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The preseht invention relates to a write circuit for a disc drive. Morz pardcularly, the
ﬁresent invention relates to a headroom assistance circuit for an H-switch in a write circuit.

A magnetic disc, for use in a computer disc drive, is a flat circular platter with a
magnetic surface on which data can be stored by selective polarization of portions of the
magnetic surface. The presence or absence of polarity transitions between the polarized
portions represents particular binary values. The magnetic surface of the disc may be
magnetizéd permanently with north/south or south/north 6riemation by applying a magnetic
field near the disc.

In a disc drive, the magnetic field for magnetizing the disc is created by a miniature
horseshoe magnet which is suspended above the magnetically coated disc. The horseshoe
magnet consists of a magnetic material surrounded by.a conductive coil. The magnetic field
is created by passing a current through the coil. The direction of the magnetic field is
determined by the direction of the current through the coil. Thus, by changing the direction
of the current through the coil, the host sys;iém can change the orientation of the magnetic
field stored on the disc.

The density of the data stored on the disc is affected by how quickly the host system
can change the direction of the current through the coil. Since the coil is basically an

inductor, the rate of change of the current is approximated by the following equadon:
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The present invention relates to a wite circuit for a disc drive. Mre
particularly, the present invention relates to a headroom assi stance
~circuit for an Hswitch in a wite circuit. A magnetic disc, for
use in a conputer disc drive, is a flat circular platter with a magnetic
surface on which data can be stored by selgctive polarization of portions
of the magnetic surface. The presence or absence of polarity transitions
bet ween t hayp&eay i ' .egent ' IR VAV
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In a disc drive, the magnetic field for gnetizing t disc 1s create
a m ni at ur ef change of current through the coil is dependent on the voltage across the coil.

The current through the coil and the voltage across the coil are typically controlled
by an H-switch connected to the magnetic write head. The H-switch consists of four
transistors and various bias resistors. The transistors and resistors are balanced around the
magnetic write head such that one transistor's emitter and another's collector are connected
on each side of the magnetic write head. Depending upon the voltage applied to the H-
switch, current flows from the emitter of one transistor through the magnetic write head and
into the collector of another transistor on the opposite Side of the magnetic write head.
When the voltage applied-to the H-switch is reverse&, the current flows through a different
pair of transistors in the opposite direction through the magnetic write head. The amount of
voltage which can be placed across the magnetic write head is determined by the voltage
supply available to the H-switch.

Present desktop computers provide a 5 volt suﬁply which is sufficient to maintain a

~ quick rate of change for the write head current. However; portable computers require write
circuits which use lower vblrages. When lower voltage supplies are used with present H-
switch technology, the time needed for current changes (rise time) is greater, which
degrades overwrite performance at higher data rates. Thus, the performance of computers is
_restricted by current H-switch technology. E

Accordingly, the present invention is directed to a write circuit for a maghetic disc
drive. The write circuit writes data to a magnetic disc based on a write signal received from
the host system. The write circuit contains a magnetic recording write head, an H-switch,
and a headroom assistance circuit. The headroom assistance circuit assists the H—sv&itch in
switching the current polarity through the magnetic recording write head. The headroom

assistance circuit includes a voltage divider, a capacitor, and a charging circuit. The
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hor seshoe magnet which is suspended above the magnetically coated disc. The
hor seshoe magnet consists of a magnetic material surrounded by a conductive
coil. The magnetic field is created by passing a current through the coil.
The direction of the nmagnetic field is determned by the direction of the
current through the coil. Thus, by changing the direction of the current

t hrough the coil, the host system can chaﬁge the orientation of the

magnetic fjeld stored on the disc. The .density of . the_,data stored
o the di s Chitging GiGudably HanEss e KPiaBeinD FRP-IEgIhe FIBEHOT - SifGe e iotiase
direction of the current through the coil. Since the coil is. basically an
nduct or , BHEST TeEpAcTE shefeh owle s Srusss Bvalpge on ipenraSitg S o tne”

fol I owi ng %%%Etbxo t be changed likewise. The voltage change on the opposite side of the capacitor

is used by the H-switch to cause a greater voltage to appear across the recording write head
during write current transitions.
Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:
FIG. 1 is a block diagram of a write system of a disc drive;

FIG. 2 is a more detailed block diagram of a write circuit used in the system of FIG.

FIG. 3 is a circuit diagram of a write circuit used in the system of FIG. 1; and
FIG. 4 is also a circuit diagram of a write circuit used in the system of FIG. 1.
1 .. Overview -

FIG. 1 is a block diagram of a write system used in a disc.drive. Write system 18
contains host 20, controller 22, encoder 24, write precomp circuit 26, write circuit 28, and
magnetic disc 30. Host 20 is coupled to controller 22 and provides clock signal 42 and
write data 44. Write data 44 is the binary data to be written to magnetic disc 30.

Controller 22 is coupled to host 20 and encoder 24. Controller 22 receives write
data 44 and clock 42 from host 20 and outputs controller data 46 and clock 45 to encoder
24. Controller 22 performs all functions necessary to receive dﬁta from host 20.

Encoder 24 is coupled to controller 22 and write precomp circuit 26. Encoder 24
receives controller data 46 and clock 45 from controller 22 and outputs encoded data 50 and

| clock 49 to write precomp circuit 26.

Write precomp circuit 26 is coupled to-encoder 24 and write circuit 28. Write
precomp circuit 26 receives encoded data 50 and clock signal 49 from encoder 24 and
outputs precompensated data 54 to write circuit 28. Write precomp circuit 26 shifts pulses in
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encoded data 50 to compensate for peak shifting caused by pulse crowding or other pattern
dependent transition shifting.

Write circuit 28 is coupled to write precomp circuit 26 and is proximate magnetic
disc 30. Write circuit 28 receives precompensated data 54 from write precomp circuit 26
and outputs magnetic field 58. Magnetic field 58 writes magnetic transitions on disc 30
which are indicative of the data to be stored on disc 30. Write circuit 28 changes the
polarity of magnetic field 58 for each positive going edge in precompensated data 54.

Magnetic disc 30 is proximate write circuit 28. A small portion of magnetic disc 30
resides within magnetic field 58 and is magnetized to the orientation of magnetic field 58.

Magnetic disc 30 rotates relative to write circuit 28. This causes different portions of

magnetic disc 30 to be in the proximity of write circuit 28 at different times. Changes in the

orientation of magnetic field 58 causes different portions of magnetic disc 30 to have
different magnetic orientations. These transitions in magnetic orientation on magnetic disc
30 represent data written to the disc.
2. Write Circuit 28

FIG. 2 is a more detailed block diagram of write circuit 28 of FIG. 1. Wﬁte circuit
28 comprises delay 72, flip-flop 74, H-switch controller 76, H-switch 78, write head 80,
one-shot 84, charging switch 86, large capacitor 88, and diode 90.

Delay 72 is coupled to write precomp circuit 26 of FIG. 1, one-shot 84 and flip-flop
74. Delay 72 receives precompensafed data 54 and outputs delayed data signal 100 to flip-
flop 74. Delay 72 delays the positive edges of precompensated data 54 to properly time the
switching of large capacitor 88 with the switching of the H-switch 78. This will be
explained in greater detail later in the specification.

Flip-flop 74 is coupled to delay 72 and H-switch controller 76. Flip-flop 74 receives
delayed data 100 from delay 72 and outputs flip-flop output 102 to H-switch controller 76.
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2 Wiere Vis the voltage across the coil, L is the inductance of the coil,
and di/dt is the rate of change of current through the coil wth respect to
time. Thus, it can be seen that the rate of change of current through the
coil is dependent on the voltage across the coil. The current
through the coil and the voltage across tfe coil are typically controlled
by an HHswitch connected to the magnetic wite head. The H-switch consists
of four trEigflepdsreates fliprilapusutpitalO2rbysfosmingsa dighal sigrah wiithtaotransition for each
resistors are bal anced around the magnetic wite head such that one

t ransi st orpasitive goizg tramsitiomintdelayed datalsignat #00.ar e connected on each side of
the magnetic wite head. Depending upon the voltage applied to the H

H-switch controller 76 is coupled to flip-flop 74, H-switch 78, and common
reference 83. H-switch controller 76 receives flip-flop output 102 from flip-flop 74 and
provides differential input voltage signal 104 to H-switch 78. H-switch controller 76
produces differential input voltage signal 104 by dividing the voltage of flip-flop output 102.
Also, the common mode voltage of differential input voltage signal 104 is affected by
common reference 83. This allows common reference 83 to control the biasing of H-switch |
78.

H-switch 78 is connected to H-switch controller 76, write head 80, and common
reference 83. H-switch 78 receives differential input voltage signal 104 from H-switch
controller 76 and provides write head voltage 108 and write head current 106 to write head
80. H-switch 78 produces write head voltage 108 and write head current 106 based on
differential input voltage signal 104. The polarity of the differential input voltage signal 104
determines the polarity of write head voltage 108 and the direction of write head current
106.

Write head 80 is connected to H-switch 78 and is proximate magnetic disc 30 of
FIG. 1. Write head 80 receives write head voltage 108 and write head current 106 from H-
switch 78 and produces magnetic field 58. Magnetic field 58 is proportional to write head
current 106. Magnetic field 58 is used to magnetize portions of magnetic disc 30 of FIG. 1.

One-shot 84 is connected to write precomp circuit 26 of FIG. 1, delay 72, and
charging switch 86. One-shot 84 receives precompensated data 54 from write precomp
circuit 26 and provides one-shot signal 110 to charging switch 86. One-shot signal 110
contains one pulse for each positive going transition in precompensated data 54.

Charging switch 86 is connected to one-shot 84 and large capacitor 88. Charging

switch 86 receives one-shot signal 110 from one-shot 84 and provides capacitor voltage
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switch, current flows fromthe emtter of one transistor through the
magnetic wite head and into the collector of another transistor on the
opposite side of the nmagnetic wite head. Wien the voltage applied to the
Hswitch is reversed, the current flows through a different pair of
transistors in the opposite direction thrgygh the magnetic wite head. The
anount of voltage which can be placed across the nagnetic wite head is

d I ned | ' | i .
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needed for current” changes (rise tine) Is gréater, whic egrades overwite
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restricted by ‘current Hswtch technol ogy.
voltage across diode 90. When capacitor voltage 112 changes from the supply voltage to
ground, common reference 83 is driven substantially below ground, until current flowing
from H-switch 78 to common reference 83 has accumulated significant charge in large
capécitor 88. Ideally, the voltage at common reference 83 is pulled down, below its
nominal potential, by an amount equal to the power supply voltage. However, the resistance
of the charging switch 86 and the large capacitor 88 will typically reduce the actual voltage
change measured at common reference &3.

Diode 90 is connected to common reference 83 and ground. Diode 90 blocks the
flow of current from ground into common reference 83. This assures that when capacitor
voltage 112 changes from the supply voltage to ground, the current drawn to large capacitor
88 does not come from ground, but rather from the H-switch controller 76 and the H-switch
78. _

As shown by this description, the present invention uses one-shot 84, delay 72,
charging switch 86, large capacitor 88, diode 50, and H-switch controller 76 to develop a
larger voltage drop across the magnetic write head at transition. This voltage drop is created
when the buffered one-shot, one-shot 84 together with charging switch 86, drives the
capacitor voltage on capacitor 88 from the supply voltage to ground and thereby drives the
common reference 83 below ground. The use of the large capacitor 88 to give a momentary
increase in voltage across the magnetic write head 80 allows loWer voltage power supplies to
be used in disc drives while maintaining the switching time of the write current in the

magnetic write head.
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A conventional Hbridge configuration is disclosed in e.g. IBMTDB, April
1981, Vol. 24, Nr. 11, on pages 5167-5168, PATENT ABSTRACTS OF JAPAN vol .
12, no. 173 (P-706)(3020) 24 May 1988, PATENT ABSTRACTS OF JAPAN vol . 13,
no. 73 (P-830) 20 February 1989 or PATENT ABSTRACTS OF JAPAN vol. 15, no.
466 (P-1280) 26 Novenber 1991. A wite circuit according to the

I nvention is contained in claima1. 7Accordingly, the present
invention is directed to a wite circuit for a magnetic disc drive. The
wite circuit wites data to a n3gnEHtCCHCEE20da@etfiN a wite signal
received fromthe host system The wite circuit contains a nmagnetic
recordi ng wite FIGQ, isamadlesdatailedh cirewicldiaghem df oeie eisaiis2Sincthe siystemiof FIGhel

headr oom assi stance circuit assists the Hswitch in switching the current
pol arity tland@ghEkmentsshowhiin FIGC S thdit are similae tdthese siblwa incEldy. @oareassi st ance
circuit includes a voltage d|V|der a capacitor, and a charging circuit.
The correspondingly numbered.
tion Of Delay 72 And Fli 74
Flip-flop 74 is a D flip-flop and has data input D, output Q, inverse output , and
clock input CK. Data input D is connected to inverse output Q and clock input CK is

connected to the output of delay 72. Clock input CK receives delayed data signal 100 from
delay 72. Inverse output -Q_ is connected to data input D and H-switch controller 76.
Output Q is connected to H-switch controller 76.

Delay 72 delays the precompensated data 54 to flip-flop 74. D flip-flop 74 uses the
delayed data signal 100 as its clock signal. A positive going transition in the clock signal

will cause the output Q to switch to the value at data input D. The two possible values for
output Q and inverse output 6 are a logical high voltage, V, and a logical low voltage,

nearly zero. In addition, output Q and inverse output Q are never the same value. Since

data input D is connected to the inverse output Q, the value at data input D just before

transition will always be the opposite of output Q. Thus, each time the clock input CK |
receives a positive going pulse, output Q switches to it complimentary value. Therefore,
every transition in output Q represents a positive going pulse in precompensated data 54.
b. H-switch controller 76, H-switch 78, and
Write head 80 In Detail
H-switch controller 76 includes resistors R1 and R2, diodes D1 and D2, and resistors

R3 and R4. H-switch 78 includes resistors RS, R6, R7, R8 and transistors Q1, Q2, Q3,

Q4, Q5, and Q6.

Resistor R1 of H-switch controller 76 has a first side and a second side. The first
side is connected to inverse output —(5 of flip flop 74. The second side is connected to the
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circuit rapidly changes the voltage on one side of the capacitor. Since the

vol t age across the capacitor changes slowy, this causes the voltage on

t he opposite side of the ’
anode of diode D2 and the bases of transistors Q2 and Q4 of H-switch 78. Resistor R2 has a
first side and a second side. The first side is connected to output Q of flip flop 74. The
second side is connected to the anode of diode D1, and the bases of transistors Q1 and Q3 of
H-switch 78. Diode D1 has an anode and a cathode. The anode is connected to resistor R2
and the bases of transistors Q1 and Q3. The cathode is connected to resistor R4. Diode D2
has an anode and a cathode. The anode is connected to resistor R1 and the bases of
transistors Q2 and Q4. The cathode of diode D2 is connected to resistor R3. Resistor R4
has a first side and a second. The first side is connected to the cathode of diode D1. The
second side is connected to common reference 83. Resistor R3 has a first and a second side.
The first side is connected to the cathode of diode D2. The second side is connected to
common reference 83.

Resistors R1 and R2 have identical resistances. Resistors R3 and R4 also have
identical resistances although probably different from resistors R1 and R2.

Resistor R7 has a first side and a second side. The first side is connected to power
supply Vs. The second side is connected to the base of transistor Q6 and the collector of
transistor Q1. Transistor Q6 has a base, a collector and an emitter. The base of transistor
Q6 is connected to resistor R7 and the collector of transistor Q1. The collector is connected
to power supply Vg and the emitter is connected to write head 80 and the collector of
transistor Q3.

Resistor R8 has a first side and a second side. The first side is connected to power
supply Vs. The second side is connected to the base of transistor Q35 and the collector of
transistor Q2. Transistor Q3 has a base, a collector and an emitter. The base is connected
to resistor R8 and the collector of transistor Q2. The collector is connected to power supply
Vg and the emitter is connected to write head 80 and the collector of transistor Q4.

Transistor Q1 has a base, a coliector and an emitter. The base is connected to the

base of Q3, the anode of diode D1 and resistor R2. The collector is connected to resistor
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capacitor to be changed |ikew se. The vol tage change on the opposite side
of the capacitor is used by the Hswitch to cause a greater voltage to
appear across the recording wite head during wite current transitions.
Enbodi nents of the present invention will now be described with reference
to the acconpanyi ng draw ngs, of which: 9 FIG 1 is a block diagram
of a wite systemof a disc drive; FIG 2 is a nore detailed bl ock
di agr am of RY andi the baserafutransistoe Q6 andt the emyjtterascodnegted.to tesistor RS and the emitter
of transistor Q2.

Transistor Q3 has a base, a collector and an emitter. The base is connected to the
base of transistor Q1, the anode of diode D1 and resistor R2. The collector is connected to
the emitter of transistor Q6 and write head 80, and the emitter is connected to the emitter of
transistor Q4 and resistor R6.

Transistor QZ has a base, a cbllector and an emitter. The base is connected to the
base of transistor Q4, the anode of diode D2, and the resistor R1. The collector is
connected to resistor R8 and the base of transistor QS5 and the emitter is connected to resistor
RS and the emitter of transistor Q1. |

Transistor Q4 has a base, a collector and an emitter. The base is connected to the
base of transistor Q2, the anode of diode D2, and. resistor R1. The collector is connected to
write head 80 and the emitter of transistor Q5. The emitter is connected to the emitter of
transistor Q3 and resistor R6.

Resistor RS has a first side and a second side. The first side is connected to the
emitters of transistors Q1 and Q2. The second side is connected to common reference 83.

Writé head 80 has a first side and a second side. The first side is connected to the
emitter of transistor Q6 and the collector of transistor Q3. The second side is connected to
the emitter of transistor Q3 and the collector of transistor Q4. The resistance of write head
80 is represented by resistor R9 and its inductance is represented by inductor L1

Resistor R6 has a first side and a second side. The first side is connected to the
emitters of transistors Q3 and Q4. The second side is connected to common reference 83.

¢. Operation Of H-switch controller 7
H-switch 78, and Write head 80

The resistor pairs R1, R3 and R2, R4 act as a voltage divider to divide the voltage

provided between the output 102 of flip flop 74 and common reference 83. Diodes D1 and
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FIG 3is
and

syst em of
FIG 1 is
system 18

circuit 26, wite circuit 28, and nagneti

controll er
44 is the

acircuit diagramof a wite circuit used in the systemof FIG 1;

FIG 4 is also acircuit diagramof a wite circuit used in the

FIG 1. 1. Overview
a block diagramof a wite systemused in a disc drive. Wite
contai ns host 20, controller 22 0encoder 24, wite preconp

E disc 30. Host 20 is coupled to

B saft Bsdt Yt ot B Sl len (Al tHAE yiBbeh dém, WHQELTEI P

22 is coupjfedhded 1 Ritchfle FRiBRA VS eritter BRIVOItREs VT tradsibBAAQY.LQ2)\QB} &nd

Q4. The divided voltage is provided as the differential voltage inpuf signal 104 to H-switch
78.

Resistor pairs R1, R3 and R2, R4 are chosen such that the voltage across resistor R6
in H-switch 78, in steady sfate, is above a minimum voltage VMIN. This value is typically
around .35 volts. This minimum voltage reduces current variations through the write head -
80 due to temperature changes.

Depending on whether Q is in a logic high state or inverse output E is in a logic
high state, significant current will flow through either resistors R2 and R4, diode D1, and
cransistor Q3 or through resistors R1 and R3, diode D2 and transistor Q4, but not through
both sets of circuit elements simultaneously. Depending on which set of elements is
conducting current, the voltage drop across the base emitter junction of Q3 or Q4, is
approximately equal to the diode on-voltage across diode D1 or diode D2. Thus, the
voltage across resistor R3 or R4 is approximately equal to the voltage across resistor R6.
Therefore, to ensure that the voltage across resistor R6 is at or above V[N, resistor pairs
R1, R3 and R2, R4 should be chosen such that the steady state on-voltage across resistors
R3 and R4 is at or above VpyN. Since the ratios of resistor R1 to resistor R3 and resistor
R2 to R4 are equal to the ratio of the on-voltage across resistor R1 to the on-voltage across
resistor R3, the values for resistors R1, R3 and R2, R4 are chosen from the following

equation:

Rl R2 VQ-VD-V90-VMIN

R3 R4 VMIN
Where: |
VQ equals the high voltage from flip flop 74,
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data 44 and clock 42 from host 20 and outputs. controller data 46 and cl ock
45 to encoder 24. Controller 22 perforns all functions necessary to receive
data from host 20. Encoder 24 is coupled to controller 22 and wite
preconp circuit 26. Encoder 24 receives controller data 46 and cl ock 45
fromcontroller 22 and out puts encoded data 50 and clock 49 to wite
preconp circuit 26. Wite preco circuit 26 is coupled to encoder

and ol ook i gniD Fauas Bin riayies BORSHREIET D2br cconpensat ed data 54 to
wite circuit %;89.0 e\avualts%hé)v&& g'%mcpl z{c?gsstdxoaﬁe | f §s pul ses in

VMIN is the minimum voltage needed across resistor R6.

In the preferred embodiment, the resistance of resistor R1 is equal to the resistance
of resistor R2, and the resistance of resistor R3 is equal to the resistance of resistor R4.

When output Q of flip flop 74 is at Vg, inverse output _Q—is close to zero. The
voltage at the anode of diode D1 is substantially greater than zero, and the voltage at the
anode of diode D2 is close to zero. The voltage at the anode of diode D1 causes transistors
Q! and Q3 to turn on. A lack of positive voltage at the anode of diode D2 causes transistors
Q2 and Q4 to remain off. When transistor Q1 turns on, it draws current through resistor R7.
The current flows through resistor R7 and causes a voltage drop across resistor R7. This
causes the voltage at the collector of transistor Q1 to drop below the voltage needed to turn
on transistor Q6. Therefore, transistor Q6 is off.

Since transistors Q2 and Q4 are both off; no current flows into the collector and out
the emitter of either of these transistors. With no current flow through transistor Q2 there is
very little current flow through resistor R8. This causes the voltage at the collector of
transistor Q2 to be nearly at the voltage supply Vg. Since this voltage is at the base of
transistor QS, transistor QJ is on.

The combination of having both transistors Q3 and Q5 on and transistors Q4 and Q6
off causes current to flow into the collector and out of the emitter of transistor QJ, through
write head 80, into the collector of transistor Q3 and out of the emitter of transistor Q3.
This current finally passes through resistor R6 and diode 90.

When output Q of flip flop 74 'is nearly zero, inverse output -6 isat vV, the voltage
at the anode of diode D2 is substantially greater than zero, and the voltage at the anode of
diode D1 is close to zero. The vbltage at the anode of diode D2 causes transistors Q2 and
Q4 to turn on. A lack of positive voltage at the anode of diode D1 causes transistors Q1 and_
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4 encoded data 50 to conpensate for peak shifting caused by pul se crowdi ng
or other pattern

12
Q3 to remain off. When transistor Q2 turns on, it draws current through resistor R8. The
current flows through resistor R8 and causes a voltage drop across resistor R8. This causes
the voltage at the collector of transistor Q2 to drop below the voltage needed to turn on
transistor Q5. Therefore, transistor QS5 is off.

Since transistors Q1 and Q3 are both off, no current flows in the collector and out
the emitter of either of these transistors. With no current flow through transistor Q! there is
very little current flow through resistor R7. This causes the voltage at the collector of
transistor Q! to be nearly at the supply voltage V. Since this voltage is at the base of
transistor Q6, transistor Q6 is on.

The combination of having both transistors Q4 and Q6 on and transistors Q3 and Q5
off causes current to flow into the collector and out of the emitter of transistor Q6, through
write head 80, into the collector of transistor Q4 and out of the emitter of transistor Q4.
This current finally passes thrbugh resistor R6 and diode 90.

d. Qne-ghof 84 In Detail

One-shot 84 includes D flip-flop F2, capacitor C2, and resistor R10. D flip-flop F2
has data input D, clock input CK, reset input R, and output Q. Clock input CK is connected
to write precomp circuit 26 and receives precompensated data 54. Input D is connected to a
logic high voltage H. Output Q is connected to resistor R10 and charging switch 86. Reset
input R is connected to capacitor C2 and resistor R10.

Capacitor C2 has a first side and a second side. The first side is connected to
resistor R10 and reset input R of D flip-flop F2. The second side is connected to ground.
Resistor R10 has a first side_ and second side. The first side is connected to reset input R of
D flip-flop F2 and capacitor C2. The second side is connected to output Q of D flip-flop F2

and charging switch 86.
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dependent transition shifting. Wite circuit 28 is coupled to wite
preconp circuit 26 and is proximate magnetic disc 30. Wite circuit 28
recei ves preconpensated data 54 fromwite preconp circuit 26 and outputs
magnetic field 58. Magnetic field 58 wites magnetic transitions on disc 30
whi ch are indicative of the data to be stdfBed on disc 30. Wite circuit 28
changes the polarity of nagnetlc fleld 58 for each positive going edge in
preconpensat ed data 54. ) {opers pe-shat §& oxi mate wite circuit
28. A small portion of magnetic dISC 30 resides within magnetic field 58
and i s magneti ze# pulsetin gresompensatedsiataci4 isergeaivadcby ¢lockiinpat CK of D flip-flop F2.

The pulse enables flip-flop F2 and output Q switches to the logic high voltage value of input
D. Reset input R attempts to change to a digital value of one (a logic high), but is hindered
by resistor R10 and capacitor C2. When reset input R does f&ch a digital value of one,
flip-flop F2 is reset, and output Q switches to a digital value of zero.

Thus, one pbsitive going pulse is created on output Q for each positive edge in
precompensation data 54. The duration of this pulse is proportional to the (R10 * C2) time
constant.

f. Charging Switch 86, Large Capacitor 83, And
Diode 90 In Detail

Charging switch 86 has an input connected to the output Q of D flip-flop F2 and
resistor R10, and an output connected to large capacitor 88. Charging switch 86 also has
connections to the power supply Vg and ground.

Large capacitor 88 has a first side and a second side. The first side is connected to
the charging switch 86 and has a voltage referred to as the capacitor voltage 112. The
second side is connected to common reference 83 and diode 90. Diode 90 (which is
preferably a Schottky diode) has an anode and a cathode. The cathode is connected to
ground and the anode is connected to common reference 83 and large capacitor 88.

._Operation Of Charging Switch 86
Capacitor 88 And Diode 9

The one-shot signal from one-shot 84 has two states: pulse and non-pulse. In the
non-pulse state, the charging switch 86 keeps the capacitor voltage 112 near the power
supply voltage V5. When one-shot signal 110 switches to a pulse state, charging switch 86
quickly reduces the capacitor voltage 112 to ground. This causes large capacitor 83 to drive

the common reference 83 below ground. Ideally, the voltage at common reference 83 is
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Magnetic disc 30 rotates relative to wite circuit 28. This causes
different portions of nmagnetic disc 30 to be in the proximty of wite
circuit 28 at different tinmes. Changes in the orientation of magnetic
field 58 causes different portions of magnetic disc 30 to have different
magnetic orientations. These transitions { magnetic orientation on
magnetic disc 30 represent data witten to the disc.

2. Wite Ghiitddi dowiB below its néthiral gotbritiad, BPaE afiBhat dqRal @'&&Eﬂtﬁb%ﬁﬁéﬁb@@olw te

circuit 28 of FIG 1. Wite circuit 28 conprises delay 72, flip-flop 7

H-switch cétingeld. €l theSpower SupplE Roltdke) WHdIwevBEahe Sddistance of charging switch 86 and
large capacitor 88 will typically reduce the actual voltage change measured at common
reference 83.

‘When one-shot signal 110 switches back to a non-pulse state, the charging switch 86
quickly resets the capacitor voltage 112 to close to the supply voltage Vs. This causes large
capacitor 83 to reset common reference 83 to its nominal value of Vg.

Since the input signal to the H-switch 78 is delayed by delay 72, the described
voltage change at common reference 83, begins just before the transition of current in the H-
switch. This allows H-switch 78 to provide a larger voltage across the write head during
write current transitions, which reduces the switching time of the write current. This allows
computers to use lower voltage power supplies, which decreases total power consumptién,
and permits the realization of smaller computers.

FIG. 4 shows the preferred embodiment of the write circuit 28 shown in FIG. 2.
This write circuit operates in the same manner as the circuit in FIG. 3, except that the H-
switch controller 76 uses two voltage dividers to control the H-switch 78, with one of the
voltage dividers being clamped.

The first voltag.e divider in H-switch controller 76 is the same as the divider found in
FIG. 3. The only difference in FIG. 4 is that resistor R1 is now only connected to diode D2
and the base of transistor Q2. In addition, resistor R2 is only coupled to diode D1 and the
base of transistor Q1. This means that the resistor pairs R1, R3 and R2, R4 only control the
H-switch biasing transistors Q1 and Q2.

The new clampéd voltage divider consists of resistors R11, R12, R13, R14, R15,
and R16, and diodes D3, D4, D5, and D6.

Resistor R15 is connected to the Q output of flip-flop 74, diode D3 and resistor R11.
Resistor R16 is connected to diode D3, resistor R13 and the inverse output Q of flip-flop
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one-shot 84, charging switch 86, |arge capacitor 88, and di ode 90.
Delay 72 is coupled to wite preconp circuit 26 of FIG 1, one-shot 84 and
flip-flop 74. Delay 72 receives preconpensated data 54 and outputs del ayed
data signal 100 to flip- flop 74. Delay 72 delays the positive edges of
preconpensated data 54 to properly time the switching of |arge capacitor 88
wth the switching of the Hswitch 78. This will be explained in greater
detail | at @4. iDiodé®3sipeonrdectzditd o¢sistors R15 andR1 Pardd dipde D4l sDivdel Di4eid comnedeiday
72 and Hswitch controller 76. Flip-flop 74 receives

to common reference 83 and diode D3. Diode D5 is connected to resistors R16 and R13

and diode D6. Diode D6 is connected to common reference 83 and diode D5. Resistor R11

is connected to resistors R15 and R12, diode D3 and the base of transistor Q3. Resistor R12

is connected to common reference 83, resistor R11 and the base of transistor Q3.

Resistor R13 is connected to resistors R16 and R14, diode DS and the base of
transistor Q4. Resistor R14 is connected to common reference 83, resistor R13 and the base
of transistor Q4.

h. Operation Of The Clamped Voltage Divider

The clamped voitage divider is a balanced device so that the interaction and operation
of resistors R15, R11, R12, and diodes D3 and D4 are the same as the interaction and
operation of resistors R16. R13, R14, and diodes D5 and D6. Therefore, only the operation
of resistors R15, R12, R11, and diodes D3 and D4 will be described.

Resistor R12 is chosen such that its resistance is equal to the resistance of resistor
R15. Resistor R11 is chosen such that its resistance is one third the resistance of resistor
R15. This relationship causes the voltage across R6 to remain at a nearly constant value of
one half of the individual diode on-voltage associated with diodes D3, D4, D3, and D6.

This can be seen from the fact that, because resistor R11 is one third of the value of resistor
R12, and because there are a total of two diode on-voltages across resistors R11 and R12,
resistor R11 will have a voltage of 1/2 of a diode on-voltage across it and resistor R12 will
have a voltage of 1 1/2 diode on-voltages across it. Assuming that there is a voltage of one
diode on-voltage across the base-emitter junction of transistor Q3, that forces the voltage
across resistor R6 to be one half of a diode on-voltage. This am:hgement operates so that

the voltage across resistor R6 is not dependant on the voltage of common reference 83, as it

was for the circuit in FIG. 3
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del ayed data 100 from delay 72 and outputs fI|p flop output 102 to Hswtch

controller 76.
REPLACENMENT SHEET
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In the embodiment of FIG. 3, a portion of the voltage change that appears at
common reference 83 also appears across resistor R3 or R4, which directly increases the
voltage across both resistors RS and R6. The increased voltage across resistor RS increases
the voltage swing at the bases of transistors Q5 and Q6, which would otherwise directly
limit the switching voltage applied across write head 80. However, the increased voltage
across resistor R6 reduces the H-switch headrdom directly, and increases the magnitude of
the write current, slightly before, during, and slightly after each write current transition.
This write current increase does not provide performance benefits, but reduces the
effectiveness of large capacitor 88 by charging it faster than necessary. Thus, not all of the
voltage change from switching capacitor 88 is actually applied across write head 80.

However, the clamped voltage divider shown in FIG. 4 does not allow the voltage
across resistor R6 to increase. Rather, it remains nearly constant at approximately one half
of a diode on-voltage. Thus, the entire voltage change caused by switching capacitor 88, at
common reference 83, is applied across write head 80. This further increases the
performance of the capacitor assisted low voltage write circuit.

CONCLUSION

The present invention develops an increased voltage across the magnetic write head
during a transition in the write current signal applied to the write head. This increased
voltage is created by switching a capacitor voltage so that the common reference voltage of
the circuit is momentarily driven below ground. This momentary increase in voltage across
the magnetic write head allows the disc drive system to use a lower voltage power supply,
while maintaining the switching time of the write current in the magnetic write head. Using
lower voltage supplies saves space, power, and money.

Although the present invention has been described with reference to preferred
embodiments, persons skilled in the art will recognise that changes may be made in form
and detail without departing from the scope of the present invention.
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Flip-flop 74 creates flip-flop output 102 by formng a digital signal wth
a transition for-each—positive going transition in del ayed data signal

100 H swi tch 76|s coupled to flip-flop 74, Hswitch 78,
and conmon ref ﬂﬁgm‘m‘“m‘ ch controller 76 receives flip-flop output
102 fromfli p-f pr ow des difféfential input voltage signal 104
to Hswitch 78. H-svmtch controller 76 produces differential input voltage
signal 104 by dividing the voltage of flip-flop out put 102. Also, the
common node vol tage of differential input voltage signal 104 is affected by

CLAIMS

1. A write circuit (28) in a magnetic disc drive (18) for receiving a write signal (54)
and for writing data based on the write signal to a magnetic disc (30), the write circuit
comprising:

a magnetic recording write head (80);

an H-switch (78), connected to the magnetic recording write head for switching
current polarity through the magnetic recording write head based on the write signal; and
characterised by

a headroom assistance circuit, connected to the H-switch, for assisting the H-switch
in switching the current polarity through the magnetic recording write head, the headroom
assistance circuit, comprising:

a voltage divider (R1-R4) connected to the H-switch for controlling the voltage
across the magnetic recording write head based on the write signal;

a capacitor (88) connecteq to the voltage divider and the H-switch; and
charging (84, 86, 90) means, connected to the capacitor, for charging and discharging the
capacitor, based on the write signal to increase the voltage appearing across the magnetic

recording write head during switching of the current polarity by the H-switch.

2._ A write circuit as claimed in claim 1, wherein the H-switch includes:

write head current driver means connected to the magnetic recording write head, for
driving current.through the magnetic recording write head; and

write head current control means connected to the write head current driver means,

for controlling current through the magnetic recording write head.
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common reference 83. This .aII“I ovvs common reference 83 to control the biasing
of Hswitch 7Tmmmmuwﬂmmuﬁh 78 is connected to Hswitch controller 76,
wite head 80 rence 83. Hswitch 78 receives differenti al
i nput vol tage si‘gndl 104" from"Hswitch controller 76 and provides wite
head voltage 108 and wite head current 18 to wite head 80. Hswitch 78
produces wite head voltage 108 and wite head current 106 based on
differentikl i nbwritesirtuiyes claigred in tdm Toe2 pwherein the vbltigeadivides imchudes:al
i nput vol tage signal 104
write signal translator means for translating the write signal and producing a
translated write signal; and
divisional means connected to the write signal translator means and the H-switch, for
dividing the translated write signal to control the voltage across the magnetic recording write
head, and to reduce current variations in the magnetic recording write head when the H-

switch is not being switched.

4. A write circuit as claimed in claim 3, wherein the divisional means includes:
voltage clamping means for clamping a voltage across a portion of the H-switch at a
fixed level so a greater portion of the increased voltage is applied across the magnetic

recording write head during switching.

5. A write circuit as claimed in claim 3, wherein the write signal translator means
includes:

delay means for delaying the write signal and producing a delayed write signal; and
a flip-flop connected to the delay means, producing a translated write signal in response to

the delayed write signal.

6. A write circuit as claimed in any of the preceding claims, wherein the charging
means includes:

one-shot means (84) for providing a one-shot signal based on the write signal;

a switch (86) connected to the one-shot means and the capacitor, for switching
voltage on one side of the capacitor based on the one-shot signal; and _

ground current restriction means (90), connected to the capacitor, for restricting

current flow from ground.
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determnes the polarity of wite head voltage 108 and the direction of
wite head current 106. |te head 80 is connected to Hswitch 78

and is proximat mm\“ H“Eﬁ\! of FIG 1. Wite head 80 receives wite
head vol t age 103\ =current 106 fromH switch 78 and produces
magnetic field 58* I\fagnetlc field 58 is pfg)portlonal to wite head current
106. Magnetic field 58 is used to magnetiZe portions of magnetic disc 30 of

FIG 1. One-shot 84 is connected to wite preconp circuit 26 of FIG
1, delay 72, and
7. A write circuit as claimed in claim 6, wherein the one-shot means includes:

a write assistance one-shot for providing one pulse for each positive edge in the write

signal.

8. A write circuit as claimed in claim 6, wherein the ground current restriction means

includes a Schottky diode.

9. A write circuit (28) in a disc drive (18) for writing data to a magnetic disc (30) based
on a data signal (54) received by the write circuit, the data signal having positive and
negative going edges, the write circuit characterised by comprising:

delay means (72) for delaying the data signal and producing a delayed data signal;

a transition circuit (74), connected to the delay means, producing a transition voltage
based on the delayed data signal;

H-switch control means (76), connected to the transition circuit, pfoducing at least
one H-switch control signal based on the trar_}sition voltage;

an H-switch (78), connected to the H-switch control means, producing a write head
current based on the H-switch control signal;

a magnetic write head (80), connected to the H-switch, producing a magnetic field
based on the write head current; and

a write assistance circuit. connected to the H-switch control means and the H-switch,
producing a write assistance voltage, the write assistance circuit including:

a capacitor (88) for providing voltage pulses to the H-switch;

charging means (84, 86), connected to the capacitor, for charging and discharging

the capacitor; and
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charging switch 86. One-shot 84 receives preconpensated data 54 fromwite
g1 ng

preconp circuit ﬁmmmllmimﬂ[ﬁﬁmne shot signal 110 to charging switch 86.
One- shot si gnal pul se for each positive going transition
in preconpensated*dafa 54" % * Charging switch 86 is connected to

one-shot 84 and | arge capacitor 88. Charg2019 switch 86 receives one-shot

signal 110 from one-shot 84 and provides capacitor voltage
ground current restriction means (90), connected to the capacitor and to ground, for

preventing current flow from ground.

10. A write circuit as claimed in claim 9, wherein the charging means includes:
one-shot means for providing a one-shot signal based on the data signal; and
a headroom assistance driver, connected to the one-shot means, for switching the

voltage on one side of the capacitor based on the one-shot signal.

11. A write circuit as claimed in claim 9 or 10, wherein the H-switch control means
includes:
voltage clamping means for clamping a voltage across a portion of the H-switch to

maintain a greater voltage across the magnetic write head during switching.

12. A write circuit (28) in a disc drive (18) for receiving a data signal (54) and writing
data represented by the data signal to a magnetic disc (30), the data signal having positive
and negative going edges, ize write circuit characterised by comprising:

a delay circuit (72) for receiving the data signal, for delaying the data signal, and for
providing a delayed data signal;

a transition circuit (74), connected to the délay circuit, for producing a voltage
transition based on the delayed data signal;

H-switch control means (76), connected to the transition circuit, for producing at
least one H-switch control signal based on the transition voltage;

an H-switch (78), connected to the H-switch control means, for producing a write
head current based on the H-switch control signal;

a magnetic write head (80) connected to the H-switch, for producing a magnetic field

based on the write head current;
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6 signal 112 for larc e capaC|tor '88. For each pul se received from one-shot
84, charging mﬂn(”m(lm "IIHHII hanges capacitor voltage 112 fromthe
supply voltage t Large capacitor 88 is connected to
charging switch 86 dnd‘cofmoh r'eference 83. In steady state, common
reference 83 is at a positive reference pgjential equal to the di ode on-

a one-shot circuit (84) producing a one-shot signal based on the data signal;

a capacitor driver circuit (86), connected to the one-shot circuit, for producing a
capacitor voltage based on the one-shot signal;

a headroom assistance capacitor, connected to the capacitor driver circuit, the H-
switch, and the H-switch control means, for providing additional switching voltage across
the magnetic head; and _

ground current restriction means (90), connected to the headroom assistance
capacitor, the H-switch, the H-switch control means and ground, for restricting current

flow from ground.

13. A write circuit as claimed in any one of claims 9 to 12, wherein the transition circuit
includes: |

a flip-flop (74), coupled to the delay circuit, producing a transition voltage on two
output lines with one line in a positive voltage state and the other line in a no voltage state,
the flip-flop switching the states of both lines for each positive going pulse in the delayed

data based on the delayed data signal.

14. A write circuit as claimed in any one of claims 9 to 13 wherein the one-shot circuit
includes:
a headroom assistance one-shot providing one pulse for each positive edge in the data

signal.

15. A write circuit as claimed in any one of claims 9 to 14, wherein the ground current

restriction means includes a diode or a Schottky diode.
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vol tage across di ode 90. Wen capacitor voltage 112 changes fromthe supply.
vol tage to ground, common reference 83 is driven substantially bel ow
ground, until current flowing fromHswitch 78 to comon reference 83 has
accunul ated significant charge in |arge capacitor 88. ldeally, the voltage
at common reference 83 is pulled dowm, beglowits nom nal potential, by an
anount equal to the power supply voltages~However, the resistance of the
charging switch 86 and the |arge capacitor 838 will typically reduce the
-actual voltage change neasured at comon reference 83. Diode 90 is
connected to comon reference 83 and ground. Di ode 90 bl ocks the

ABSTRACT
ASSISTED LOW VOLTAGE WRITE CIRCUIT

A write circuit (28) in a magnetic disc drive (18) writes data to a magnetic disc (30)
based on a write signal received (54). The write circuit includes a magnetic write head (30),
an H-switch (78), and a headroom assistance circuit. The headroom assistance circuit
includes a voltage divider (R1-R4), a capacitor (88), and a charging circuit (84, 86, 90) for
charging and discharging the capacitor based on the write signals so th'at increased voltage
appears across the magnetic recording write head during switching of the current polarity by

the H-switch.

Fig. 2.
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flow of current fromground into common reference 83. This assures that
when capacitor voltage 112 changes: fromthe supply voltage to ground, the
current drawn to large capacitor 88 does not conme from ground, but rather
fromthe Hswtch controller 76 and thg Hswitch 78. As shown by
this description, the present |nvent|on uses one-shot 84, delay 72,
charging swtch 86, |arge capacitor 88, diode 90, and Hsw tch control[er
76 to develop a larger voltage drop across the magnetic wite head at
transition. This voltage drop is created when the buffered one-shot,
one-shot 84 together with charging switch 86, drives the
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capacitor voltage on capacitor 88 fromthe supply voltage to ground and

t hereby drives the comon reference 83 bel ow ground. The use of the |arge

capacitor 88 to give a nonentary increase in voltage across the magnetic

wite head 80 allows | ower voltage powr supplies to be used in disc drives
t

while maintaining the switching tine he wite current in the nmagnetic
wite head.
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3. Wite Crcuit 28 In Detail FIG 3 is a nore detailed circuit
diagram of wite circuit 28 in the sy ﬁ;enlof FIGs. 1 and 2. Elenents
shown in FIG 3 that are simlar to those shown in FIG 2 are
correspondi ngly nunbered.
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a. Operation O Delay 72 And Fli-flop 74 Flip-flop 74 is a D
flip-flop and has data input D, output Q inverse output, and clock input
CK. Data input Dis connected to inverse output Q and clock input CKis
connected to the output of delay 72. q k input CK receives del ayed data
signal 100 fromdelay 72. |nverse out put Q IS connected to data input D and
Hswitch controller 76. Qutput Qis connected to Hswitch controller 76.
Del ay 72 del ays the preconpensated data 54 to flip-flop 74. Dflip-flop 74
uses the del ayed data signal 100_as.its_clock signal._A positive going

transition in the clock signal W ld cause the,put put to switch to the
val ue at data input D. The tWO*"I | bl e val uess f or
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out put Q and inverse output Q are a | ogical hi gh vol tage VQ and a | ogi cal

“Low voltage, nearly zero. In addition, output Q ar
never the same value. Since data input Dis co Q 6 GM 96
output Q the value at ta input D just before “tr ti vvays

the op O%EPEAGE(MM SHEETQ| Thus, each tine the clock input CK receives a

posi ti
Ther ef oy e
i n precpm

Ag—ptt-ses ut put Q swtches tolit conplinentary val ue.
eveb& @gg itfion in output Q represents a positive going pul se
herlshN 54, ASSISTEDLOW b. Hswitch controller
ch 78, _and

76, H-shi

VOLTAGE WRITE CIRCUIT

The present invention relates to a write circuit for a disc drive. More particularly, the
present invention relates to a headroom assistance circuit for an H-switch in a write circuit.

A magnetic disc, for use in a computer disc drive, is a flat circular platter with a
magnetic surface on which data can be stored by selective polarization of portions of the
magnetic surface. The presence or absence of polarity transitions between the polarized
portions represents particular binary values. The magnetic surface of the disc may be
magnetized permanently with north/south or south/north orientation by applying a magnetié
field near the disc.

In a disc drive, the magnetic field for magnetizing the disc is created by a miniature
horseshoe magnet which is suspended above the magnetically coated disc. The horseshoe
magnet consists of a magnetic material surrounded by a conductive coil. The magnetic field
is created by passing a current through the coil. The direction of the magnetic field is
determined by the direction of the current through the coil. Thus, by changing the direction
of the current through the coil, the host system can change the orientation of the magnetic
field stored on the disc.

" The density of the data stored on the disc is affected by how quickly the host system
can change the direction of the current through the coil. Since the coil is basically an

. inductor, the rate of change of the current is approximated by the following equation:

vV = Ldi .
dt 7 REPLACED SHEETS SG
~+ - li4:Description : paged ....)... to paged "’
éjor S [ 4 Claxm(s) ».+ paged ‘7 to paged ...55...
[Z Drawing(s) : paged ...\... to paged ...Y....
[A Abstract  : paged..%%. to paged ..7.....
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Wite head 80 nREHIA@EMENT SHEETH switch control ler 76 includes resistors Rl
and R2, di odes|Df—amd—bB2—amdTepistors R3 and R4A. H-switch 78 i ncl udes

resistors R5, IR, \Iﬁ tfapsistors Ql, @@, @, &, &, and .
?c@ﬁ%o I '
i

Resi stor Rl of {H{s br 76 has a first side and a second side.
The first. sidefli 4+ connected tolipverse out put Qof flip flop 74. The second
side is connectled to the 2

Where V is the voltage across the coil, L is the inductance of the coil, and di/dt is the rate
of change of current through the coil with respect to time. Thus, it can be seen that the rate
- of change of current through the coil is dependent on the voltage across the coil.

The current through the coil and the voltage across the coil are typically controlled
by an H-switch connected to the magnetic write head. The H-switch consists of four
transistors and various bias resistors. The transistors and resistors are balanced around the
magnetic write head such that one transistor's emitter and another's collector are connected
on each side of the magnetic write head. Depending upon the voltage applied to .the H-
switch, current flows from the emitter of one transistor through the magnetic write head and
into the collector of another transistor on the opposite side of the magnetic write head.
When the voltage applied to the H-switch is reversed, the current flows through a differént
pair of transistors in the opposite direction through the magnetic write head. The amount of
voltage which can be placed across the magnetic write head is determined by the voltage
supply available to the H-switch.

Present desktop computers provide a 5 volt supply which is sufficient to maintain a
quick rate of change for the write head current. However, portable computers require write
circuits which use lower voltages. When lower voltage supplies are used with present H-
switch technology, the time needed for current changes (rise time) is greater, which
degrades overwrite performance at higher data rates. Thus, the performance of computers is
restricted by current H-switch technology

Accordingly, the present invention is directed to a write circuit for a magnetic disc
drive. The write circuit wntes data to a magnetic disc based on a write signal received from
the host system. The write circuit contains a magnetic recording write head, an H-switch,
and a headroom assist;mce circuit. The hmdroom_g assistance c1rcu1t a§s15ts the H-switch in
switching the current polarity through the mégnefic recordihg wnte head The headroom
assistance circuit includes a voltage divider, a capacitor, and a charging circuit. The
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8 anode of
j stors Q2 and 4 of H-switch 78. Resistor R2,

n

REPLACENENT SFIEPLACEMENT SHEET
has a first §i side. The first side is connected to output

13 MAY 1999
;
i g
Qof flip flo 5ide is connected to the anode of di ode D1,

di ode D2 and }h
and t he baseslof transistors and B of 3

chai'ging circuit rapidly changes the voltage on one side of the capacitor. Since the voltage
across the capacitor changes slowly, this causes the voltagé on the opposite side of the
capacitor to be changed likewise. The voltage change on the opposite side of the capacitor
is used by the H-switch to cause a greater voltage to appear across the recording write head
during write current transitions.

Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:

FIG. 1 is a block diagram of a write system of a disc drive;

FIG. 2 is a more detailed block diagram of a write circuit used in the system of FIG.

FIG. 3 is a circuit diagram of a write circuit used in the system of FIG. 1; and
FIG. 4 is also a circuit diagram of a write circuit used in the system of FIG. 1.
1. QOverview

FIG. 1 is a block diagram of a write system used in a disc drive. Write system 18
contains host 20, controller 22, encoder 24, write precomp circuit 26, write circuit 28, and
magnetic disc 30. Host 20 is coupled to controller 22 and provides clock signal 42 and
write data 44. Write data 44 is the binary data to be written to magnetic disc 30.

Controller 22 is coupled to host 20 and encoder 24. Controller 22 receives write
data 44 and clock 42 from host 20 and outputs controller data 46 and clock 45 to encoder
24. Controller 22 performs all functions necessary to receive data from host 20.

Encoder 24 is coupled to controller 22 and write precomp circuit 26. Encoder 24
receives controller data 46 and clock 45 from controller 22 and outputs encoded data 50 and
clock 49 to write precomp circuit 26.

Write precomp circuit 26 is coupled to encoder 24 and write circuit 28. Write
precomp circuit 26 receives encoded data 50 and clock signal 49 from encoder 24 and

outputs precompensated data 54 to write circuit 28. Write precomp circuit 26 shifts pulses in
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anode and a cathode. The anode is connected to
gﬁsg transistors QL and B. The cathode is
connected t ’YDilode D2 has an anode and a cathode. The anode is
connected tojresistor Rl a tthe bases of transistors @ and 4. The
cat hode of diode D2 is connect d to resistor R3. Resistor R4 has a first
side and a s§c de is connegted to the cat hode of di ode D1.
The second side is connected to commpn reference 83. Resistor R3 has a
first and &neasiedrddtasiQito compensite for pealishifting caused by gulse crdveding oh other péttern

di ode D2. The second side is connected to
dependent transition shifting.

H switch 78.
r.esi stor R2

Write circuit 28 is coupled to write precomp circuit 26 and is proximate magnetic
disc 30. Write circuit 28 receives precompensated data 54 from write precomp circuit 26
and outputs magnetic field 58. Magnetic field 58 writes magnetic transitions on disc 30
which are indicative of the data to be stored on disc 30. Write circuit 28 changes the
polarity of magnetic field 58 for each positive going edge in precompensated data 54.

Magnetic disc 30 is proximate write circuit 28. A small portion of magnetic disc 30
resides within magnetic field 58 and is magnetized to the orientation of magnetic field 58.
Magnetic disc 30 rotates relative to write circuit 28. This causes different portions of
magnetic disc 30 to be in the proximity of write circuit 28 at different times. Changes in the
orientation of magnetic field 58 causes different portions of magnetic disc 30 to have
different magnetic orientations. These transitions in magnetic orientation on magnetic disc
30 represent data written to the disc.

FIG. 2 is a more detailed block diagram of write circuit 28 of FIG. 1. Write circuit
28 comprises delay 72, flip-flop 74, H-switch controller 76, H-switch 78, write head 80,
one-shot 84, charging switch 86, large capacitor 88, and diode 90.

Delay 72 is coupled to write precomp circuit 26 of FIG. 1, one-shot 84 and flip-flop
74. Delay 72 receives precompensated data 54 and outputs delayed data signal 100 to flip-
flop 74. Delay 72 delays the positive edges of precompensated data 54 to properly time the
switching of large capacitor 88 with the switching of the H-switch 78. This will be
explained in greater detail later in the specification.

Flip-flop 74 is coupled to delay 72 and H-switch controller 76. Flip-flop 74 receives
delayed data 100 from delay 72 and outputs flip-flop output 102 to H-switch controller 76.
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conmon _referenueﬂmACEMENT SHEEKifjstors R1 and R2 have identical resistances.

Resi stors R3 apd ifdentical resistances although probably
different from rDS|11é]§{q§’ lj% R2. Resistor R7 has a first side
and a second stdeg. I syde is connected to power supply V[err]. The
second side isjconnected to-t ase of transistor @ and the collector of

transistor QL. TranS|stor (@) has a base, a gollector and an emtter. The

base of transi

ed to resistor R7 and the coll ector of

transi stor ®lip-fibe74 erdatstfil p—ﬂcﬁ; a.gp\geme:q fofming\eedighalidgnal Withrd fraruitibr fof each
ea

emtter

is connected to wite

0 and the collector of
positive going transition in delayed data signal 100.

H-switch controller 76 is coupled to flip-flop 74, H-switch 78, and common
reference 83. H-switch controller 76 receives flip-flop output 102 from flip-flop 74 and
provides differential input voltage signal 104 to H-switch 78. H-switch controller 76
produces differential input voltage signal 104 by dividing the voltage of flip-flop output 102.
Also, the common mode voltage of differential input voltage signal 104 is affected by
common reference 83. This allows common reference 83 to control the biasing of H-switch
78.

H-switch 78 is connected to H-switch controller 76, write head 80, and common
reference 83. H-switch 78 receives differential input voltage signal 104 from H-switch
controller 76 and provides write head voltage 108 and write head current 106 to write head
80. H-switch 78 produces write head voltage 108 and write head current 106 based on
differential input voltage signal 104. The polérity of the differential input voltage signal 104
determines the polarity of write head voltage 108 and the direction of write head current
106.

Write head 80 is connected to H-switch 78 and is proximate magnetic disc 30 of
FIG. 1. Write head 80 receives write head voltage 108 and write head current 106 from H-
switch 78 and produces magnetic field 58. Magnetic field 58 is proportional to write head
current 106. Magnetic field 58 is used to magnetize portions of magnetic disc 30 of FIG. 1.

One-shot 84 is connected to write precomp circuit 26 of FIG. 1, delay 72, and
charging switch 86. One-shot 84 receives precompensated data 54 from write precomp
circuit 26 and provides one-shot signal 110 to charging switch 86. One-shot signal 110
contains one pulse for each positive going transition in precompensated data 54.

Charging switch 86 is connected to one-shbt 84 and large capacitor 88. Charging

switch 86 receives one-shot signal 110 from one-shot 84 and provides capacitor voltage

eet Has Been Replaced

Hll\l\\ M



transi stor (B. REPLACHRENTSBREETRE has a first side and a second side. The
first side is con supply V[err]. The second side is
connected to th SS of tr%néistdr @& and the collector of transistor Q.
Transi stor b h : &HOV988) |ledt or and an enmitter. The base is connected
to resistor R8 and the collector] qf transistor . The collector is
connected to power supply V[err] gnd the enbtter is connected to wite head
80 and the colle 4 %l Transistor QL has a base, a
col | ect or aftgnahliZnior darge canqsitond® For eahmudseagceived fram onesshop B4 (eharging

f di D, ' R2.. Th I ' |
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Large capacitor 88 is connected to charging switch 86 and common reference 83. In

steady state, common reference 83 is at a positive reference potential equal to the diode on-
voltage across diode 90. When capacitor voltage 112 changes from the supply voltage to
ground, common reference 83 is driven substantially below ground, until current flowing
from H-switch 78 to common reference 83 has accumulated significant charge in large
capacitor 88. Ideally, the voltage at common reference 83 is pulled down, below its
nominal potential, by an amount equal to the power supply voltage. However, the resistance
of the charging switch 86 and the large capacitor 88 will typically reduce the actual voltage
change measured at common reference 83. '

Diode 90 is connected to common reference 83 and ground. Diode 90 blocks the
flow of current from ground into common reference 83. This assures that when capacitor
voltage 112 changes from the supply voltage to ground, the current drawn to large capacitor
88 does not come from ground, but rather from the H-switch controller 76 and the H-switch
78.

As shown by this description, the present invention uses one-shot 84, delay 72,
charging switch 86, large capacitor 88, diode 90, and H-switch controller 76 to develop a
larger voltage drop across the magnetic write head at transition. This voltage drop is created
when the buffered one-shot, one-shot 84 together with charging switch 86, drives the
capacitor voltage on capacitor 88 from the supply volfage to ground and thereby drives the
common reference 83 below ground. The use of the large capacitor 88 to give a momentary
increase in voltage across the magnetic write head 80 allows lower voltage power supplies to
be used in disc drives while maintaining the switching time of the write current in the

magnetic write head.
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Write ‘Circuit 28 In Detail

FIG. 3 is a more detailed circuit diagram of write circuit 28 in the system of FIGs. 1
and 2. Elements shown in FIG. 3 that are similar to those shown in FIG. 2 are
correspondingly numbered.

a ion Of Delay 72 And Fli 4

Flip-flop 74 is a D flip-flop and has data input D, output Q, inverse output , and

clock input CK. Data input D is connected to inverse output Q and clock input CK is

connected to the output of delay 72. Clock input CK receives delayed data signal 100 from
delay 72. Inverse output Q is connected to data input D and H-switch controller 76.
Output Q is connected to H-switch controller 76.

Delay 72 delays the precompensated data 54 to flip-flop 74. D flip-flop 74 uses the
delayed data signal 100 as its clock signal. A positive going transition in the clock signal

will cause the output Q to switch to the value at data input D. The two possible values for
output Q and inverse output -6 are a logical high voltage, V(, and a logical low voltage,

nearly zero. In addition, output Q and inverse output 6— are never the same value. Since

data input D is connected to the inverse output -6, the value at data input D just before

transition will always be the opposite of output Q. Thus, each time the clock input CK
receives a positive going pulse, output Q switches to it complimentary value. Therefore,
every transition in output Q represents a positive going pulse in precompensated data 54.
b, H-switch controller 76, H-switch 78, and
H-switch controller 76 includes resistors R1 and R2, diodes D1 and D2, and resistors
R3 and R4. H-switch 78 includes resistors RS, R6, R7, R8 and transistors Q1, Q2, Q3,
Q4, Q5, and Q6.

Resistor R1 of H-switch controller 76 has a first side and a second side. The first
side is connected to inverse output _Q— of flip flop 74. The second side is connected to the
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ector and an emtter. The base is connected
to the base of {ransistor Ql,|the anode of diode Dl and resistor R2. The
collector is ¢ohnet® OV 4996 he Enitter of transistor Q@ and wite head 80,
and the emtté¢r|is connected folthe emtter of transistor 4 and resistor
R6. Tr ansSTSTOr Z has a pase, a collector and an emtter. The base
I's connected flo the base of frhnsistor Q48 the anode of diode D2, and the
resistor RL. The collector is connected to resistor R8 and the base of
t ][ ansi st or afbdeofidiode D2nridt the bases of traesistors @2 and Q4safdd-switsh F8d Resistor R2thasa
of transistor :

first s%e and a second side. The first side is connected to output Q of flip flop 74. The

—+

D

second side is connected to the anode of diode D1, and the bases of transistors Q1 and Q3 of
H-switch 78. Diode D1 has an anode and a cathode. The anode is connécted to resistor R2
and the bases of transistors Q1 and Q3. The cathode is connected to resistor R4. Diode D2
has an anode and a cathode. The anode is connected to resistor R1 and the bases of
transistors Q2 and Q4. The cathode of diode D2 is connected to resistor R3. Resistor R4
has a first side and a second. The first side is connected to the cathode of diode D1. The
second side is connected to common reference 83. Resistor R3 has a first and a second side.
The first side is connected to the cathode of diode D2. The second side is éonnected to
common reference 83.

Resistors R1 and R2 have identical resistances. Resistors R3 and R4 also have
identical resistances although probably different from resistors R1 and R2.

Resistor R7 has a first side and a second side. The first side is connected to power
supply Vs. The second side is connected to the base of transistor Q6 and the collector of
transistor Q1. Transistor Q6 has a base, a collector and an emitter. The base of transistor
Q6 is connected to resistor R7 and the collector of transistor Q1. The collector is connected
to power supply Vg and the emitter is connected to write head 80 and the collector of
transistor Q3.

Resistor R8 has a first side and a second sidé. The first side is connected to power
supply Vg. The second side is connected to the base of transistor Q5 and the collector of
transistor Q2. Transistor Q5 has a base, a collector and an emitter. The base is connected
to resistor R8 and the collector of transistor Q2. The collector is connected to power supply
Vg and the emitter is connected to write head 80 and the collector of transistor Q4.

Transistor Q1 has a base, a collector and an emitter. The base is connected to the

base of Q3, the anode of diode D1 and resistor R2. The collector is connected to resistor

Sheet Has Been Replaced

i BRI




Transistor 4 1a%EPéAEEM5NT §H5%TI ector and an emtter. The base is connected
to the base of fjransistor ,| the anode of diode D2, and resistor RlL. The
collector is conhectgqig\o1ovs te head 80 and the emtter of transistor (6.
The emtter is cpnnecte to the emtter of transistor B and resistor R6.

D O

Resi stor R5 ha$ &++rst—stde—and| a second side. The first side is connected
to the emtter$ of transistors and Q2. The second side is connected to
common referenceé 83. Wite head 80 has a first side and a second

side. The f R7sindshelbasesofctransistor €6 dmd thb emitteriis tennecfedtto aesistot RS aqf theemitter
collector of transistor (B. The second side is connected to
of transistor Q2.

Transistor Q3 has a base, a collector and an emitter. The base is connected to the
base of transistor Q1, the anode of diode D1 and resistor R2. The collector is connected to
the emitter of transistor Q6 and write head 80, and the emitter is connected to the emitter of
transistor Q4 and resistor R6. |

| Transistor Q2 has a base, a collector and an emitter. The base is connected to the
base of transistor Q4, the anode of diode D2, and the resistor R1. The collector is
connected to resistor R8 and the base of transistor Q5 and the emitter is connected to resistor
RS and the emitter of transistor Q1.

Transistor Q4 has a base, a collector and an emitter. The base is connected to the
base of transistor Q2, the anode of diode D2, and resistor R1. The collector is connected to
write head 80 and the emitter of transistor Q5. The emitter is connected to the emitter of
transistor Q3 and resistor R6.

Resistor RS has a first side and a second side. The first side is connected to the
emitters of transistors Q1 and Q2. The second side is connected to common reference 83.

Write head 80 has a first side and a second side. The first side is connected to the
emitter of transistor Q6 and the collector of transistor Q3. The second side is connected to
the emitter of transistor Q5 and the collector of transistor Q4. The resistance of write head
80 is represented by resistor R9 and its inductance is represented by inductor L1

Resistor R6 has a first side and a second side. The first side is connected to the
emitters of transistors Q3 and Q4. Thé second side is connected to common reference 83.

¢._Operation Of H-switch controller 76,

The resistor pairs R1, R3 and R2, R4 act as a voltage divider to divide the voltage

provided between the output 102 of flip flop 74 and common reference 83. Diodes D1 and
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H switch control
j The resistor pairs Rl, R3 and R2, R4

act as a voDRazgch providéainetdiodt on-déltdgeevhenl durgnt iy flowig dhivuphvtissm,t whichig put
102 of flip flop 74 and conmon reference 83. D odes D1 and

side is connected to common reference 83.-.

intended to q:atch the individual base-emitter on-voltages of transistors Q1, Q2, Q3, and
Q4. The divided voltage is provided as the differential voltage input signal 104 to H-switch
78.

Resistor pairs R1, R3 and R2, R4 are chosen such that the voltage across resistor R6
in H-switch 78, in steady state, is above a minimum voltage VMIN. This value is typicaily
around .35 volts. This minimum voltage reduces current variations through the write head
80 due to temperature changes.

Depending on whether Q is in a logic high state or inverse output —(-2— is in a logic
high state, significant current will flow through either resistors R2 and R4, diode D1, and
transistor Q3 or through resistors R1 and R3, diode D2 and transistor Q4, but not through
both sets of circuit elements simultaneously. Depending on which set of elements is
conducting current, the voltage drop across the base emitter junction of Q3 or Q4, is
approximately equal to the diode on-voltage across diode D1 or diode D2. Thus, the
voltage across resistor R3 or R4 is approximately equal to the voltage across resistor R6.
Therefore, to ensure that the voltage across resistor R6 is at or above VN, resistor pairs
R1, R3 and R2, R4 should be chosen such that the steady state on-voltage across resistors
R3 and R4 is at or above VN. Since the ratios of resistor R1 to resistor R3 and resistor
R2 to R4 are equal to the ratio of the on-voltage across resistor R1 to the on-voltage across
resistor R3, the values for resistors R1, R3 and R2, R4 are chosen from the following |

equation;

Rl

R3

R2 VQ-Vp-V9o-VMIN

R4 - VMIN

Where:
VQ equals the high voltage from flip flop 74;

heet Has Been Replaced

TR



REPLACEMENT SHEET 10 D2
gaph provi de one diode on-voltage when current is flow ng through them
which is intended to match the individual base-enmtter on-voltages of

transistors Ql, @, B, and REPLACEMENT SHEET

11
18 NOV 1996

Vp equals the on-voltage across diode D1 (or D2);

Vg equals the voltage drop across diode 90; and

VMIN is the minimum voltage needed across resistor R6.

In the preferred embodiment, the resistance of resistor R1 is equal to the resistance
of resistor R2, and the resistance of resistor R3 is equal to the resistance of resistor R4.

When output Q of flip flop 74 is at V(, inverse output -ais close to zero. The
voltage at the anode of diode D1 is substantially greater than zero, and the voltage at the
anode of diode D2 is close to zero. The voltage at the anode of diode D1 causes transistors
Q1 and Q3 to turn on. A lack of positive voltage at the anode of diode D2 causes transistors
Q2 and Q4 to remain off. When transistor Q1 turns on, it draws current through resistor R7.
The current flows through resistor R7 and causes a voltage drop across resistor R7. This
causes the voltage at the collector of transistor Q1 to drop below the voltage needed to turn
on transistor Q6. Therefore, transistor Q6 is off.

Since transistors Q2 and Q4 are both off, no current flows into the collector and out
the emitter of either of these transistors. With no current flow through transistor Q2 there is
very little current flow through resistor R8. This causes the voltage at the collector of
transistor Q2 to be nearly at the voltage supply Vs. Since this voltage is at the base of
transistor Q3, transistor QS5 is on.

The combination of having both transistors Q3 and Q5 on and transistors Q4 and Q6
off causes current to flow into the collector and out of the emitter of transistor Q5, through
write head 80, into the collector of transistor Q3 and out of the emitter of transistor Q3.
This current finally passes through resistor R6 and diode 90.

When output Q of flip flop 74 is nearly zero, inverse output Q is at V), the voltage
at the anode of diode D2 is substantially greater than zero, and the voltage at the anode of
diode D1 is close to zero. The voltage at the anode of diode D2 causes transistors Q2 and
Q4 to turn on. A lack of positive voltage at the anode of diode D1 causes transistors Q1 and
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. The divided voltage is provided as the diffe R LaA _m E'r|-n'ut

signal 104 to H-switch 78. Resi st or pains 4 are
chosen such that the voltage across resistor R6 i Hswitch 78, |in steady’
state, is above a mninumvoltage VM N. This val de li s18yNO¥aPP§ |ajound .35
volts. This m ni num vol tage reduces current varidtijons through thejwite
head 80 due to tenperature changes. 12 Dependj ng on whether Qiis in a

| ogi ¢ high _state or inverse output Qis in a |ogi

3 to remain off. When transistor Q2 turns on, it draws current through resistor R8. The

current flows through resistor R8 and causes a voltage drop across resistor R8. This causes

the voltage at the collector of transistor Q2 to drop below the voltage needed to turn on

transistor Q5. Therefore, transistor QS is off.

Since transistors Q1 and Q3 are both off, no current flows in the collector and out

the emitter of either of these transistors. With no current flow through transistor Q1 there is _

very little current flow through resistor R7. This causes the voltage at the collector of

transistor Q1 to be nearly at the supply voltage Vg. Since this voltage is at the base of

transistor Q6, transistor Q6 is on.

The combination of having both transistors Q4 and Q6 on and transistors Q3 and Q5

off causes current to flow into the collector and out of the emitter of transistor Q6, through

write head 80, into the collector of transistor Q4 and out of the emitter of transistor Q4.

This current finally passes through resistor R6 and diode 90.
ne-shot 84 In Detail

One-shot 84 includes D flip-flop F2, capacitor C2, and resistor R10. D flip-flop F2

has data input D, clock input CK, reset input R, and output Q. Clock input CK is connected

to write precomp circuit 26 and receives precompensated data 54. Input D is connected to a

logic high voltage H. Output Q is connected to resistor R10 and charging switch 86. Reset

input R is connected to capacitor C2 and resistor R10.

Capacitor C2 has a first side and a second side. The first side is connected to

resistor R10 and reset input R of D flip-flop F2. The second side is connected to ground.

Resistor R10 has a first side and second side. The first side is connected to reset input R of

D flip-flop F2 and capacitor C2. The second side is connected to output Q of D flip-flop F2

and charging switch 86.
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high state, significant current will flow through either|f
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R4, diode D1, and transistor B or through resistors Rl &ng
and transistor 4, but not through both sets of circuitjelfenents
si mul t aneously. Dependi ng on which set of elenments is cpngluctd NDOVE®Iben} ,
the voltage drop across the base emtter junction of B pri4, is

approxi mately equal to the diode on-voltadgd across di odef DL or di ode DZ.
Thus, the voltage across resistor R3 or R4 is approxi mately equal 1o the
vol t age across resistor R6. ecfQpara b Onershot dtht t he voltage acr oss
resistor R6 is at or above V[ferr], resi stor palrs R1, R3 and R2, R4 should
be chosen such téaulse in:precompensaieddatar¥t isareaivad biceloek input CK of b flip-flop F2.

The pulse enables flip-flop F2 and output Q switches to the logic high voltage value of input

D. Reset in;iut R attempts to change to a digital value of one (a logic high), but is hindered
by resistor R10 and capacitor C2. When reset input R does reach a digital value of one,
flip-flop F2 is reset, and output Q switches to a digital value of zero.

Thus, one positive going pulse is created on output Q for each positive edge in
precompensation data_54. The duration of this pulse is proportional to the (R10 * C2) time
constant.

“harging Switch 86 e itor 88, And
Diode 90 In Detail

Charging switch 86 has an input connected to the output Q of D flip-flop F2 and
resistor R10, and an output connected to large capacitor 88. Charging switch 86 also has
connections to the power supply Vg and ground.

Large capacitor 88 has a first side and a second side. The first side is connected to
the charging switch 86 and has a voltage referred to as the capacitor voltage 112. The
second side is connected to common reference 83 and diode 90. Diode 90 (which is
preferably a Schottky diode) has an anode and a cathode. The cathode is connected to
ground and the anode is connected to common reference 83 and large capacitor 88.

f Charging Switch Lar;
Capacitor 88 And Diode 90

The one-shot signal from one-shot 84 has two states: pulse and non-pulse. In the
non-pulse state, the charging switch 86 keeps the capacitor voltage 112 near the power
supply voltage V5. When one-shot signal 110 switches to a pulse state, charging switch 86
quickly reduces the capacitor voltage 112 to ground. This causes large capacitor 88 to drive

the common reference 83 below ground. Ideally, the voltage at common reference 83 is
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R3 and R4 is at or above V[err]. Since the ratios df _
resistor R3 and resistor R2 to R4 are equal to the Bgﬁﬂ Mﬁ"{l@"ﬁ ol t age
across resistor RL to the on-voltage across resistqr |[R3, the value$ for

resistors R, R3 and R2, R4 are chosen fromthe fol
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pulled down, below its nominal potential, by an amount equal to the entire capacitor voltage
change (i.e., the power supply voltage). However, the resistance of charging switch 86 and
large capacitor 88 will typically reduce the actual voltage change measured at common
reference 83.

When one-shot signal 110 switches back to a non-pulse state, the charging switch 86
quickly resets the capacitor voltage 112 to close to the supply voltage Vg. This causes large
capacitor 88 to reset common reference 83 to its nominal value of Vgg.

Since the input signal to the H-switch 78 is delayed by delay 72, the described
voltage change at common reference 83, begins just before the transition of current in the H-
switch. This allows H-switch 78 to provide a larger voltage across the write head during
write current transitions, which reduces the switching time of the write current. This allows
computers to use lower voltage power supplies, which decreases total power consumption,
and permits the realization of smaller computers. |

FIG. 4 shows the preferred embodiment of the write circuit 28 shown in FIG. 2.
This write circuit operates in the same manner as the ciréuit in FIG. 3, except that the H-
switch controller 76 uses two voltage dividers to control the H-switch 78, with one of the
voltage dividers being clamped.

The first voltage divider in H-switch controller 76 is the same as the divider found in
FIG. 3. The only difference in FIG. 4 is that resistor R1 is now only connected to diode D2
and the base of transistor Q2. In addition, resistor R2 is only coupled to diode D1 and the
base of transistor Q1. This means that the resistor pairs R1, R3 and R2, R4 only control the
H-switch biasing transistors Q1 and Q2.

The new clamped voltage divider consists of resistors R11, R12, R13, R14, R15,
and R16, and diodes D3, D4, D5, and D6.

Resistor R15 is connected to the Q output of flip-flop 74, diode D3 and resistor R11.
Resistor R16 is connected to diode D5, resistor R13 and the inverse output Q of flip-flop
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74. Diode D3 is connected to resistors R15 and R11 and diode D4. Diode D4 is connected

to common reference 83 and diode D3. Diode D5 is connected to resistors R16 and R13
and diode D6. Diode D6 is connected to commoh reference 83 and diode D5. Resistor R11
is cdnnected to resistors R15 and R12, diode D3 and the base of transistor Q3. Resistor R12
is connected to common reference 83, r_esistor R11 and the base of transistor Q3.

Resistor R13 is connected to resistors R16 and R14, diode DS and the base of
transistor Q4. Resistor R14 is connected to common reference 83, resistor R13 and the base
of transistor Q4.

h, Operation Of The Clamped Voltage Divider

The clamped voltage divider is a balanced device so that the interaction and operation

~ of resistors R15, R11, R12, and diodes D3 and D4 are the same as the interaction and

operation of resistors R16, R13, R14, and diodes D5 and D6. Therefore, only the operation
of resistors R15, R12, R11, and diodes D3 and D4 will be described.

Resistor R12 is chosen such that its resistance is equal to the resistance of resistor
R15. Resistor R11 is chosen such that its resistance is one third the resistance of resistor
R15. This relationship causes the voltage across R6 to remain at a nearly constant value of
one half of the individual diode on-voltage associated with diodes D3, D4, DS, and D6.
This can be seen from the fact that, because resistor R11 is one third of the value of resistor
R12, and because there are a total of two diode on-voltages across resistors R11 and R12,
resistor R11 will have a voltage of 1/2 of a diode on-voltage across it and resistor R12 will
have a voltage of 1 1/2 diode on-voltages across it. Assuming that there is a voltage of one
diode on-voltage across the base-emitter junction of transistor Q3, that forces the voltage
across resistor R6 to be one half of a diode on-voltage. This arrangement operates so that
the voltage across resistor R6 is not dependant on the voltage of common reference 83, as it

was for the circuit in FIG. 3.
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equal s the voltage drop across diode 90; and VIErt] 1S tthg m ni num
vol t age needed across resistor R6. In the rFf qygév%gdi mgnt, the
resi stance of resistor RL is equal to the resistancke of resistor |R4, and
the resistance of resistor R3 is equal to the res}s st gr R4.
VWhen output Qof flip flop 74 is at VQ ibferse optput Qis close tlo zero.

The voltage at_the anode of diode D1 is substant it

greater than zero,

and the vol t agelmtherembodiment of FIGd 3 oa portion; of the u@@ae@imq)thameatﬂatage at

t he anode of

di ode_Dl1 cayses transistors o g )
common reference %&I also appears across resistor R3 or R4, which directly increases the

voltage across both resistors RS and R6. The increased voltage across resistor RS increases
the voltage swing at the bases of transistors Q5 and Q6, which would otherwise directly
limit the switching voltage applied across write head 80. However, the increased voltage
across resistor R6 reduces the H-switch headroom directly, and increases the magnitude of
the write current, slightly before, during, and slightly after each write current transition.
This write current increase does not provide performance benefits, but reduces the
effectiveness of large capacitor 88 by charging it faster than necessary. Thus, not all of the
voltage change from switching capacitor 88 is actually applied across write head 80.

However, the clamped voltage divider shown in FIG. 4 does not allow the voltage
across resistor R6 to increase. Rather, it remains nearly constant at approximately one half
of a diode on-voltage. Thus, the entire voltage change caused by switching capacitor 88, at
common reference 83, is applied across write head 80. This further increases the
performance of the capacitor assisted low voltage write circuit.

CONCLUSION

The present invention develops an increased voltage across the magnetic write head
during a transition in the write current signal applied to the write head. This increased
voltage is created by switching a capacitor voltage so that the common reference voltage of
the circuit is momentarily driven below ground. This momentary increase in voitage across
the magnetic write head allows the disc drive system to use a lower voltage power supply,
while maintaining the switching time of the write current in the magnetic write head. Using
lower voltage supplies saves space, power, and money.

Although the present invention has been described with reference to preferred
embodiments, persons skilled in the art will recognise that changes may be made in form

and detail without departing from the scope of the present invention.
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QL and B to turn on. A lack of positive voltage at the anode of di ode D2
causes transistors @ and Q4 to remain off. Wen transistor QL turns on,
i't draws current through resistor R7. The current t or

R7 and causes a voltage drop across resistor R7. Thi SREHWMFNTIGSHEEM ge at

the col |l ector mnmamnﬂml to drop bel ow t he volit gge—eeded—tT n on
t ransi st or |stor Q@ is18ff. ors
Q@ and 4 are bbt  ofif , ®*noScufrent flows into the c IIecférﬁﬁ“Eﬁ% e
emtter of either of these transistors. Wth no curnerit _flow throug
transi stor there is very little current flow thrdqugh resistor R8. This
causes the at the collector of _

1. A write circuit (28) in a magnetic disc drive (18) for receiving a write signal (54)

and for writing data based on the write signal to a magnetic disc (30), the write circuit
comprising:

a magnetic recording write head (80);

an H-switch (78), connected to the magnetic recording write head for switching
current polarity through the magnetic recording write head based on the write signal; and
characterised by

a headroom assistance circuit, connected to the H-switch, for assisting the H-switch
in switching the current polarity through the magnetic recording write head, the headroom
assistance circuit, comprising:

a voltage divider (R1-R4) connected to the H-switch for controlling the voltage
across the magnetic recording write head based on the write signal;

a capacitor (88) connected to the voltage divider and the H-switch; and
charging (84, 86, 90) means, connected to the capacitor, for charging and discharging the
capacitor, based on the write signal to increase the voltage appearing across the magnetic

recording write head during switching of the current polarity by the H-switch.

2. A write circuit as claimed in claim 1, wherein the H-switch includes:

write head current driver means connected to the magnetic recording write head, for
driving current through the magnetic recording write head; and

write head current control means connected to the write head current driver means,

for controlling current through the magnetic recording write head.
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transistor 2 to be_nearly at the vol t age supply J[R PILACEEFWééHtEﬁTs vol t age
is at the base of transistor b, transistor b i ﬂ(B Nownm o 4
conbi nati on of sistors @B and b pn| a 5t rs an
Q@ of f causes “mmumlmnm“)lmnnto t he collector pnd out of the mitter of
transistor @, t'hrbugh "wi’te*head 80, into the cpl€éctor orTransifstor B

and out of the emtter of transistor B. ™ s curkent finally passds

th h resi stor, R6. and di od n output Qof flip flop 74 is
ne;(r)lug zer @ i nfb MM GiTPHEAs %a-\'%eda‘l“ olgim | RESVWF%btheé’Plt{i%dlé(Méﬂf-‘é\idqai ode
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translated write signal; and

divisional means connected to the write signal translator means and the H-switch, for
dividing the translated write signal to control the voltage across the magnetic recording write
head, and to reduce current variations in the magnetic recording write head when the H-

~ switch is not being switched.

4. A write circuit as claimed in claim 3, wherein the divisional means includes:
voltage clamping means for clamping a voltage across a portion of the H-switch at a
fixed level so a greater portion of the increased voltage is applied across the magnetic

recording write head during switching.

5. A write circuit as claimed in claim 3, wherein the write signal translator means
includes:

delay means for delaying the write signal and producing a delayed write signal; and
a flip-flop connected to the delay means, producing a translated write signal in response to
the delayed write signal.

6. A write circuit as claimed in any of the preceding claims, wherein the charging
means includes:

one-shot means (84) for providing a one-shot signal based on the write signal;

a switch (86) connected to the one-shot means and the capacitor, for switching
voltage on one side of the capacitor based on the one-shot signal; and

ground current restriction means (90), connected to the capacitor, for restricting

current flow from ground.
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7. A write circuit as claimed in claim 6, wherein the one-shot means includes:
a write assistance one-shot for providing one pulse for each positive edge in the write

signal.

8. A write circuit as claimed in claim 6, wherein the ground current restriction means

includes a Schottky diode.

°. A write circuit (28) in a disc drive (18) for writing data to a magnetic disc (30) based
on a data signal (54) received by the write circuit, the data signal having positive and
negative going edges, the write circuit characterised by comprising:

delay means (72) for delaying the data signal and producing a delayed data signal;

a transition circuit (74), connected to the delay means, producing a transition voltage
based on the delayed data signal; |

H-switch control means (76), connected to the transition circuit, producing at least
one H-switch control signal based on the transition voltage;

an H-switch (78), connected to the H-switch control means, producing a write head
current based on the H-switch control signal,;

a magnetic write head (80), connected to the H-switch, producing a magnetic field
based on the write head current; and

a write assistance circuit, connected to the H-switch control means and the H-switch,
producing a write assistance voltage, the write assistance circuit including:

a capacitor (88) for providing voltage pulses to the H-switch;

charging means (84, 86), connected to the capacitor, for charging and discharging

the capacitor; and
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@ to remai n off When transistor @ turns on, 'tagﬁéﬁcﬁﬁﬁl@ﬁgﬁgéﬁr ?gge

r.esistor - nt flows through resistor

drop across res umw M’Iﬁ uses the voltage t he col |l ector
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Therefore, transistor QS |s of 1 Since trapsjstors QL and
both off, no current flows in the col | ector 20nd oyt “theEmtter—of
of these transistors. Wth no current flow through transistor QL tHere is
very little curr eﬁf°mﬂmn?m¢h%m@ns)(9ﬂk7coﬂmctsd tatheaapaditor and tagrouad, for
the collector_of .transis to be nearly at the supply voltage V[err].
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10. A write circuit as claimed in claim 9, wherein the charging means includes: _
one-shot means for providing a one-shot signal based on the data signal; and
a h&drpom assistance driver, connected to the one-shot means, for switching the

voltage on one side of the capacitor based on the one-shot signal.

11. A write circuit as claimed in claim 9 or 10, wherein the H-switch control means
includes:
voltage clamping means for clamping a vbltage across a portion of the H-switch to

maintain a greater voltage across the magnetic write head during switching.

12. A write circuit (28) in a disc drive (18) for feceiving a data signal (54) and writing
data represented by the data signal to a magnetic disc (30), the data signal having positive
and negative going edges, the write circuit characterised by comprising:

a delay circuit (72) for receiving the data signal, for delaying the data signal, and for
providing a delayed data signal; |

a transition circuit (74), connected to the delay circuit, for producing a voltage
.l:ransition based on the delayed data signal; |

H-switch control means (76), connected to the transition circuit, for prodﬁcing at
least one H-switch control signal based on the transition voltage;

an H-switch (78), connected to the H-switch control means, for producing a write
head current based_on the H-switch control signal;

a magnetic write head (80) connected to the H-switch, for producing a magnetic field
based on the write head current;
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transistor Q6, transistor Q@ is on. The c g both
transi stors Q4 and % on and transistors B and of f causes cyrfent to
flowinto the c of the enmitter o trahSiNQ\bﬂ%, rough
wite head 80, ﬂ ﬂﬂ Ine“ﬂﬂ Im IIN of transistor and out of the emtter

of transistor Q4* Thid cHrrént* flnaIIy passes thrjoug

90.

R6

resi stor
d. Zhe-sh j

One-shot 84 includes D flip-flop F2, capacitor C2, and resistor R10. D
flip-flop F2 a one-shot circuit (84) producing a one-shot signal based on the data signal;

a capacitor driver circuit (86), connected to the one-shot cucmt, for producing a
capacitor voltage based on the one-shot signal;

a headroom assistance capacitor, connected to the capacitor driver circuit, the H-
switch, and the H-switch control means, for providing additional switching voltage across
the magnetic head; and

ground current restriction means (90), connected to the headroom assistance
capacitor, the H-switch, the H-Switch control means and ground, for restricting current

flow from ground.

13. A write circuit as claimed in any one of claims 9 to 12, wherein the transition circuit
includes: |

a flip-flop (74), coupled to the delay circuit, producing a transition voltage on two
output lines with one line in a positive voltage state and the other line in a no voltage state,
the flip-flop switching the states of both lines for each positive going pulse in the delayed
data based on the delayed data signal.

14. A write circuit as claimed in any one of claims 9 to 13 wherein the one-shot circuit
includes:

a headroom assistance one-shot providing one pulse for each positive edge in the data
signal.

15. A write circuit as claimed in any one of claims 9 to 14, wherein the ground current .

restriction means includes a diode or a Schottky diode.
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has data input_D,_ clock input CK reset input R RggwanMEgLsﬂSETCI ock i nput
CK is connected to wite preconp circuit 26 ard|recei ves precpnmpensat ed
data 54. | nput mmmmﬂmm a logic highjvqgl t h8NOV 1986 plit [Q i s
connected to re 'margi ng swtch §6] Reset inputfR|is
connected to capacitort C# ahd resistor R10. Capacrior nas a first
side and a second side. The first side i 2xonndcted 1o resistorlRI0 and
reset input Rof Dflip-flop F2. The second side is connected to ground.
Resi stor Ri® had \&nwimrwni?f)eremwng@c\@m signab (547 having differing eolfagevghige ct ed

t t i f
o reset 1 iR Forci'eptesenting write data and providing differing magnetic (58) fields

corresponding to these differing voltage values, the differing magnetic fields having values
capable of magnetizing selectgd portions of a magnetic medium (30) positioned proximate
the write circuit, the write circuit characterized by comprising:

current switch control means (72, 74, 76) for receiving the write signal and for
providing a current switch control signal (104) having changes of voltagé values therein
based on the differing voltage values of the write signal;

a current switch (78) having a first terminal and a second terminal and being
responsive to the changes in voltage values of the current switch control signal to change
between a first mode and a second mode, the current switch providing a write head current
(106) having alternatively a first flow direction from the first terminal to the second terminal
when the current switch is operating in the first mode and a second flow direction from the
second terminal to the first terminal when the current switch is operating in the second
mode;

a magnetic write head (80) electrically coupled between the first and second
terminals of the current switch and responsive to the write head current to provide the
differing magnetic fields, the write head current establishing a voltage drop (108) at the
write head relative to a voltage at a reference node (83);

a capacitator (88) having a first terminal and a second terminal, the second terminal
being electrically coupled to the reference node; and

charging control means (84, 86) electrically coupled to the first terminal of the
capacitor for controlling charging and discharging of the capacitor based on the differing
voltage values of the write signal to provide voltage pulses to selectively change the voltage

of the reference node.
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17.  The write circuit of claim 16 wherein discharging the capacitor changes the voltage
at the reference node to increase the voltage drop at the write head relative to the voltage at
the reference node during the transitions between the first and second flow directions of the

write head current.

18.  The write circuit of claim 17 wherein the current switch has a resistive portion
having two terminals such that one of the terminals of the resistance portion is electrically
coupled to the reference node and wherein an increase in voltage drop across the two
terminals of the resistive portion reduces the increase of the voltage drop at the write head
relative to the voltage at the reference node during transitions between the first and second
flow directions of the write head current and wherein the write circuit further comprises:

voltage clamping means electrically coupled to thé current switch for stabilizing the
voltage drop across the two terminals of the resistive portion to allow a greater increase in
the voltage drop at the write he#d relative to the voltage at the reference node during

transitions between the first and second flow directions of the write head current.

19.  The write circuit of claim 16, 17 or 18 wherein the current switch control means
includes:

delay meané for delaying the write signal to produce a delayed write signal;

a flip-flop producing a transition signal which changes voltage states in response to a
selected change of voltage states of the delayed write signal;

voltage division means for dividing the transition signal to provide two current
switch control signals, each current switch control signal having changes in voltage values
based on the changes in voltage states of the transition signal and wherein the current switch
changes modes based on the changes in voltage values of the two current switch control

signals.
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ground current restriction means for restricting current flow between a ground node

and the reference node.

21.  The write circuit of claim 20 wherein the ground current restriction means includes a

Schottky diode.

22.  The write circuit of any one of claims 16 to 21 wherein a power supply supplies the
write circuit with a power supply voltage and wherein the charging control means includes:

one-shot means for providing a one-shot signal having a stable voltage state and a
pulse voltage state, the one-shot signal bhanging from the stable state to the pulse state based
on the differing voltage valués of the write signal, the one-shot signal staying on the pulse
state for a selected duration;

voltage switch means responsive to the one-shot signal to apply a capacitor voltage to
the first terminal of the capacitor, the value of the capacitor voltage being approximately at
the level of the power supply voltage when the one-shot signal is in the stable state, the
voltage switch changing the value of the capacitor voltage to a ground voltage level when

the one-shot signal changes to the pulse state.

23.  The write circuit of any one of claims 16 to 22 wherein a power supply supplies the
write circuit with a power supply voltage and wherein the write head has a first terminal and
a second terminal and wherein the current switch includes:
a first transistor having' a collector coupled to the power supply voltage and having
an emitter coupled to the first term_inal of the write head;
| a second transistor having a collector coupled to the second terminal of the write

head and having an emitter coupled to the reference node;
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Thus, one positive going pulse is created on ouththMgFMEQxPé}gﬁli [ i ve
edge in preconpensation-data-54.-—Fhe duration of Jthis pulse is

proportional to t const ant . 18 NOV 1996 f.
Charging Sw tch 8Em,'mm’a"%m 88, And o

Diode 90 In Detail* ¢ g switch 86 hasjan Tnput connectefl to the
output Qof Dflip-flop F2 and resistor RI2§ and én out put connectef to

| ar ge capacitor 88. Charg gi‘syvi tch 86 also has connections to thedpovver
supply V[err] an%i 1sto aving a collector coupled to the power supply voltage and having

an emitter coupled to the second términal of the write head;

a fourth transmitter having a collector coupled to the first terminal of the write head
and having an emitter coupled to the reference node; and

wherein when the current switch operates in the first mode, the write head current
flows from the emitter of the first transistor through the write head to the collector of the
second transistor and when the current switch operates in the second mode, the write head

current flows from the emitter of the third transistor through the write head to the collector

of the fourth transistor.
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Large capacitor 88 has a first side and a second side. The first side is

connected to the charging swwtch 86 and has a voltage referred to as the

capacitor voltage 112. The second side is connected to common reference 83

and diode 90. Diode 90 (which is preferably a Schottky di gerer~has_an anode

and a cathode. The cathode is connected to ground and the aﬁEﬂﬁlOEMENT SHE

connected to common reference 83 and | ar g&2 capacitor 88. ET
nd & NGV 986hds

in

g. Operation O Charging Switch 86, Large
Capaci tor 88 And Di ode 90 The one-shot signal fro
two states: pulse and non-pul se. In the non-pul se state,
swtch 86 keeps the capacitor voltage 112 near the power

ABSTRACT
ASSISTED LOW VOLTAGE WRITE CIRCUIT

A write circuit (28) in a magnetic disc drive (18) writes data to a magnetic disc (30)
based on a write signal received (54). The write circuit includes a magnetic write head (80),
an H-switch (78), and a headroom assistance circuit. The headroom assistance circuit
includes a voltage divider (R1-R4), a capacitor (88), and a charging circuit (84, 86, 90) for
charging and discharging the capacitor based on the write signals so that increased voltage
appears across the magnetic recording write head during switching of the current polarity by
the H-switch. |

Fig. 2.

i
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. supply voltage V[err]. When one-shot signal 110 switches to a pul se state,
charging switch 86 quickly reduces the capacitor voltage 112 to ground.
This causes |l arge capacitor 88 to drive the common reference 83 bel ow

gr ound. IdeaIIy, t he vol tage at conmon ieference 83 is
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14 pull ed down, below its nom nal potential, by an anount equal to the
entire capacitor voltage change (i.e., the power supply voltage). However,
tthe resistance of charging switch 86 and |arge capacitor ' ' .
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capacitor 88 to reset common reference 83 to its nom nal value of Vferr].
Since the input signal to the Hswitch 78 is delayed by delay 72, the
descri bed vol tage change at common reference 83, begins just lefgr inhp \
transition of current in the H switch. This allows Hsw tch{¥8it qi)rb\/Ndé
a larger voltage across the wite head3during wite current transitions,

whi ch reduces\t €l ae of the wite current. This all ows
conputers to s‘gﬁ’ (QUW 'S@EETE power supplies, which decreases total power
consunption, ang permts the yeplizationgf smaller conputers. FI G
4 shows the pleflert@MNOWAB nent of the ﬁ\i\te circuit 28 shown in FIG 2.
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This wite circuit operates in the same manner as the circuit in FIG 3,
except that the H switch controller 76 uses two voltage dividers to
control the Hswitch 78, with one of the voltage dividers being clanped.
The first voltage divider in Hswitch coptroller 76 is the as the
divider found in FIG 3. The only difference in FIG 4 is
I's now only connected to diode D2 and the base of transi st
addition, resistor R2 is only coupled to diode D1 and the
transistor QL. This neans that the resistar paitsRL,-R3 apd/R218mNpp
control the Hswtch biasing t&gF&nstors Q aa@ CQ
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and “R16, and di odes D3, D4, D5, and D6. Resi stor R15 is connected

to the Qoutput of flip-flop 74, diode D3 andglen SRO’ . gRe#st or 6 is
connected to diode D5, resistor R13 and the |9%@)6p f |+=o-fY op
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VOLTAGE WRITE CIRCUIT

The present invention relates to a write circuit for a disc drive. More particularly, the
present invention relates to a headroom assistance circuit for an H-switch in a write circuit.

A magnetic disc, for use in a computer disc drive, is a flat circular platter with a
magnetic surface on which data can be stored by selective polarization of portions of the
magnetic surface. The presence or absence of polarity transitions between the polarized
portions represents particular binary values. The magnetic surface of the disc may be
magnetized permanently with north/south or south/north orientation by applying a magnetic
field near the disc. '

In a disc drive, the magnetic field for magnetizing the disc is created by a miniature
horseshoe magnet which is suspended above the magnetically coated disc. The horseshoe
magnet consists of a magnetic material surrounded by a conduétive coil. The magnetic field
is created by passing a current through the coil. The direction of the magnetic field is
determined by the direction of the current through the coil. Thus, by changing the direction
of the current through the coil, the host system can change the orientation of the magnetic

~ field stored on the disc.

The density of the data stored on the disc is affected by how quickly the host system

can change the direction of the current through the coil. Since the coil is basically an

inductor, the rate of change of ihe current is approximated by the following equation:

vV = Ld
dt
or
d = ¥
dt L
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15 74.

Diode D3, is connected to resistors R15 and R11[and di ode D4.
D4 is connected to comon reference 83 and di ode D3.f b oglg |1§99:om
to resistors R16 and R13 and diode D6. Diode D6 is qonected to com
reference 83 and diode D5. Resistor R11 is connected to-reststors—F
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R12, diode D3 and the base of transistod (B. Resistod R12

Where V is the voltage across the coil, L is the inductance of the coil, and di/dt is the rate of
change of current through the coil with respect to time. Thus, it can be seen that the rate of
change of current through the coil is dependent on the Voltage across the coil.

The current through the coil and the voltage across the coil are typically controlled
by an H-switch connected to the magnetic write head. The H-switch consists of four
transistors and various bias resistors. The transistors and resistors are balanced around the
magnetic write head such that one transistor’s emitter and another’s collector are connected
on each side of the magnetic write head. Depending upon the voltage applied to the H-
switch, current flows from the emitter of one transistor through the magnetic write head and
into the collector of another transistor on the opposite side of the magnetic write head.
‘When the voltage applied to the H-switch is reversed, the current flows through a different
pair of transistors in the opposite direction through the magnetic write head. The amount of
voltage which can be.'placed across the magrietic write head is determined by the voltage
supply available to the H-switch.

Present desktop computers provide a 5 volt supply which is sufficient to maintain a
quick rate of change for the write head current. However, portable computers require write
circuits which use lower voltages. When lower voltage supplies are used with present H-
switch technology, the time needed for current changes (tise time) is greater, which
degrades overwrite performance at higher data rates. Thus, the performance of computers is
restricted by current H-switch technology.

A conventional H-bridge configuration is disclosed in e.g. IBM TDB, April 1981,
Vol. 24, Nr. 11, on pages 5167-5168, PATENT ABSTRACTS OF JAPAN vol. 12, no. 173
(P-706)(3020) 24 May 1988, PATENT ABSTRACTS OF JAPAN vol. 13, no. 73 (P-830)
20 February 1989 or PATENT ABSTRACTS OF JAPAN vol. 15, no. 466 (P-1280) 26
November 1991.

A write circuit according to the invention is contained in claim 1.

Accordingly, the present invention is directed to a write circuit for a magnetic disc
drive. The write circuit writes data to a magnetic disc based on a write signal received from
the host system. The write circuit contains a magnetic recording write head, an H-switch,
and a headroom assistance circuit. The headroom assistance circuit assists the H-switch in
switching the current polarity through the magnetic recording write head. The headroom
assistance circuit includes a voltage divider, a capacitor, and a charging circuit. The



is connected to conmmen reference 83, resistor R11 qquhbmgﬂng?

transi stor (@@. Resi stor R13 is connected } op+eststots and R14,
di ode D5 and the base of transistor Q4. Resistor}| RL4 Iri connectgd fto
common reference 83, resistor R13 and the base of r d MﬁYo

h. qOération O The d anped Vol tage Divider The cl armed Vol t age

divider is a balanced device so that the i3nteracty on and operation | of
resistors R15, R11, R12, and di odes D3 and D4 arelthe—sanp-as-the |
i nt eracti (ﬁhagmg circuit rapxdly changes the voltage on one side of the capacitor. Since the voltage

across the capacitor changes slowly, this causes the voltage on the opposite side of the
capacitor to be changed likewise. The voltage change on the opposite side of the capacitor
is used by the H-switch to cause a greater voltage to appeér across the recordihg write head
during write current transitions.
Embodiments of the present invention will now be described with reference to the
accompanying drawings, of which:
FIG. 1 is a block diagram of a write system of a disc drive;

FIG. 2 is a more detailed block diagram of a write circuit used in the system of FIG.

FIG. 3 is a circuit diagram of a write circuit used in the system of FIG. 1; and

FIG. 4 is also a circuit diagram of a write circuit used in the system of FIG. 1.

| 1 erview

FIG. 1 is a block diagram of a write system used in a disc drive. Write system 18
contains host 20, controller 22, encoder 24, write precomp circuit 26, write circuit 28, and
magnetic disc 30. Host 20 is coupled to controller 22 and provides clock signal 42 and
write data 44. Write data 44 is the binary data to be written to magnetic disc 30.

Controller 22 is coupled to host 20 and encoder 24. Controller 22 receives write
data 44 and clock 42 from host 20 and outputs controller data 46 and clock 45 to encoder
24. Controller 22 performs all functions necessary to receive data from host 20.

Encoder 24 is coupled to controller 22 and write precomp circuit 26. Encoder 24
receives controller data 46 and clock 45 from controller 22 and outputs encoded data 50 and
clock 49 to write precomp circuit 26.

Write precomp circuit 26 is coupled to encoder 24 and write circuit 28. Write
precomp circuit 26 receives encoded data 50 and clock signal 49 from encoder 24 and

outputs precompensated data 54 to write circuit 28. Write precomp circuit 26 shifts pulses in
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dependent transition shifting.

Write circuit 28 is coupled to write precomp circuit 26 and is proximate magnetic
disc 30. Write circuit 28 receives precémpensated data 54 from write precomp circuit 26
and outputs magnetic field 58. Magnetic field 58 writes magnetic transitions on disc 30
which are indicative of the data to be stored on disc 30. Write circuit 28 changes the
polarity of magnetic field 58 for each positive going edge in precompensated data 54.

Magnetic disc 30 is proximate write circuit 28. A small portion of magnetic disc 30
resides within magnetic field 58 and is magnetized to the orientation of magnetic field 58.
Magnetic disc 30 rotates relative to write circuit 28. This causes different portions of
magnetic disc 30 to be in the proximity of write circuit 28 at different times. Changes in the
orientation of magnetic field 58 causes different portions of magnetic disc 30 to have
different magnetic orientations. These transitions in magnetic orientation on magnetic disc
30 represent data written to the disc.

2, Write Circuit 2

FIG. 2 is a more detailed block diagram of write circuit 28 of FIG. 1. Write circuit
28 comprises delay 72, flip-flop 74, H-switch controller 76, H-switch 78, write head 80,
one-shot 84, charging switch 86, large capacitor 88, and diode 90.

Delay 72 is coupled to write precomp circuit 26 of FIG. 1, one-shot 84 and flip-flop
74. Delay 72 receives precompensated data 54 and outputs delayed data signal 100 to flip-
ﬂop 74. Delay 72 delays the positive edges of precompensated data 54 to properly time the
switching of large capacitor 88 with the switching of the H-switch 78. This will be
explained in greater detail later in the specification.

Flip-flop 74 is coupled to delay 72 and H-switch controller 76. Flip-flop 74 receives
delayed data 100 from delay 72 and outputs flip-flop output 102 to H-switch controller 76.



This can be seen fromthe fact that, because resis cﬁEPhﬁClEM@ToﬁﬂEEtThi rd of
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voltage of one diode on-voltage across the base-epitter junction of
transi stor B3, that forces the voltage across resistor R6 to be one half

of a di odepppLfiop!M4PEeated Nipsflap oAU 1B by fhreing @ digital kigakl with a transition for each
positive going transition in delayed data signal 100.

H-switch controller 76 is coupled to flip-flop 74, H-switch 78, and common
reference 83. H-switch controller 76 receives flip-flop output 102 from flip-flop 74 and
provides differential input voltage signal 104 to H-switch 78. H-switch controller 76
prdduces differential input voltage signal 104 by dividing the voltage of flip-flop output 102.
Also, the common mode voltage of di_fferential input voltage signal 104 is affected by
common reference 83. This allows common reference 83 to control the biasing of H-switch
78.

H-switch 78 is connected to H-switch controller 76, write head 80, and common
reference 83. H-switch 78 receives differential input voltage signal 104 from H-switch
controller 76 and provides write head voltage 108 and write head current 106 to write head
80. H-switch 78 produces write head voltage 108 and write head current 106 based on
differential input voltage signal 104. The polarity of the differential input voltage signal 104
determines the polarity of write head voltage 108 and the direction of write head current
106.

Write head 80 is connected to H-switch 78 and is proximate magnetic disc 30 of
FIG. 1. Write head 80 receives write head voltage 108 and write head current 106 from H-
switch 78 and produces magnetic field 58. Magnetic field 58 is proportional to write head
current 106. Magnetic field 58 is used to magnetize portions of magnetic disc 30 of FIG. 1.

One-shot 84 is connected to write precomp circuit 26 of FIG. 1, delay 72, and
charging switch 86. Oﬁe—shot 84 receives precompensated data 54 from write precomp
circuit 26 and provides one-shot signal 110 to charging switch 86. One-shot signal 110
contains one pulse for each positive going transition in precompensated data 54.

Charging switch 86 is connected to one-shot 84 and large capacitor 88. Charging

switch 86 receives one-shot signal 110 from one-shot 84 and provides capacitor voltage
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signal 112 for large capacitor 88. For each pulse receive&'ff&m one-shot 84, charging

switch 86 quickly changes. capacitor voltage 112 from the supply voltage to ground.

Large capacitor 88 is connected to charging switch 86 and common reference 83. In
steady state, common reference 83 is at a positive reference potential equal to the diode on-
voltage across diode 90. When capacitor voltage 112 changes from tﬁe supply voltage to
ground, common reference 83 is driven substantially below ground, until current flowing
from H-switch 78 to common reference 83 has accumulated significant charge in large
capacitor 88. Id&lly, the voltage at common reference 83 is pulled down, below its
nominal potential, by an amount equal to the power supply voltage. However, the resistance
of the charging switch 86 and the large capacitor 88 will typically reduce the actual voltage
change measured at common reference 83.

Diode 90 is connected to common reference 83 and ground. Diode 90 blocks the
flow of current from ground into common reference 83. This assures that when capacitor
voltage 112 changes from the supply voltage to ground, the current drawn to large capacitor
88 does not come from ground, but rather from the H-switch controller 76 and the H-switch
78.

As shown by this description, the present invention uses one-shot 84, delay 72,
charging switch 86, large capacitor 88, diode 90, and H-switch controller 76 to develop a
larger voltage drop across the magnetic write head at transition. This voltage drop is created
when the buffered one-shot, one-shot 84 together with charging switch 86, drives the
capacitor voltage on capacitor 88 from the supply voltage to ground and thereby drives the
common reference 83 below ground. The use of the large capacitor 88 to give a momentary
increase in voltage across the magnetic write head 80 allows lower voltage power supplies to
be used in disc drives while maintaining the switching time of the write current in the

magnetic write head.
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157 mere detaldedbeirquit dingrany ofiwritescirqudt 28 in the system of FIGs. 1

Flip-flop 74 is a D flip-flop and has data input D, output Q, inverse output , and
clock input CK. Data input D is connected to inverse output '6 and clock input CK is

connected to the output of delay 72. Clock input CK receives delayed data signal 100 from
delay 72. Inverse output 6 is connected to data input D and H-switch controller 76.

Output Q is connected to H-switch controller 76.

Delay 72 delays the precompensated data 54 to flip-flop 74. D flip-flop 74 uses the

delayed data signal 100 as its clock signal. A positive goihg transition in the clock signal

will cause the output Q to switch to the value at data input D. The two possible values for
output Q and inverse output E are a logical high voltage, VQ, and a logical low voltage,

nearly zero. In addition, output Q and inverse output —6 are never the same value. Since

data input D is connected to the inverse output —Q—, the value at data input D just before

transition will always be the opposite of output Q. Thus, each time the clock input CK

receives a positive going pulse, output Q switches to it complimentary value. Therefore,

every transition in output Q represents a positive going pulse in precompensated
b. H-switch controller 76, H-switch 78, and
Write head 80 In Detail

H-switch controller 76 includes resistors R1 and R2, diodes D1 and D2, and resistors

data 54.

R3 and R4. H-switch 78 includes resistors RS, R6, R7, R8 and transistors Q1, Q2, Q3,

Q4, Q5, and Q6.

Resistor R1 of H-switch controller 76 has a first side and a second side.

The first

side is connected to inverse output —Q— of flip flop 74. The second side is connected to the

d
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second side is connected to the anode of diode D1, and the bases of transistors Q1 and Q3 of
H-switch 78. Diode D1 ha§ an anode and a cathode. The anode is connected to resistor R2
and the bases of transistors Q1 and Q3. The cathode is connected to resistor R4. Diode D2
has an anode and a cathode. The anode is connected to resistor R1 and the bases of
transistors Q2 and Q4. The cathode of diode D2 is connected to resistor R3. Resistor R4
has a first side and a second. The first side is connected to the cathode of diode D1. The
second side is connected to common reference 83. Resistor R3 has a first and a second side.
The first side is connected to the cathode of diode D2. The second side is connected to
common reference 83.

Resistors R1 and R2 have identical resistances. Resistors R3 and R4 also have
identical resistances although probably different from resistors R1 and R2.

Resistor R7 has a first side and a second side. The first side is connected to power
supply Vs. The second side is connected to the base of transistor Q6 and the collector of
transistor Q1. Transistor Q6 has a base, a collector and an emitter. The base of transistor
Q6 is connected to resistor R7 and the collector of transistor Q1. The collector is connected
to power supply Vg and the emitter is connected to write head 80 and the collector of
transistor Q3.

Resistor RS has a first side and a second side. The first side is connected to power
supply Vg. The second side is connected to the base of transistor Q5 and the collector of
transistor Q2. Transistér Q5 has a base, a collector and an emitter. The base is connected
to resistor R8 and the collector of transistor Q2. The collector is connected to power supply
Vg and the emitter is connected to write head 80 and the collector of transistor Q4.

Transistor Q1 has a base, a collector and an emitter. The base is connected to the

base of Q3, the anode of diode D1 and resistor R2. The collector is connected to resistor
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of transistor Q2.

Transistor Q3 has a base, a collector and an emitter. The base is connected to the
base of transistor Q1, the anode of diode D1 and resistor R2. The collector is connected to
the emitter of transistor Q6 and write head 80, and the emitter is connected to the emitter of
transistor Q4 and resistor R6.

Transistor Q2 has a base, a collector and an emitter. The base is connected to the
base of transistor Q4, the anode of diode D2, and the resistor R1. The collector is
connected to resistor R8 and the base of transistor Q5 and the emitter is connected to resistor
RS and the emitter of transistor Q1.

Transistor Q4 has a base, a collector and an emitter. The base is connected to the
base of transistor Q2, the anode of diode D2, and resistor R1. The collector is connected to
write head 80 and the emitter of tran_sistor QS. The emitter is connected to the emitter of
transistor Q3 and resistor R6.

Resistor RS has a first side and a second side. The first side is connected to the
emitters of transistors Q1 and Q2. The second side is connected to common reference 83.

Write head 80 has a first side and a second side. The first side is connected to the
emitter of transistor Q6 and the collector of transistor Q3. The second side is connected to
the emitter of transistor QS5 and the collector of transistor Q4. The resistance of write head
80 is represented by resistor R9 and its inductance is represented by inductor L1

Resistor R6 has a first side and a second side. The first side is connected to the
emitters of transistors Q3 and Q4. The second side is connected to common reference 83.

H-switch 7 Write h

The resistor pairs R1, R3 and R2, R4 act as a voltage divider to divide the voltage

provided between the output 102 of flip flop 74 and common reference 83. Diodes D1 and
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D2 each provide one diode on-voltage when current is flowing through them, which is

intended to match the individual base-emitter on-voltages of transistors Q1, Q2, Q3, and
Q4. The divided voltage is provided as the differential voltage input signal 104 to H-switch
78.

Resistor pairs Ri, R3 and R2, R4 are chosen such that the voltage across resistor R6
in H-switch 78, in steady state, is above a minimum voltage VMIN. This value is typically
around .35 volts. This minimum voltage reduces current variations through the write head
80 due to temperature changes.

Depending on whether Q is in a logic high state or inverse output Q is in a logic
high state, significant current will flow through either resistors R2 and R4, diode D1, and
transistor Q3 or through resistofs Rl and R3, diode D2 and transistor Q4, but not through
both sets of circuit elements simultaneously. Depending on which set of elements is
conducting current, the voltage drop across the base emitter junction of Q3 or Q4, is
approximately equal to the diode on-voltage across diode D1 or diode D2. Thus, the
voltage across resistor R3 or R4 is approximately equal to the voltage across resistor R6.
Therefore, to ensure that the voltage across resistor R6 is at or above VN, resistor pairs
R1, R3 and R2, R4 should be chosen such that the steady state on-voltage across resistors
R3 and R4 is at or above VqrN. Since the ratios of resistor R1 to resistor R3 and resistor
R2 to R4 are equal to the ratio of the on-voltage across r_esistor R1 to the on-voltage across
resistor R3, the values for resistors R1, R3 and R2, R4 are chosen from the folloWing

equation:

Rl R2 VQ-VD-V90-VMIN

R3 R4 VMIN
Where: |
VQ equals the high voltage from flip flop 74;
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magnetic recording wite head (80); an Hswitch tho
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VD equals the on-voltage across diode D1 (or D2);

Vg equals the voltage drop across diode 90; and

VMIN is the minimum voltage needed across resistor R6.

In the preferred embodiment, the resistance of resistor R1 is equal to thé resistance
of resistor R2, and the resistance of resistor R3 is equal to the resistance of resistor R4.

When output Q of flip flop 74 is at Vg, inverse output —Q-is close to zero. The
voltage at the anode of diode D1 is substantially greater than zero, and the voltage at the
anode of diode D2 is cldse to zero. The voltage at the anode of diode D1 causes transistors
Q1 and Q3 to turn on. A lack of positive voltage at the anode of diode D2 causes transistors
Q2 and Q4 to remain off. When transistor Q1 turns on, it draws current through resistor R7.
The current flows through resistor R7 and causes a voltage drop across resistor R7. This
causes the voltage at the collector of transistor Q1 to drop below the voltage needed to turn
on transistor Q6. Therefore, transistor Q6 is off.

Since transistors Q2 and Q4 are both off, no current flows into the collector and out
the emitter of either of these transistors. With no current flow through transistor Q2 there is
very little current flow through resistor R8. This causes the voltage at the collector of
transistor Q2 to be nearly at the voltage supply Vg. Since this voltage is at the base of
transistor Q3, transistor QS is on.
| The combination of having both transistors Q3 and Q5 on and transistors Q4 and Q6
off causes current to flow into the collector and out of the emitter of transistor QS5, through
write head 80, into the collector of transistor Q3 and out of the emitter of transistor Q3.
This current finally passes through resistor R6 and diode 90.

‘When output Q of flip flop 74 is nearly zero, inverse output Q is at V(Q, the voltage
at the anode of diode D2 is substantially greater than zero, and the voltage at the anode of
diode D1 is close to zero. The voltage at the anode of diode D2 causes transistors Q2 and
Q4 to turn on. A lack of positive voltage at the anode of diode D1 causes transistors Q1 and
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signal to increase the voltage appearing across the magnetic recording

wri t e headurtent fiows through resistof R8andocansesra voltage krop/adrpsst sesistar RA. t This causes
the voltage at the collector of transistor Q2 to drop below the voltage needed to turn on
transistor QS. .Therefore, transistor Q5 is off.

Since transistors Q1 and Q3 are both off, no current flows in the collector and out
the emitter of either of these transistors. With no current flow through transistor Q1 there is
very little current flow through resistor R7. This causes the voltage at the collector of
transistor Q1 to be nearly at the supply voltage Vg. Since this voltage is at the base of
transistor Q6, transistor Q6 is on.

The combination of having both transistors Q4 and Q6 on and transistors Q3 and Q5
off causes current to flow into the collector and out of the emitter of transistor Q6, through
write head 80, into the collector of transistor Q4 and out of the emitter of transistor Q4.
This current finally passes through resistor R6 and diode 90.

d._One-shot 84 In Detail

One-shot 84 includes D flip-flop F2, capacitor C2, and resistor R10. D flip-flop F2
has data input D, clock input CK, reset input R, and output Q. Clock input CK is connected
to write precomp circuit 26 and receives precompensated data 54. Input D is connected to a
logic high voltage H. Output Q is connected to resistor R10 and charging switch 86. Reset
input R is connected to capacitor C2 and resistor R10. _

Capacitor C2 has a first side and a second side. The first side is connected to
resistor R10 and reset input R of D flip-flop F2. The second side is connected to ground.
Resistor R10 has a first side and second side. The first side is connected to reset input R of
D flip-flop F2 and capacitor C2. The second side is connected to output Q of D flip-flop F2
and charging switch 86. |

A T e W IE
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translated wite signal; and

A pulse in precompensated data 54 is received by clock input CK of D flip-flop F2.
The pulse enables flip-flop F2 and output Q switches to the logic high voltage value of input
D. Reset input R attempts to change to a digital value of one (a logic high), but is hindered
by resistor R10 and capacitor C2. When reset input R does reach a digital value of one,
flip-flop F2 is reset, and output Q switches to a digital value of zero.

Thus, one positive going pulse is created on output Q for each positive edge in
precompensation data 54. The duration of this pulse is proportional to the (R10 * C2) time
constant.

f. Chargin itch itor 88, An
Di In Detail

Charging switch 86 has an input connected to the output Q of D flip-flop F2 and
resistor R10, and an output connected to large capacitor 88. Charging switch 86 also has
connections to the power supply Vg and ground.

Large capacitor 88 has a first side and a second side. The first side is connected to
the charging switch 86 and has a voltage referred to as the capacitor voltage 112. The
second side is connected to common reference 83 and diode 90. Diode 90 (which is
preferably a Schottky diode) has an anode and a cathode. The cathode is connected to
ground and the anode is connected to common reference 83 and large capacitor 88.

ion harging Switch
Capacitor 88 And Diode 90

The one-shot s1gna1 from one-shot 84 has two states: pulse and non-pulse. In the
non-pulse state, the charging switch 86 keeps the éapacitor voltage 112 near the powér
supply voltage V5. When one-shot signal 110 switches to a pulse state, charging switch 86
quickly reduces the capacitor voltage 112 to ground. This causes large capacitor 88 to drive

the common reference 83 below ground. Ideally, the voltage at common reference 83 is
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pulled down, below its nominal potential, by an amount equal to the entire capacitor voltage
change (i.e., the power supply voltage). However, the resistance of charging switch 86 and
large capacitor 88 will typically reduce the actual voltage chénge measured at common
reference 83.

‘When one-shot signal 110 switches back to a non-pulse state, the charging switch 86
quickly resets the capacitor voltage 112 to close to the supply voltage Vs. This causes large
capacitor 88 to reset common reference 83 to its nominal value of Vgo.

Since the input signal to the H-switch 78 is delayed by delay 72, the described
voltage change at common reference 83, begins just before the transition of current in the H-
switch. This allows H-switch 78 to provide a larger voltage across the write head during
write current transitions, which reduces the switching time of the write current. This allows
computers to use lower voltage power supplies, which decreases total power consumption,
and permits the realization of smaller computers.

FIG. 4 shows the preferred embodiment of the write circuit 28 shown in FIG. 2.
This write circuit operates in the same manner as the circuit in FIG. 3, except that the H-
switch controller 76 uses two voltage dividers to control the H-switch 78, with one of the
voltage dividers being clamped.

The first voltage divider in H-switch controller 76 is the same as the divider found in
FIG. 3. The only difference in FIG. 4 is that resistor R1 is now only connected to diode D2
and the base of transistor Q2. In addition, resistor R2 is only coupled to diode D1 and the
base of transistor Q1. This means that the resistor pairs R1, R3 and R2, R4 only control the
H-switch biasing transistors Q1 and Q2.

The new clamped voltage divider consists of resistors R11, R12, R13, R14, R15,
and R16, and diodes D3, D4, D5, and D6.

Resistor R15 is connected to the Q output of flip-flop 74, diode D3 and resistor R11.
Resistor R16 is connected to diode DS, resistor R13 and the inverse output Q of flip-flop
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to common reference 83 and diode D3. Diode D5 is connected to resistors R16 and R13

and diode D6. Diode D6 is connected to common reference 83 and diode D5. Resistor R11

is connected to resistors R15 and R12, diode D3 and the base of transistor Q3. Resistor R12
is connected to common reference 83, r_esistor R11 and the base of transistor Q3.

Resistor R13 is connected to resistors R16 and R14, diode D5 and the base of
transistor Q4. Resistor R14 is connected to common reference 83, resistor R13 and the base
of transistor Q4.

h ti f The Clamped Voltage Divider

The clamped voltage divider is a balanced device so that the interaction and operation
of resistors R15, R11, R12, and diodes D3 and D4 are the same as the interaction and
operation of resistors R16, R13, R14, and diodes D5 and D6. Therefore, only the operation
of resistors R15, R12, R11, and diodes D3 and D4 will be described.

Resistor R12 is chésen such that its resistance is equal to the resistance of resistor
R15. Resistor R11 is chosen such that its resistance is one third the resistance of resistor
R15. This relationship causes the voltage across R6 to remain at a nearly constant value of
one half of the individual diode on-voltage associated with diodes D3, D4, D5, and Dé.
This can be seen from the fact that, because resistor R11 is one third of the value of resistor
R12, and because there are a total of two diode on-voltages across resistors R11 and R12,
resistor R11 will have a voltage of 1/2 of a diode on-voltage across it and resistor R12 will
have a voltage of 1 1/2 diode on-voltages across it. Assuming that there is a voltage of one
diode on-voltage across the base-emitter junction of transistor Q3, that forces the voltage
across resistor R6 to be one half of a diode on-voltage. This arrangement operates so that
the voltage across resistor R6 is not dependant on the voltage of common reference 83, as it

was for the circuit in FIG. 3.
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restriction neans (90), connected to_the capacitor, for

common reference 83 also appears across resistor R3 or R4, which dlrectly increases the
voltage across both resistors RS and R6. The increased voltage across resistor RS increases
the voltage swing at the bases of transistors Q5 and Q6, which would otherwise directly
limit the switching voltage applied across write head 80. However, the increased voltage
across resistor R6 reduces the H-switch headroom directly, and increases the magnitude of
the write current, slightly before, during, and slightly after each write current transition.
This write current increase does not provide performance benefits, but reduces the
effectiveness of large mﬁacitor 88 by charging it faster than necessary. Thus, not all of the
voltage change from switching capacitor 88 is actually applied across write head 80.

However, the clamped voltage divider shown in FIG. 4 does not allow the voltage
across resistor R6 to increase. Rather, it remains nearly constant at approximately one half
of a diode on-voltage. Thus, the entire voltage change caused by switching capacitor 88, at
common reference 83, is applied across write head 80. This further increases the
performance of the capacitor assisted low voltage write circuit.

CONCLUSION

The present invention develops an increased voltage across the magnetic write head
during a transition in the write current signal applied to the write head. This increased
voltage is created by switching a capacitor voltage so that the common reference voltage of
the circuit is momentarily driven below ground. This momentary increase in voltage across
the magnetic write head allows the disc drive system to use a lower voltage power supply,
while maintaining the sﬁtching time of the write current in the magnetic write head. Using
lower voltage supplies séves space, power, and money.

Although the present invention has been described with reference to preferred
embodiments, persons skilled in the art will recognise that changes may be made in form

and detail without departing from the scope of the present invention.
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1. A write circuit (28) in a magnetic disc drive (18) for receiving a write signal
(54) and for writing data based on the write signal to a magnetic disc (30), the write
circuit comprising:

a magnetic recording write head (80);

an H-switch (78), connected to the magnetic recording write head for
switching current polarity through the magnetic recording write head based on the
write signal; and
characterised by

a headroom assistance circuit, connected to the H-switch, for assisting the H-
switch in switching the current polarity through the magnetic recording write head, the
headroom assistance circuit, comprising: |

a voltage divider (R1-R4) connected to the H-switch for controlling the
.voltage across the magnetic recording write head based on the write signal;

a capacitor (88) for connecting a common reference node (83) of the voltage
divider and the H-switch with charging (84, 86, 90) means for charging and
discharging the capacitor, based on the write signal to increase the voltage appearing
across the magnetic recording write head during switching of the current polarity by
the H-switch.

2. A write circuit as claimed in claim 1 , wherein the H-switch includes:

write head current driver means connected to the magnetic recording write
head, for driving current through the magnetic recording write head; and

write head current control means connected to the write head current driver

means, for controlling current through the magnetic recording write head.

3. A write circuit as claimed in claim 1 or 2, wherein the voltage divider

includes:
write signal translator means (72, 74) for translating the write signal and

producing a translated write signal; and
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divisional means (R;-R4) connected to the write signal translator means and
the H-switch, for dividing the translated write signal to control the voltage across the
magnetic recording write head, and to reduce current variations in the magnetic

recording write head when the H-switch is not being switched.

4, A write circuit as claimed in claim 3, wherein the divisional means includes:

voltage clamping means (D), D;) for clamping a voltage across a portion of the
H-switch at a fixed level so a greater portion of the increased voltage is applied across
the magnetic recording write head during switching.

5. A write circuit as claimed in claim 3, wherein the write signal translator means

includes:
delay means (72) for delaying the write signal and producing a delayed write
signal; and a flip-flop (74) connected to the delay means, producing a translated write

signal in response to the delayed write signal.

6. A write circuit as claimed in any of the preceding claims, wherein the charging
means includes:

one-shot means (84) for providing a one-shot signal based on the write signal;

a switch (86) connected to the one-shot means and the capacitor, for switching
voltage on one side of the capacitor based on the one-shot signal; and

ground current restriction means (90), connected to the capacitor, for

restricting current flow from ground.

7. A write circuit as claimed in claim 6, wherein the one-shot means includes:
a write assistance one-shot for providing one pulse for each positive edge in

the write signal.

8. A write circuit as claimed in claim 6, wherein the ground current restriction

means includes a Schottky diode.
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10. A write circuit (28) as claimed in any of the preceding claims, in which

said H-switch (78) has a first terminal and a second terminal and being
responsive to the changes in voltage values to change between a first mode and a
second .mode, the H-switch providing a write head current (106) having alternatively a
first flow direction from the first terminal to the second terminal when the H-switch is
operating in the first mode and a second flow direction from the second terminal to the
first terminal when the H-switch is operating in the second mode;

the magnetic write head (80) is electrically coupled between the first and
second terminals of the H-switch and responsive to the write head current to provide
the differing magnetic fields, the write head current establishing a voltage drop (108)
at the write head relative to a voltage at a reference node(83);

the capacitor (88) has a first terminal and a second terminal, the second
terminal being electrically coupled to the reference node; and

the charging control means (84, 86) electrically coupled to the first terminal of
the capacitor for controlling charging and discharging of the capacitor based on the
differing voltage values of the write signal to provide voltage pulses to selectively

change the voltage of the reference node.

11. A write circuit as claimed in claim 10 wherein discharging the capacitor
changes the voltage at the reference node to increase the voltage drop at the write head
relative to the voltage at the reference node during the transitions between the first and

second flow directions of the write head current.

12. A write circuit as claimed in claim 11 wherein the H-switch has a resistive
portion having two terminals such that one of the terminals of the resistance portion is
electrically coupled to the reference node and wherein an increase in voltage drop

across the two terminals of the resistive portion reduces the increase of the voltage
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voltage drop across the two terminals of the resistive portion to allow a greater

increase in the voltage drop at the write head relative to the voltage at the reference
node during transitions between the first and second flow directions of the write head

current.

13. A write circuit as claimed in any one of the preceding claims when dependent
upon claim 6 wherein a power supply supplies the write circuit with a power supply
voltage and wherein:

the one-shot means provides a one-shot signal having a stable voltage state and
a pulse voltage state, the one-shot signal changing from the stable state to the pulse
state based on the differing voltage values of the write signal, the one-shot signal
staying on the pulse state for a selected duration; and

the voltage switch (86) is responsive to the one-shot signal to apply a capacitor
voltage to the first terminal of the capacitor, the value of the capacitor voltage being
approximately at the level of the power supply voltage when the one-shot signal is in
the stable state, the voltage switch changing the value of the capacitor voltage to a

ground voltage level ‘when the one-shot signal changes to the pulse state.
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ABSTRACT

ASSISTED LOW VOLTAGE WRITE CIRCUIT

A write circuit (28) in a magnetic disc drive (18) writes data to a magnetic disc (30)

based on a write signal received (54). The write circuit includes a magnetic write head (80),

an H-switch (78), and a headroom assistance circuit. The headroom assistance circuit

includes a voltage divider (R1-R4), a capacitor (88), and a charging circuit (84, 86, 90) for

charging and discharging the capacitor based on the write signals so that increased voltage

appears across the magnetic recording write head during switching of the current polarity by

the H-switch.

Fig. 2.
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approximately at the level of the power supply voltage when the one-shot
signal is in the stable state, the voltage switch changi ng the value of the
capacitor voltage to a ground voltage | evel when the one-shot signal
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REPLACEMENT SHEET
13 MAY 1999
R
R
2 S |
&1
£ |8

[

|

- o l
Lo__1L B

SEs T °

[——z‘—--- . N

| (14

]

|

RI
D2

3
5;3
!_______7_1 '
COMMON -
REFERENCE
e

FLIP-FLOP
Q]

DELAY

ATE
ATA
54



13 MAY 1999

REPLACEMENT SHEET |

“\

2l
FNLIoN &
OLIW 98 OM T2
8 / L
=N HOLIMS o
I ONISYVHO g
1 = 3 _
L 2 . “lows-3no A

4/4

| "HoLims-H
o i ]
=== T ] vS
O- <« Av13Q
205 | h —= I
7 1°_ g o 2L _
20l L
dO4-did



