pass write-driver circuit according ro the present invention; 

Figure 5 is a more detailed schemacic block diagram of the topology for 

a k-ch Stage Connecrion by-pass write-driver circuit according to the present invention; 

Figure 6 is a schematic block diagram of a circuit topology for an Nrh 

- ' Delay Connection by-pass write-driver circuit according to the present invention; 

Figure 7 is a schematic block diagram of a circuit topology for a Voltage 

Ove~ide by-pass write-driver circuit according to the present invention; 

Figure 8 is a waveform diagram showing exemplary current waveforms 

associared with a current step addirion technique according to the present invention; 

Figure 9 is a waveform diagram showing exemplary waveforms associated 

with a current funccion addition technique according ro lhe present invenrion; 

Figure 10 is a waveform diagram showing exemplary waveforms 

associated with a variable amplitude addition technique according ro che present 

invention; and 

Figure 11 is a waveform diagram showing exemplary waveforms 

associated with a voltage override technique according to the present invcmion. 
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DETAILED DESCRIPTION 

The present invention provides a class of write-driver circuits, referred to 

herein as "by-pass write drivers" (BP WDs), thar use current or volrage addition 

techniques, thereby improving data recording performance ar high dara rares in magnetic 

storage systems, such as exemplary magnetic disk drive system 10 shown in Figure l. 

The by-pass write-driver circuit topologies of the present invention ourperform 

convenrional write-driver circuit topologies by reducing the flux reversal rime 1n the write 

.: head used for recording data by temporarily increasing the write cur rem afrer each wriLe 

current reversal, and by reducing Non-Linear Transitions Shift (NLTS) effects during the 

writing process. 

The presenr invenrion provides several copologies for BP WDs, such as a 

k-th Scage Connection topology (Figures 3-5), an Nth Delay Connecrion ropology (Figure 

6), and a Voltage Override topology (Figure 7). A k-th Stage connection BP WD, as 

used herein, means a by-pass circuit of the presem invention is connected be[ween the 

input of the k-th stage (k = 1, 2, ... , N) of a write-driver circui[ and me output of the 

write-driver circuit. For example, a 4th Stage Connection topology has a by-pass circuit 

connected between the input of the 4th stage and the output of the write driver circuit. 

Figure 3 shows a schematic block diagram of a general circuir topology 

for a k-th Stage Connection BP WD circuit 30 according to the presenr invention. By­

pass write-driver circuit 30 includes a by-pass circuit ·31 that is connected between che 

input and the ompuc of a write-driver circuit 32. The outpuc of BP WD circuit 30 is 
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connected through an inrerconnecr 33 to a wrice head 34. According to the invention, 

write-driver circuit 32 can be a conventional single-pach write-driver circuit. By-pass 

circuit 31 provides a parallel path to the path through write-driver circuit 32 that assists 

with write-current transitions. Write equalization parameters a and LlT are input to by­

pass circuit 31 for optimizing BP WD 30 for a panicular interconnect 33 and/ or write 

head 34. Equalization parameters o: and LlT respectively control tht: inirial amplitude and 

duration of the current or voltage generated by by-pass circuit 31. 

Figure 4 is a schematic block diagram of a general circuit topology for a 

2nd Stage Connection BP WD circuit 40 according to the present invention. BP WD 

circuit 40 typically includes a write-driver circuit 42 having multiple stages SI through 

SN. According to the invention, a by-pass circuit can be connected be[wcen the inpu[ of 

any inrermediate stage S1c and the ourpur of the wrire-drlver circuit. The archirecrure of 

WD circuit (circuit 42) determines the optimal location for connecting a BP circuit. Tn 

the exemplary circuit of Figure 4, BP WD circuit 40 includes a by-pass circuit 41 

connected to write-driver circuit 42 ac che input to the second stage S2 and ro Che output 

of write-driver circuit 42 at the Nth stage SN. 

Figure 5 is a schematic block diagram of another circuit topology for an 

k-th Stage Connection BP WD circuit 50 according to the present invention. BP WD 

circuit .50 includes a by-pass circui[ 51 coIUlected between rhe input and parr of the 

output of a write-driver circuit 52. For che configuration of Figure 5, by-pass circuit 51 

includes comparators Cl and C2, positive trigger single-shot circuits Sl and S2, a 
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summing block 53, and a current source 54 formed by a diode DI. a transistor QS and 

a current source alw· Iw defined lO be the base-to-peak amplitude of rhe write current. 

Compararnr Cl deteccs posicive-going transitions in rhe input signal, while 

comparator C2 detects negative-going transitions. When a transition is detected, single-

shot circuit S l or S2 generates a pulse signal rhat is applit:d Lo current source 54 through 

summing block 53. The pulse signal applied to current source 54 causes cur rem source 

54 to generate a discrete currenr increase iu the wrire current output that assists in 

charging and discharge the parasitic capacitance associaced witll the silicon devices of the 

write-driver circuit, the wrire head impedance and che interconnect losses becween the 

write driver and the wrice head. 

The characterisrics of the current change depend on rhe specific output of 

the single-shot circuits Sl and S2. That is, single-shot circuits Sl and S2 may have a 

simple square voltage pulse waveform or a complex voltage pulse waveform Char 

generates a desired current waveform ar the oucput of BP WD circuit 50. When a 

complex voltage pulse waveform is de_sired, single-shot circuits Sl and S2 each output 

a waveform corresponding to the desired circuit function (CF). 

Figure 6 is a schematic block diagram of a circuit topology for an Nth 

Delay Connection BP WD circuir 60 according to the present invention. BP WD circuit 

60 includes a by~pass circuit 61 connected between a delayed write signal path 63 and 

pare of the output of a wrire-driver circuit ·62. By-pass circuit 61 includes difference 

circuits 64 that derecr a time period between tr~nsitions of the input signal. such as by 
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using triggered single-shot cjrcuits having varying pulse widths in a well-known maililer. 

An amplitude control circuit 65 is coupled to. the ourpur of difference circuics 64 and 

control.s the amplitude of an assist current lw based on che durati?n of time becween the 

write data transitions. By-pass write-driver circuic 60 differs from BP WD circuil SO, 

which generates discrete wrice-current changes, by providing continuous write-currenr 

changes at the output of write-driver circuit 60. The amplirude of the wrice current is 

modified using a delayed write signal, based on the write data frequency, that is, the 

spacing of the write-current cransitions. Typically, the amplitude of the wrfre current is 

increased as the write data frequency increases. The continuously-controlled current 

output from BP WD circuit 60 is optimized to the write-current transition frequency, 

thereby compensating for the eddy current dampening in the core of the write head and 

compensating for the parasitic capacitance appearing at the WD output. 

Figure 7 is a schematic block diagram of a circuit topology for a Volragc 

Override BP-WD circuit 70 according to the presem invention. BP WD circuit 70 

includes a by-pass circuit 71 connecred becween the k-th srage and a switching circuit 73 

at the output of a write-driver circuit 72. Switching circuit 73 includes switches SW A.I• 

SW "2• SW81 and SW02 , which can be formed in a well-known manner using bipolar 

transistors or field effect transistors. Control signals S and S' rurn on an appropriate pair 

of switches SWA.1-SWJ\2 and SW81-SWs2 ro connect the write lines to ±Vs for generaring 

a voltage pulse at the output of BP WD circuit 70 that assists in compensating for the 

eddy current dampening in the core of the write head and in charging and discharging 
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the parasitic capacitance appearing ac the output of BP WD circuit 70. Control signals 

S and S' are both off when there is no write-current transition present. 

Even though conventional write-driver circuits are typically current 

drivers, such as write-driver circuits 32, 42, 52, 62 and 72 shown in Figures 3-7, 

respectively, such a convention.al write-driver circuit can use eith~r a current and/or 

voltage signal co drive the inrerconnccr and write head. Accordingly, the presem 

invemion provides differem BP WD circuit topologies suirable for adding current or 

voltage for compensating for parasiric capacitance. 

A current step addition technique requires a by-pass circuit to create 

curre~t steps during write-current Lransirions chat are superimposed on the write-driver 

circuit ourpur current Iw producing an additional current step at each write-current 

traosir.ion. The duration and amplitude of the current step is sec by rhe wrice equalizarion 

parameters AT and a, respectively. The k-th Srage or the Nch Delay Connection BP WD 

ropologies shown in Figures 3-6 are the most appropriate circuit topologies for a current 

injection technique. Figure 8 is a waveform diagram showing exemplary current 

waveforms 81.-83 char arc associated with a current step addition technique according co 

the presenr invention. Waveform 81 corresponds to the output current waveform of a 

conventional write-driver circuit (circui[ 32. 42 and 52) as a function of time. The 

amplirude of wavefonp. 81 has a maximum absolute value of Tw and a rise time of 1. 

Waveform 82 corresponds co a currenr waveform output from a by-pass circuit (circuit 

31, 41 and 51) having a maximum absolute amplitude of cxiw and a duration of AT value. 
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It should be noted chat the relative timing of waveform 82 wich respecc to that of 

waveform 81 indicated in Figure 8 is arbitrarily chosen as an example only. The pulses 

in waveform 82 may be made to coincide with the slopes (i.e., che reversal) of the write 

waveform 81. Waveform 83 is the superposition of wavefonns 81 and 82. For rhe Nch 

Delay connection BP WD topology of Figure 6, the a scaling faccor is a function of the 

write-current t~ansition rate. Also, as explained above, che write-currenr signal can be 

delayed so that a currenr funcrion f(t) can be established at a desired time, such as the 

·· ;start of a wire-currenr cransicion. 

Current function injeccion techniques, according to the invention, require 

a by-pass circuit to create a currenr function during write-current transitions. A scaling 

factor is used for determining rhe initial amplirude of the pulse output by the by-pass 

circuit:, while the current function f(r) is selecred based on the desirable waveform of the 

wrice current providing the write head opcimu:m magnecic performance. 

Figure 9 is a waveform diagram s~.owing exemplary wavefonns 91-93 

associaced with a current function f(t) injection· technique according to the present 

invention. Waveform 91 corresponds to the output current waveform of a write-driver 

circuic (circuit 52) as a function of time. The amplitude of waveform 91 has an absoluce 

value of Iw and a rise time of r. Waveform 92 corresponds to a current waveform output 

from a by-pass circuic (circuic 51) having a maximum absolute amplitude of alw. a ramp 

function waveform and a duration of AT value for compensacing for che wrice-currenc rise 

and fall times T output by the wrire-dr;ver circuic. Here, switch SWl would have a 
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continuous function instead of a discrete function. The control voltage for SW! would 

then fonn the desired fUnction f(t) shown in Figure 9. Waveform 93 is the superposition 

of waveforms 91 and 92. This exemplary compensation crea~es a desired square write 

current waveform 93. Additionally, the wrice-current signal output by the by-pass circuit 

can be delayed so that the current function f(t) can be placed a[ a desired time, such as 

at rhe start of a write currein transition. The k-th Stage Com1ection BP WD topologies 

of Figures 3-5 are the most appropriate circuit topologies for a current function injecrion 

technique. 

Figure 10 is a waveform diagram showing exemplary waveforms 101-103 

-associated wich a variable arnplimde injeclipn technique according co the present 

invention. The Neb Delay Connection BP WD topology of Figure 6 is Lhe most 

appropriare for a variable amplirude injecrion technique. Waveform 101 corresponds co 

the output current waveform of a write-driver circuit (circuit 62) as a funcrion of time. 

The amplitude of waveform 101 has an absolute value of lwo· Waveform 102 

corresponds to a currem waveform output from a by-pass circuit (circuit 61) having a 

variable absolute amplirude of F(T)Iw". where T is a [ime (period) between successive 

transitions and F(T) is che functional dependence of rhe by-pass current F(T)lwo on T. 

Waveform 103 is the superposition of waveforms 101 and 102. The variable amplitude 

injection technique of the presenr invention modulates the amplirude of the write-current 

with rhe write current transilion frequency (period of T). This particular technique 

maintains the write-current arnplirude after a rransition, as opposed to the two previous 
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injection cechniques. Further, the amplitude varies only at the time of the next transition. 

Consequently-, chere is a continuous change in che write-current amplitude as a funccion 

of the write-current transition frequency, as shown in Figure 10. 

For low frequency wrire~current transicions, the write current lw is 

generaced by only the write-driver circuit. For higher rransition frequencies, the write 

current is generated by the write-driver circuit and the by-pass circuit, in which case the 

write currenc has an insrantaneous amplirude given by: 

lw = F(T) X Iwo + Iwo. 

where F(T) depends on the interval rime T, and lwo is the amoum of current generated 

. 
by rhe WD circuit. For example, when 

Ts ;i: T0 , F(T) = 0, 

and when 

where T 0 is a selecced cransition time period, Ts is the time between subsequent write-

current: rransitions, and a. is a scaling constant. 

A voltage override cechnique of the present invention requires the by-pass 

write driver circuit to create vol cage steps (V w) on the output of the WD circuit at each 

write-current transition for charging the parasitic capacitance C0 much faster rhan the 

WD cire>uit 72 can. The duration and amplitude of the voltage step is set by the write 

equalization parameters .6.T and CJ.Vw. respectively. The Voltage Override BP WD 

circuir topology of Figure 7 is the most appropriate topology to use for a voltage step 
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addition technique. Figure 11 is a waveform diagram showing exemplary waveforms 

111-113 associated with a voltage step addition technique according Lo Lh.e present 

invention. Waveform 111 corresponds to the output current waveform of a write-driver 

circuit (circuit 72) as a function of time. Waveform 111 has a maximum absolute 

amplitude of lw and rise time of 1'. Waveform 112 corresponds to a voltage waveform 

output from a by-pass circuit (circuit 71) having a maximum absolute amplitude of a.Yw 

and a duration of .6.T value. Wavefo1:m 113 is the resulting current waveform showing 

che effecc of parallelling voltage wavefom1 112 to the output of write-driver circuit 72 

by connecting the write lines to ± V5 . The a.V w amplitude in.dicated in Figure 11 can 

. 
be conveniently maximized to V5 by the switching circu]t 73. 

While the present invention has been described in connecrion with che 

illustrated embodiments, ir will be appreciated and understood rhar modificalions may be 

made without departing from the true spirit and scope of che invention. 
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THE CLAIMS 

What is claimed is: 

1. A magnetic-head wrir~-driver circuit, comprising: 

a write-driver circuir receiving an input signal and ourpurring a firsr wrice 

signal related to the input signal, the first write signal having rransirions, the write-driver 

circuit having a signal pa[h bccween an input and an ompur of the ma:gneric-head write-

driver circuit; and 

a by-pass driver circuit coupled in parallel to the signal path of the write-

driver circuit, the by-pass driver circuit outputting an assisc signal that is coupled to the 

. 
first wrice signal to form an output write signal. che assist signal being related to 

transicions of the first write signal. 

2. The magnetic-head write-driver circuit according to claim 1, wherein the 

assist signal aces to shorten a current reversal time of cransicions in the output write 

signal. 

3. The magnetic-head write-driver circuit according to claim 2. wherein the 

assist signal adds a current to the first write signal to form the output write signal. 

4. The magnetic-head write-driver circuit according to claim 2, wherein the 

assist signal adds a voltage to the first write signal to form the output write signal. 

111111111111111111111111111111 
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5. The magnetic-head write-driver circuit according to claim 1, wherein tht! 

assist signal acts to temporarily increase an amplirude of the output write signal. 

6. The magneric-head write-driver circuit according to claim 5, wherein the 

assist signal adds a current to the first wrire signal to form the output write signal. 

7. The magnetic-head write-driver circuit according to claim 5, wherein rhe 

assist signal adds a voltage to the first write signal rn fom1 the ouLput write signal. 

8. The magnetic-head write-driver circuit according to claim 1, wherein the 

assist signal charges and discharges a parasitic capacilance associated with an om:put of 

the magnetic-head write-driver circuit. 

9. The magnetic-head write-driver circuit according to claim 8, wherein the 

assist signal adds a current to the first write signal to fonn rhe output write signal. 

10. The magnetic-head write-driver circuit accortling to claim 8, wherein the 

assist signal adds a voltage ro the first write signal to form the output write signal. 

11. The magneric-head wrire-driver circuit according to claim 1, wherein the 

assist signal adds a currem lo the first write signal co fonn the output write signal. 

I IJllll////l/l lllll lllll 11111/ 
C L M S * 



.. 

17 

12. The magnetic-head write-driver circuit according to claim 11, wherein che 

added current signal corresponds to a selected function f(t). 

13. The magnetic-head wrire-driver circuit according to claim 12. wherein r.he 

selected function f(t) varies.one of an amplitude of the assist signal and a duration of the 

assist signal. 

14. The magnetic-head wrire-driver circuit according co claim 11, wherein the 

write-driver circuit includes a plurality of stages, and 

wherein the by-pass driver circuit is coupled in parallel to the signal path 

of the write-driver circuit be.tween an input to a selected stage of rhe write-driver circuit 

and at least part of the output of cite write-driver circuir. 

15. The magnetic-head write-driver circuit according to claim 11, wherein the 

write-driver circuit includes a delay circuit detecting a transition frequency of the input 

signal. and 

wherein the by-pass driver circuit includes an amplitude control circuit 

coupled to the delay circuit, the assisc signal outputting a current signal having an 

amplirude related to the transition frequency of che input signal. 

I lllllll llllll lllll lllll II llll 
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16. The magnetic-head write-driver circuit according to claim 1, wherein the 

assist signal adds a voltage to the first write signal co form che ourpur write signal. 

17. The magnecic-head write-driver circuit according ro claim 16, wherein the 

by-pass driver circuic includes a swicching circuit coupled co che output of the write-

driver circuit, the switching circuir coupling a reference volcage to che first write signal 

co form rhe output write signal. 

18. A method of generating a write signal for a magnecic wrire head, the 

. 
method comprising rhe steps of: 

receiving an input signal having cransitions; 

oucpurcing a first wr.ice signal relaced to the input signal; 

generating an assist signal in parallel to a signal path between the input 

signal and the first write signal, the assist signal being relared co transitions of che write 

signal; and 

forming an output write signal hy combining the assist signal on the first 

write signal. 

19. The method according lO claim 18, wherein the assist signal acts co shonen 

a current: reversal time of transitions in the output write signal. 

I I/If If Ill/~ I/~/ 11/f /I/ fl/I 
* 
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20. The method according co claim 19, wherein rhe assist signal is a c.:urrenl 

signal, and 

wherein·the step of f0,.ming the outpuc write signal adds che current signal 

into the first write signal to form the oucpm write signal. 

21. The method according co claim 18, wherein the assist signal acrs to · 

temporarily increase an arnplirude of the ourpur wri[e circuit. 

22. The method according co claim 21, wherein the assist signal is a current 

-
signal. and 

wherein the step of forming the output wrii:e signal adds the currem signal 

into the first write signal to fonn rhe output write signal. 

23. The method according to claim 18, wherein che assist signal charges and 

discharges a parasitic capacitance associated with the output write signal. 

24. The method according to claim 18, wherein the assist signal is a current 

signal, and 

wherein the step of forming the output write signal adds the current sign.al 

into the first write signal ro form the output write signal. 

I If lllll l/llll lllll lllll II llll 
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25. The method according to claim 18, wherein che assist signal is a current 

signal, and 

wherein the step of fanning che output write signal adds che current signal 

into the first write signal to form che oucpur write signal. 

26. The method according ro claim 25, wherein the step of generating the 

assist signal generates the current signal corresponding co a selected function F(r). 

27. The method according to claim 26, wherein the selected function varies 

one of an amplimde of rhe assisr signal and a durar.ion of the assist signal. 

28. The method according to claim 25, wherein che step of generating the 

assist signal generates the assist signal in parallel to at least a portion of che signal path 

between the input signal and che firsl write signal. 

29. The method according ro claim 25, wherein rhe srep of generating the 

assist signal includes che seeps of: 

detecting a transition frequency of the input signal, and 

generating the current signal having an amplirude :elated to the transition 

frequency of the input signal. 

111111111111111111111111111111 
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30. The method according to claim 18, wherein the assist signal is a voltage 

· signal, and 

wherein the step of forming the output write signal adds the voltage signal 

to the first write signal to form the output write signal. 

31. The method according co claim 30, wherein the srep of forming the outpm 

wrice signal couples a reference voltage to the first write signal to form the output write 

signal. 

32. A disk drive syscem having a magnetic-head write-driver circuit, the 

magnetic-head write-driver circuir comprising: 

a write-driver circuit receiving an inpur signal and outputting a first write 

signal related [O che inpur signal, the first write signal having transitions, che write-driver 

circuit having a signal path between an input and an output of the magne[ic-head write-

driver circuit; and 

a by-pass driver circuit coupled in parallel to the signal path of the write-

driver circuit, che by-pass driver circuit outputting an assist signal that is coupled rn the 

first wrice signal Lo form an output wrire signal, !:he assist signal being related to 

cransicions of tbe first write signal. 

11111111111111 1111111111111111 
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33. The disk drive system according to claim 32, wherein the assist sjgnal acts 

to shorten a current reversal time of transitions in the ourput write signal. 

34. The disk drive system according to claim 33, wherein the assist signal adds 

a current to the first write signal ro form the output wrice signal. 

35. The disk drive sys£em according lO claim 33, wherein the assist signal adds 

a voltage to the first write signal to form the ourpm write signal. 

36. The disk drive system according to claim 32, wherein the assist signal acts 

ro temporarily jncrease an amplitude of the output write signal. 

37. The disk drive system according to claim 36, wherein the assist signal adds 

a current to the first write signal to form the output write signal. 

38. The disk drive system according to daim 36, wherein the assist signal adds 

a voltage co me first write signal to form the output write signal. 

39. The disk drive system according to claim 32, wherein the assist signal 

charges and discharges a parasitic capacitance associated with an ourpur of che magnetic-

head wrire-driver circuit. 

11111111111111 11111 1111111 1111 
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40: The disk drive system according to claim 39, wherein the assist signal adds 

a current to the firsr wrire signal to form che output write signal. 

41. The disk drive system according ro claim 39, wherein the assist signal adds 

a voltage to the first write signal to foim che outpm write signal. 

42. The disk. drive sysrem according to claim 32. wherein the assist signal adds 

, a currem to the first write signal to form the output write signal. 

43. The disk drive system according to claim 42, wherein che added current 

signal corresponds co a selected function f(t). 

44. The disk drive sysrem according to claim 43, wherein the selected function 

f(c) varies one of an amplitude of rhe assist signal and a duration of the assist signal. 

45. The disk drive syscern according to claim 32, wherein the write-driver 

circuit includes a plurality of stages, and 

wherein the by-pass driver circuit is coupled in parallel ro che signal path 

of the write-driver circuit between an inpm to a selected stage of the write-driver circuit 

and a[ lease pan of the oucpuc of [he write-driver circuit. 
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46. The disk drive system according to claim 32, wherein the write-driver 

circuit includes a delay circuic detecting a transition frequency of the input signal, and 

wherein the by-pass driver circuit includes an amplitude conrroJ circuit 

coupled co the delay circuit. the assist signal outputting a current signal having an 

amplitude related Lo che transition frequency of che inpuc signal. 

47. The disk drive system according to claim 32, wherein the assist signal adds 

a voltage ro the first write signal co form che output write signal. 

48. The disk drive syscern according to claim 47, wherein the by-pass driver 

circuit includes a switching circuit coupled to the oucpuc of rhe write-driver circuit, the 

switching circuit coupling a reference voltage to che firsc write signal to form the output 

write signal, 
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