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A LOW BIAS VOLTAGE WRITE DRIVER
BACKGR N
1.  FIELD OF THE INVENTION

This invention relates to the field of write drivers used to operate

inductive recording heads for magnetic recording.

2. B R D _ART

In disk drives write driver heads are positioned very close to the
magnetic recording disk. The reduced separation between write driver heads
and magnetic recording media in high capacity magnetic recording systems
has made arcing from write heads to the media a significant limitation on the
mean time to failure of write heads. To maximize performance and write
head reliability write heads should be positioned close to the disk while

protecting against arcing. To better understand this problem it is important to
understand the following background.

Magnetic recofding memory systems such as disk drives and tape
drives have been a popular means for storing computer generated
information for many years. In magnetic disk drives, digital information is
typically recorded as bits on concentric tracks on disks comprised of a material
capable of maintaining a magnetic field. Each stored digital bit is represented
by a region of magnetic particles on the disk. Whether thebitisaloraQis
indicated by the orientation of the magnetic field on the disk. |
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magneti c recordi ng di sk. The reduced separati on between wite driver heads
rand magnetic recording nedia in high capacity magnetic recordi ng systens
has nmade arcing fromwite heads to the nmedia a significant limtation on
the nean tine to failure of wite heads. To maxi m ze performance and wite
head reliability wite heads should be positioned dose to the disk while
protecting against arcing. To better understand this problemit is

i nportant to understand the foll ow ng background. Magneti c
recordi ng menory systens such as di sk dri%es and tape drives have been a
popul ar neans for_storing conputegnﬁgnerated I nformati on for many years.

I n magnetic di sk lavmagnetigdipktdrivesthermagnesic field is yypically gereratediby aas bits
on concentric tracks on disks conprised of a ngpteri capabl g oi\
mai nt ai ni ng ‘Hteghead Ssuspended agy yme @VEr gidisk syrface.s Thevalehead) by a
region of magnetjc partjcles on the, disk. ether the,bit jis a1l or,,a Ois
i cat ed_ bycamiRing Areindiicelh SRt apeblaharodiing AdoRielafeRragRent
va ARG aft o bhd SRagdifudP A0S A ferlt o dlebhichl RLfiRht ol at d
through the inductive coil. Data is written on the disk surface by changing
the direction that the current flows through the write head. The apparatus
used to direct current through the inductive coil of the write head is generally
known as a “write driver." The write driver accepts a digital input signal and
forces a set current through the write head in a direction determi_ned by the

polarity of the digital signal.

Figure 1 illustrates a conceptual block diagram of one type of typical
- write driver. One terminal of switch 110 is coupled to the positive supply. A
second terminal of switch 110 is coupled to write head terminal Hyx and to a
first terminal of currént source 116. The second terminal of current source
116 is coupled to the negative supply. Similarly, a first terminal of switch 112
is coupled to the positive supply. A second terminal of switch 112 is coupled
to write head terminal Hyyy and to a first terminal of current source 114. The

second terminal of current source 114 is coupled to the negative supply.

In operation a control signal, not shown, has two possible states which
control the current path in the circuit. In the first state the control signal
turns switch 110 and current source 114 on, and turns switch 112 and current
sourcé 116 off. In the second state the control signal turns switch 112 and
current source 116 on and turns switch 110 and current source 114 off.
Therefore, in one operative state current flows through switch 110 through

the write head connecting Hyx and Hyy to current source 114 and the



"wite head" suspended froman armover a disk surface. The wite head
>contains an inductive coil ‘capable of producing a |ocalized el ectromagnetic
field with direction and magni t ude dependent on el ectrical current passed

t hrough the inductive coil. Data is witten on the disk surface by changi ng
the direction that the current flows through the wite head.” The apparatus
used to direct current through the inductive coil of the wite head is
generally known as a "wite driver.” The wite driver accepts a digital

i nput signal and forces a set current thgough the wite head in a
direction determ ned by the polarity of the digital signal Fi gure
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of current source 114. The second term nal of current source 114 is

coupled to the negative supply. In operation a control signal, . not
shown, has two pQggide Bilhistiades Jlobhide tﬁmslbak di afibibf £8bcchd fypidal Whate
circuit. Inthe first state the cont si gnal urns switch 0 and

current sourdiéveklcbn@iguratich.t Figifre Szl\lstsiiihllkﬂo Fighirell twath switchesca4ldfd el6. I n
the second state the control signal turns switch 112 and
replacing current sources 114 and 116 and adding current source 218 in series

with the negative supply.

Figure 3 illustrates the write head bias voltage over several switching
cycles of a typical prior art write head, including, for example, the write
drivers illustrated in Figures 1 and 2. The solid line in Figure 3 represents the
voltage on the Hyyx side of the write head. The dashed line represents the
voltage on the Hyy side of the write head. The large transient voltages occur
when the direction of the current flowing through the write head is switched.
The steady state bias voltage for both the sides of the write head is over 9 V.
This high bias voltage creates reliability problems fo.r the write head. For
example, the high bias voltage increases the likelihood of electrical discharge
between the write head and the media. This type of electrical discharge can

damage the write head, particularly where it occurs frequently.

U.S. Patent No. 5,386,328 granted to Chiou et al., issued January 31,
1995, and assigned to the assignee of the present invention describes a two-
terminal inductive head write driver having a head voltage that swﬁ1gs
between the upper and lower supply voltage rails. A write driver with a rail

to rail voltage swing can be susceptible to arcing from the write head to the



~current source 116 on and turns switch 110 and current source 114 off.
Therefore, in one operative state current flows through switch 110 through
the wite head connecting Herr] and Herr] to current source 114 and the

3 negative supply. In a second operative state current flows through swtch
112 through the wite head connecting Herr] and Herr] to current source
116 and the negative supply. These two operative states define the
magnetic field orientation correspondidg to a single bit on a magnetic

recordi ng nmedi um Figure 2 illustrates a concept ual bl ock diagram
of asecondtyglca |ted ver, confi g é ur e is simlar to
Figure 1 wre99rdi) Aroingreas eqeifé B8 QLAHANE, BeB4he T 116

and addi ng rent squrce. 18 in s with the negative supply.
Figure 3 |¥‘F?ét‘§ &F%rs&lengo V?é“RBcst adfas vol tage over several switching

Thus an improved write driver is required to improve the reliability of
magnetic recording systems by reducing arcing from write heads to recording

media.
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cycles of a typical prior art wite head, including, for exanple, the wite
“drivers illustrated in Figures 1 and 2. The solid |line in Figure 3
represents the voltage on the Herr] side of the wite head. The dashed
line represents the voltage on the Herr] side of the wite head. The | arge
transi ent voltages occur when the direction of the current flow ng through
the wite head is swtched. The steady state bias voltage for both the
sides of the wite head is over 9 V. This high bias voltage creates
reliability problens for the wite head. For exanpl e, the high bias voltage
I ncreases the likelihood of electrical discharge between the wite head and
the nmedia. This type of electrical discharge can damage the wite head,

particularly where it occurs frequently. U.S. Patent No. 5, 386, 328
granted to Chiou et al., | ssupd, 5 B 174 assigned to the

assignee of the present inve S Es— m nal inductive head
write driver having a head voltage that sw ngs bet ween the upper and | ower
supply voltage rails. Awite driver with arail to rail voltage swi ng can

Ze susceptibl e torR¢ prénk iRRAIS Prbvie WRichBré @l write driver for
inductive recording heads, used in for example disk drives. The present
invention comprises a positive supply terminal coupled to a first terminal of
a first current source. A first write driver head terminal is coupled to the
second terminal of the first current source. A first terminal of a first switch is
coupled to the first write driver head terminal. The second terminal of the

first switch is coupled to the negative supply terminal.

A second current source is coupled to the positive supply terminal. A
second write driver head terminal is coupled to the second terminal of the
second current source. A first terminal of a second switch is coupled to the
second write driver head terminal. The second terminal of the second switch

is coupled to the negative supply terminal.

This write driver configuration can provide a write driver head bias
voltage near the negative supply, for example, under 2 V using a 12 V
positive supply. The low head bias voitage reduces the risk of electrical

discharge from the head to the recording medium.
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recording medium wth an increased |likelihood of arcing when the wite
head is near the positive supply rail. Thus an inproved wite
driver is required to inprove the reliability of magnetic recordi ng systens
by reducing arcing fromwite heads to recordi ng nedia.

SUVMARY OF THE | NVENTI ON - The present
I nvention provides an inproved wite driver for inductive recording heads,
used in for exanple disk drives. The present invention conprises a positive
supply term nal coupled to a first terménal of a first current source. A
first wite driver head termnal is coupled to the second term nal of the
first current source. Afirst termnal of ‘a first switch is coupled to the

first wite driver headpRprFTSCRIPON e FEis DRAWINGS e

Figure 1 illustrates a conceptual block diagram of one type of typical

write driver.

Figure 2 illustrates a conceptual block diagram of a second typical write

driver configuration.

Figure 3 illustrates the write head bias voltage over several switching

cycles of a typical prior art write head.

Figure 4 illustrates a conceptual block diagrﬁm of one embodiment of

the present invention.

Figure 5 illustrates one embodiment of the low bias voltage write

driver of the present invention.

Figure 6 illustrates head bias voltages during several switching cycles of

one embodiment of the present invention.



first swtch is coupled to the negative supply term nal. . A second
‘current source is coupled to the positive supply termnal. A second wite
driver head termnal is coupled to the second term nal of the second
current source. Afirst termnal of a second switch is coupled to the
second wite driver head termnal. The second term nal of the second switch
I's coupled to the negative supply term nal. This wite driver
configuration can provide a wite driver ad bias voltage near the
negati ve supply, for exanple, under 2 V using a 12 V positive supply. The

| ow head bias voltage reduces the risk of electrical discharge fromthe
head to the recordi ng nedi um

6 BRI EF DESCRI PTI ON OF THE DRAW NGS
ETAILED N

The present invention is directed to a lov;r head bias voltage write
driver. In the following description, numerous specific details are set forth to
provide a more thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art, that the present invention may
be practiced without these specific details. In other instances, well-known
features have not been described in detail so as not to unnecessarily obscure

the present invention.

The present invention provides an improved write driver circuit
configuration with a write driver head bias voltage near the negative supply,
for example, under 2 V using a 12 V positive supply. The low head bias
voltage reduces the risk of electrical discharge from the head to the recording
medium. The present invention applies generally to the field of magnetic
recording. Specific applications of the present invention include, for |

example, computer disk drives, digital audio tape recording systems, and

computer tape cartridge systems.

Figure 4 illustrates a conceptual block diagram of one embodiment of
the present invention. A first terminal of current soﬁrce 410 is coupled to the
positive supply PS. A second terminal of current source 410 is coupled to
write head terminal Hyy and to a first terminal of switch 414. A second
terminal of switch 414 is coupled to the negative supply NS. A first terminal
of current source 412 is coupled to the positive supply. A second terminal of

current source 412 is coupled to write head terminal Hyy and to a first



Figure 1 illustrates a conceptual bl ock di agram of one type of typical

‘wite driver. Figure 2 illustrates a conceptual bl ock diagramof a
second typical wite driver configuration. . Figure 3 illustrates the
wite head bias voltage over several switching cycles of a typical prior
art wite head. Figure 4 illustrates a conceptual block di agram of

one enbodi nent of the present invention. Figure 5 illustrates one
enbodi ment of the I ow bias voltage wite %rl ver of the present invention.

Figure 6 illustrates head bias vol tages during several sw tching cycles of
one enbodi nent of the present invention.

terminal of switch 416. A second terminal of switch 416 is coupled to the
negative supply. Write driver control signal Wpy is coupled to current
. source 410 and switch 416. Write driver control signal Wpy is coupled to

current source 412 and switch 414.

In operation, when Wpy is high and Wpy is low current source 410 is
on, switch 416 is closed, current source 412 is off and switch 414 is open.
Hence current flows from the positive supply through current source 410 to
Hwx across the inductive head to Hyyy through switch 416 to the negative
supply. When Wpy is low and Wpy is high current source 412 is on, switch
414 is closed, current source 410 is off and switch 416 is open. Hence current
flows from the positive supply through current source 412 to Hyy across the
inductive head to Hyyx through switch 414 to the negative supply. These two
operative states are used to define the magnetic field orientation of regions on

magnetic recording media and thereby to store digital data.

Coupling the write head terminals Hyx and Hyy to the negative
supply through a switch instead of tﬁrough a current source enables the bias
voltage of the write head to be reduced. Reducing the head bias voltage
reduces the risk of the head discharging electrical current into the recording

medium, and thereby reduces the risk of damage to the head.

Figure 5 illustrates one embodiment of the low bias voltage write
driver of the present invention. Write driver input Wpy is coupled to the
input of inverter I2. The output of inverter I2 is coupled to the base of NPN
transistor Q4. The collector of transistor Q4 is coupled to the gafe of PMOS

FET M23 and to a first terminal of resistor R2. The emitter of transistor Q4 is



7 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention is directed to a | ow head bias voltage wite driver. In
the foll owi ng description, numerous specific details are set forth to
provi de a nore thorough understanding of the present invention. It will be
apparent, however, to one skilled in the art, that the present invention
may be practiced wthout these specific details. In other instances,
wel | - known features have not been describqg in-detail so as not to
unnecessarily obscure the present inventi on. The present invention
provi des an inproved wite driver circuit configuration with a wite driver
head bi as vol tage near the negative supply, for exaqggg, under 2 V using. a
u se

12 V posi ti ceuplegbtoy theThegative supplytheeughokesisfor Réd ¢ond tesininal of

el ectrical discharge fromthe head to the recording nedium The present
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applications of the present, invenji I ncl ude, f le, c ter disk

drives, di giatfélco'éﬂhﬁdotot B‘b"é“?’%éﬁpﬁiﬁlgggyiﬁﬁﬁk?“‘a‘ﬁﬁﬁgﬁﬁgg?ésrC‘?“&gggg‘&rt{‘?i dge
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Schottky diode D2.

PMOS FETs M1 and M3, and NPN transistors Q10, Q11 and Q13 are part
of a current mirror which defines the current that flows throdgh the
inductive head across terminals Hyyx and Hyy. PMOS FET M23 is a switch
which controls the M1 - M3 current source. PNP transistor Q6 decreases the
turn on time of the M1 - M3 current source. Current mirror input IW is
coupled to the base of transistor Q13 and the collector of transistor Q10. The
emitter of transistor Q13 is couple?l to the base of transistors Q10 and Q11.

The emitter of transistor Q10 is coupled to the negative supply through
resistor R29. The emitter of transistor Q11 is coupled to the negative supply
through resistor R21. The collector of transistor Q11 is coupled to the drain of
FET M1. The output of Schottky diode D2 is coupled to the gates of PMOS

- FETs M1 and M3, as well as a first terminal of resistor R6. The second
terminal of resistor R6 is coupled to PS1.

PMOS FET M11 and NMOS FET M13 form a type of inverter. The
source of FET M11 is coupled to the emitter of transistor Q6. The gates of
FETs M11 and M13 are coupled to input Wpy. The drain of FET M11 is

coupled to a first terminal of resistor R11. The second terminal of resistor R11

is coupled to the source of FET M13.



the present invention. A first termnal of current source 410 is coupled to
the positive supply PS. A second term nal of current source 410 is coupl ed
to wite head terminal Herr] and to a first termnal of switch 414. A

second term nal of switch 414 is coupled to the negative supply NS. A first
termnal of current source 412 is coupled to the positive supply. A second
termnal of current source 412 is coupled to wite head terminal Hw and to

a first 10 8 term nal of
switch 416. A second termnal of switch 416 is coupled to the negative

supply. Wite driver control signal Werr] is coupled to current source 410
and switch 416. \SdhottkyrINPF travsistarl Q2 fomms a\lower switahpwhich directs thent

Werr] 15| comsent Gwpusshe dnducive hewh csaup teripels Fov|Betw et
I oo b R e UL Thda?ly
transistor Q2 is coupled to the negative supply. The collector of transistor Q2
is coupled to the drain of PMOS FET M5 and the inductive head across
terminals Hyyx and Hyyy. The source of FET M5 is coupled to the drain of
FET M3. The gate of FET MS is coupled to positive supply PS and the collector
of transistor Q13. The body terminal of FET M5 is coupled to the source of

MS.

The left half of the circuit of Figure 5 is essentially a mirror image of
the right half described above. Write driver input Wpy is coupled to the
input inverter I1. The output of inverter I1 is coupled to the base of NPN
transistor Q3. The collector of transistor Q3 is coupled to the gate of PMOS
FET M22 and to positifre supply PS1 through resistor R1. The emitter of Q3 is
coupled to the negative supply through resistor R3. The sources of FETs M22
and MO are coﬁpled to PS1. The drain of FET M22 is coupled to the drain of

PMOS FET MO, the base of PNP transistor Q5, and the input of Schottky diode
D1. |

PMOS FETs M0 and M2 and NPN transistors Q10 - Q13 form part of a
current mirror which defines the current that flows through the inductive
head across terminals Hyyx and Hyyy. PMOS FET M22 is a switch which
controls the M0 - M2 current source. PNP transistor QS decreases the turn on
time of the MO - M2 current source. The base of transistor Q12 is coupled to
the bases of transistors Q10 and Q11. The emitter of Q12 is coupled to the
negative supply through resistor R22. The collector of Q12 is coupled to the



H err] across the inductive head to Herr] through switch 416 to the
"negative supply. Wen WX is |ow and Werr] is high current source 412 is
on, switch 414 is closed, current source 410 is off and switch 416 is
open. Hence current flows fromthe positive supply through current source
412 to Herr] across the inductive head to Herr] through switch 414 to the
negative supply. These two operative states are used to define the
magnetic field orientation of regions on magnetic recordi ng nedia and
thereby to store digital data. Caupling the wite head term nals

Herr] and Herr] to the negative Sul plse{(th.rou h a switch instead of
t hrough a cudraintofdgik MO.e PEH"%WS&‘Q ywdipdgdal isrcaupdeditq the gatgsiof o be

reduced. Reduyci ad pjas vol e ces the ris f the head
di schar gi ng g’ﬁfé@grﬁ@gﬁb@mﬂ@r Fﬁwﬁfg%tqggm%@%??éwcﬁ -and t her eby
reduces the risk of danage to the head. Figure 5 illustrates one
enbodi nent of the |ow bias voltage wite driver of the present invention.
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a first termnal of resistor e emtter o
FETs M10 and M12 are coupled to input Wpy. The drain of FET M10 is

coupled to the source of FET M12 through resistor R19. The drain of FET M12
is coupled to the negative supply. In this embodiment Wpx and Wpy are
CMOS control signals. Other embodiments of the present invention can be
made using non-CMOS control signals, for example, Emitter Coupled Logic

("ECL") level control signals.

Schottky NPN transistor Q1 forms a lower switch which directs the
current through the inductive head across terminals Hyx and Hyy. The
base of transistor Q1 is coupled to the source of FET M12. The emitter of
transistor Q1 is coupled to the negative supply. The collector of transistor Q1
is coupled to the inductive head across terminals Hyx and Hyy, and the
drain of PMOS FET M4. The source of FET M4 is coupled to the drain of FET
M2. The gate of FET M4 is coupled to the positive supply PS and to the source
of FET M10. The body terminal of FET M4 is coupled to the source of M4.

There are two primary write operations for the circuit, the first is to
drive current from M2 through M4 to the write head across terminals Hwyx
and Hyy through Q2 to the negative supply. The other write operation is to
drive current from M3 through M5 through the write head across terminals
Hwyx and Hyy and through Q1 to the negative supply. In operation, when
write driver input Wpy is high and Wpy is low, inverter I1 inverts the high



9 coupled to the negative supply through resistor R4. The second term nal
-of resistor R2 is coupled to positive supply PS1. The source of FETs M3
and ML are coupled to positive supply PS1. The drain of FET M23 is coupl ed
to the drain of PMOS FET ML, the. base of PNP transistor Q, and the input
of Schottky di ode D2. PMOS FETs ML and M3, and NPN transistors
QLO, QL1 and Q13 are part of a current mrror which defines the current
that flows through the inductive head across termnals Herr] and Herr].
PMOS FET M23 is a switch which controls the ML - M3 current source. PNP
transistor Q6 decreases the turn on tinmeldf the ML - M3 current source.
Current mirror input IWis coupled to the base of transistor QL3 and the
col l ector oWpx mﬁbt@e@mrm teamisister Q3foff. r @3 dieing offgrasessthese po be a o

t he base of tranS|stors QL0 a Qll. The emtter of transistor 0 |s

coupl ed t o high veitrge %*eth&g?é? 9f PMOSFET W%&wehazgmmﬁl\@% offe -

t | st | h th t 1. Th
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I's coupled ﬁtothlzéséates of MO and M2, turning M0 and M2 on.

On the other side of the circuit inverter 12 inverts the Wpy low .signal
to turn on transistor Q4. Q4 being on lowers the voltage at the gate of PMOS
FET M23 turning M23 on. This raises the voltage at the gate of Q6 turning Q6
off and forces currt;.nt through diode D2, raising the voltage at the gates of
PMOS FETs M1 and M3 which turns M1 and M3 off.

With regard to the switch section of the circuit, the inverter formed by
M10 and M12 inverts the Wpyx high signal. This turns Schottky NPN
transistor Q1 off. The inverter formed by M11 and M13 inverts the Wpy low
signal, which turns Schottky NPN transistor Q2 on. Therefore, with Wpx
high and Wpy low current flows through M2 through M4 to the write head
to Q2 and to the negative supply.

Similarly, where Wpy is low and Wpy is hfgh current flows from M3
through M5 through the write head to Q1 and ._to the negative supply.
Switching the current between these two paths causes the write head to
change the magnetic field orientation for a bit on a magnetic recording

medium, for example, a computer hard disc platter.

The head bias voltages during several switching cycles of one

embodiment of the present invention is illustrated in Figure 6. The solid line



PMOS FET ML1 and NMOS FET ML3 forma type of inverter. The source of FET
-ML1 is coupled to the emtter of transistor . The gates of "FETs ML1 and
ML3 are coupled to input Werr]. The drain of FET M1 is coupled to a
first termnal of resistor RlI1. The second termnal of resistor R11 is
coupled to the source of FET ML3.

10 Schottky NPN transistor @ forns a |lower switch which directs the
current through the inductive head acrosd3ternminals Herr] and Herr]. The
base of transistor 2 is coupled to the source of FET ML3. The emtter of
transistor 2 is coupled to the negative supply. The collector of

transi stor QiniFigweupteptesents ithe soktage af tHeMEGCBitle\éf thedvtiteheadduTheve head

across termnals Herr] and Herr]. The source of FET Mo is coupled to the
drain of FE®asBed rgpresents hevalmgestdhe Hywy side pbthe write hepdl WMsPS and
the collector of transistor Ql3. The body term nal of FET Mo is coupled to
t he source ofsha®n in Figure 6 during steady state operation the bias voltage at both sides

of the write head is well under 1.5 V. The transient high voltage swings occur

when the current direction through the write head is switched. The low

steady state head bias voltage of the present invention improves the

reliability and durability of write heads by reducing the arcing between the

head and the recording medium.

Typically write driver circuits use NPN transistor current sources to
drive current through the write head because NPN transistors have a
stronger driving ability. In one embodiment of the present invention,
illustrated in Figure 5, PMOS FET current sources, including M2 - M5, drive
current through the write head. These PMOS FETs are made relatively large
so as to provide the high currents required to rapidly switch the direction of
current through the head and to induce a sufficient magnetic field to define a
bit in the magnetic recording medium. The increase in the size of the PMOS

FETs increases the gate capacitance of the FETs and thus their turn on time for

a given control current.

PNP helper transistors Q5 and Q6 and diodes D1 and D2 increase the
switching speed of the FETs. When the write driver control signal Wpy goes
high inverter I2 provides a low signal to Q4 tun:ﬁng Q4 off. Q4 | being off
raises the voltage at the gate of PMOS FET M23 turning M23 off. Q11 is part of
a current mirror which draws current out of the base of PNP transistor Q6
turning Q6 on. Diode D2 isolates the relatively large gate capacitances of M1

and M3 because D2 is reversed biased when the voltage at the base of Q6 is



The left half of the circuit of Figure 5 is essentially a mrror inmge of
‘the right half described above. Wite driver input WDX i s coupled to the

i nput inverter 11. The output of inverter |1 is coupled to the base of NPN
transistor (B. The collector of transistor @B is coupled to the gate of
PMOS FET M22 and to positive supply PS1 through resistor RL. The emitter of
@B is coupled to the negative supply through resistor R3. The sources of
FETs M22 and MD are coupled to PS1. The drain of FET M22 is coupled to the
drain of PMOS PET M), the base of PNP trah8istor @, and the input of
Schot t ky di ode DL1. . PMOS FETs M) and M2 and NPN transi stors QLO -
QL3 form parlpwer than the,volage at theogatehiof Miend 8. Isadating the\Mt arad M3 ows

t hrough the inductive head across terminals Herr] and Herr]. PMOS FET
M2 is a swigath caprdianceg inereases theysvitchingapeed of £f. Q6 bewg owrrawsansi st or

(b decreases the turn o tine of the M) - current souyrce. The base of
transi stor- cgegr%t@&ﬂﬁ@&bﬂéandhh%ﬁste%ﬂeﬁm Y AwEng il Mrﬂi‘- us The
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of the PMOS FET drivers M2 and M3 and compensate for the larger size of
these PMOS FETs. | |

The present invention may be implemented in a variety of circuit
configurations. For example, in one embodiment write driver current
sources comprised of M2, M3, M4 and MS are replaced by PNP transistor
current sources. In another embodiment the switches formed by Q1 and'QZ

are replaced by NMOS FET switches.

Thus a low head bias voltage write driver has been described.
Although the present invention has been described with respéct to certain
specific embodiments, it will be clear to those skilled in the art that the
inventive features of the present invention are applicable to other

embodiments as well, all of which are intended to fall within the scope of the

present invention.



drain of FET M). The output of Schottky diode Dl is coupled to the gates of
"PMOS FETs MD and M2, as well as to PS1 through resistor R5. PMOS
FET . forma type of inverter. The source of FET MO is

coupl ' of transistor . The gates of FETs MLO and ML2 are
coupla u‘l ;ﬁlmaﬁ‘!t‘rhe drain of FET MLO is coupled to the source of FET
ML2 t L 9. The drain of FEl‘g ML2 is coupled to the negative

supply. In this enbodi mrent WDX and Werr] "are CMOS control signals. Oher
enbodi nents of the present invention can be made using non-CMOS control
signals, for exanple, Emtter Coupled Logic ("ECL") level control signals.
Schottky NPN transistor QL fornms a |lower switch which directs the current
t hrough the inductive head across termnals Herr] and Herr].The base of
transistor QL is coupled to the source GEABMS Mi2. The enitter of
transistor QL is coupled to the negative supply. The collector of
transistor- QL is coupled to the inductive head across termnals Herr] and
Herr], and the dfain of PMOS FET M4. The source of FET M4 is coupled to
the drain of FET t&?“ﬁhe gate of PET M4 is coupled to the positive supply
PS and to the source of FET MLO. The body term nal of FET M4 is coupled to
t he source of M.

1. A write driver circuit comprising:

a negative supply terminal, a pqéitive supply terminal;

a first current source, said first current source coupled to said positive
supply terminal;

a first write driver head terminal, said first write driver head terminal
coupled to said first current source;

a second current source, said second current source coupled to said
positive supply terminal;

a second write driver head terminal, said second write driver head
terminal coupled to said second current source;

a first switch, a first terminal of said first switch coupled to first write

~ driver head terminal;

a second switch, a first terminal of said second switch coupled to said
second write driver head terminal;

second terminals of said first and second switches coupled to said
negative supply terminal so that the bias voltage of said first and second write
head terminals is closer to said negative supply terminal voltage than said

positive supply terminal voltage.

2. The write driver circuit of claim 1 wherein said first current
source is a switched current source; and

wherein said second current source is a switched current source.



There are two primary wite operations for the circuit, the first is to
“drive gh M4 to the wite head across termnals Herr]

and Hf eryr ta t he negative supply. The other wite operation is
to dri wﬂ&;ﬂu Wthrough Mb through the wite head across
t erm nal ‘s L s and through QL to the negative supply. In

operation, when wite driver input Werr] is high and Werr] is |ow,
inverter |1 inverts the high 16

12 WDX signal thereby turning transistor B off. @ being off causes there
to be a high voltage at the gate of PMOS FET M22 thereby turning M2 off.

Wth M2 off current drawn through the current mrror including QL2 | owers
the voltage at the base of PNP transistor b turning @ on and | owers the

voltage at the gates of M) and M2, turning M0 and M2 on. On the

ot her side of tl8 cirkhe writevdnivesrcita@iit of claim 2 ferthge colprisingi gnal  to

turn on transistor Q4. Q4 being on lowers the voltage at the gate of PMOS
: a first current source switch driver transistor, said first current source

switch driver transistor coupled to said first current source so as to decrease
the switching time of said first current source; |

a second current source switch driver transistor, said second current
source switch driver transistor coupled to said second current source so as to

decrease the switching time of said second current source.

4, The write driver circuit of claim 3 wherein said first and second

current sources are comprised of PMOS FETs.

5. The write driver circuit of claim 4 wherein said first current
source switch driver transistor comprises'a PNP transistor; and

wherein said second current source switch driver transistor comprises

a PNP transistor.

6. The write driver circuit of claim 3 further comprising:

first and second isolation diodes, said isolation diodes each having a
first and second terminal;

said first isolation diode first terminal coupled to said first current
source, said first isolation diode second terminal coupled to said first current
source switch driver transistor; |

said second isolation diode first terminal coupled to said second
current source, said second isolation diode second terminal coupled to said

second current source switch driver transistor.



FET ing M23 on. This raises the voltage at the gate of -Q6 turning
"Q@ off and forces cur t through diode D2, raising the voltage at the

gates fﬂﬂm/ﬂm,mﬂ nd M3 which turns ML and M3 of f. Wth
regard Hﬂmyﬁction of the circuit, the inverter forned by MO
and ML2 i nVer'ts ™ he Weerr] high signal. This turns Schottky NPN transistor
QL off. The inverter formed by ML1 and ML3 inverts the Werr] low signal,

whi ch turns Schottky NPN transistor 2 on7 Therefore, with Werr] high and
Werr] low current flows through M2 through M4 to the wite head to @ and

to the negative suppl ) . Simlarly, where, Werr] (s low and Werr]
i s high current fz'omsym%mr%dr%‘fﬂf@&@ﬁ“l\ﬁf Qlﬁl%ég‘ﬁhﬁﬁén\d‘?b@sh tagerfQl and

to the negativye.s | y. i t chi he curtent betwe hese two pat hs
causes the \&ai‘félrWF?f°§\@n‘é{ﬁ’§%%gﬂé tﬁ'ﬁ’@'ﬁ‘é[si ‘étlstset{hGng]ytent ation for a bit
on a magnetic recording nedium for exanple, a conputer hard disc platter.
The head bias voltages during several swi tching cycles of one enbodi nent

of the present ingentififl 3ith!deitel' At S iRnd Y Whireir B&icPAtdt drld ffond

switches are coupled directly to said negative supply terminal.

9. The write driver circuit of claim 8 wherein said write driver

circuit drives a disk drive inductive write head.

10. The write driver circuit of claim 9 wherein said first and second

switches are controlled by CMOS level input signals.

11.  The write driver circuit of claim 9 wherein said first and second

switches are controlled by ECL level inptit signals.

12.  The write driver circuit of claim 3 wherein said first and second

current sources are comprised of PNP transistors.

13.  The write driver circuit of claim 3 wherein said first and second

switches are comprised of Schottky NPN transistors.

14. The write driver circuit of claim 3 wherein said first and second

switches are comprised of NMOS FETs.



.13 in Figure 6 represents the voltage at the Herr] side of the wite
head. The dashed line represents the voltage at the Herr] side of the
wite head. As shown in Figure 6 during steady state .operation the bias
voltage at both sides of the wite head is well under 1.5 V. The transient
hi gh vol tage swi ngs occur when the currggt direction through the wite head
is switched. The | ow steady state head bias voltage of the present '

invention inproves the relighw! Bids aroL.FRERRITE DRIVER t € heads by
reducing the arcing between the head and the recording nmedi um

Typically wite driver circyi S IGUrrent sources to drive
current through the wite g8 have a stronger :
driving ability. In one enbodi nent of the present invention, illustrated in

Figure 5, PMOS FET current sources, including M - M, drive current

t hrough the wi tg lg@aﬁe d@ﬁﬁ%ﬁé@%{ﬁ@dﬁ& |’§Bd§mc{’§%1&£ E-églm*?%eg{tge so as to

provide the high currents requir 0 rapl- i on of

current thriayghiibA&ontsidsednd pbsitive 1§ tSithirlat S0P 8 Hrst {erfiflal Of
e e | ﬂe i um ﬁ t

define a bit 1nt netic recor The* 1 ncrease I n e sl ze of
the PMOS FHIfirit\@ire@fteourbe Aafift WRRCAHFECRedd térfiinaifilcoapled fiehd hei r
turn on time for a given control current. PNP hel per transistors
B and 6 agedordadaminal ofntle Hist antetssourbe  Asfiist edvminab péadirsf stwitehRETS.
When the wite driver control signal Werr] goes

coupled to the first write driver head terminal. The second terminal of the

first switch is coupled to the negative supply terminal. A second current
source is coupled to the positive supply terminal. A second write driver head
terminal is coupled to the second terminal of the second current source. A
first terminal of a second switch is coupled to the second write driver head
terminal. The second terminal of the second switch is coupled to the

negative supply terminal.

FPigure 5



high inverter 12 provides a low signal to Q4 turning Q4 off. 4 being off
rai ses the voltage at the gate of PMOS FET M23 turning M23 off. QL1 is part
of a current mrror which draws current out of the base of PNP transistor
Q turning @ on. Diode D2 isolates the relatively |large gate capacitances
of ML and M3 because D2 is reversed biased when the voltage at the base of
QB is 14 |ower than the
voltage at the gates of ML and M3. Isolating the ML and M3 gate

capaci tances increases the sw tching spggg of Q. @ being on draws

current out of the ML and M3 gates thereby turning ML and M3 on. Thus PNP
transistors  and @ and diodes D1 and D2 increase the switching speed of
the PMOS FET drivers M2 and M3 and conpensate for the |arger size of these
PMOS FETSs. The present invention may be inplenmented in a variety of
circuit configurations. For exanple, in one enbodinent wite driver current
sources conprised of M, M3, MA and Mb are replaced by PNP transistor
current sources. |n-another enbodi nent the switches formed by QL and @
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-are replaced by NMOS FET switches. Thus a | ow head bi as vol tage
write driver has been described. Although the present invention has been
described with respect to certain specific enbodinents, it will be clear to
those skilled in the art that the inventive features of the present
invention are applicable to other enbodiments as well, all of which are
intended to fall within the scope of the present invention.

CLAI M5 | claim 1. A wite driver circuit conprising:
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. a negative supply termnal, a positive supply termnal; a first
current source, said first current source coupled to said positive supply

term nal ; a first wite driver head termnal, said first wite driver
head term nal coupled to said first current source; a second current
source, said second current source coupled to said positive supply

term nal ; a second wite driver head termnal, said second wite
driver head term nal coupled to said Sg nd current source; a first
switch, a first termnal of said first 'swtch coupled to first wite driver
head term nal ; a second switch, a first termnal of said second
switch coupled td shid second wite driver head terninal; second

terminals of said flrst and second switches coupl ed to said negative supply
terminal so thatRltDk bias voltage of said first and second wite head
terminals is cl deE|to said negative supply termnal voltage than said
positive supply IEEi nal vol tage. 2. The wite driver circuit

of claim 1l wherei al firgj current source is a switched ci@rent source;
FETL VY 1T " T i T '
and mhereﬂn'thﬁ"fgdowa“idrfgdf doubcd ' A s tichéd Qirrggt source.
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16 3. ThHe write driver circuit of claim2 further conprising:
a first current source switch driver transistor, said first current source
switch driver transistor coupled to said first current source so as to
decrease the switching tine of said first current source; a second
current source switch driver transistor, said second current source switch
driver transistor coupled to said second current source so as to decrease

the switching tine of said second currgemg source. -4 The wite
driver circuit of claim3 wherein said first and second current sources
are conprised of PMOS FETs. 5. The wite driver circuit of
claim4 wherein said first current source switch driver transistor
conprises a PNP transistor; and wherein said second current source
switch driver transistor conprises a PNP transistor. 6. The
wite driver circuit of claim3 further conprising: first and second

i solation diodes, gaid isolation diodes each having a first and second
term nal ;
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sald first isolation diode first termnal coupled to said first current
“source, said first isolation diode second terminal coupled to said first
current source switch driver transistor; sai d second isolation
di ode first termnal coupled to said second current source, said second
i sol ation diode second term nal coupled to said second current source
switch driver transistor. '

17 7. The wite drlver circuit of claim®6 wherein the bias
voltage of said first and second wite hé@d ternminals is.less than 2 V.
8. The wite driver circuit of claim7 wherein said first and second
switches are coupled directly to said negative_supply termnal. 9.
The wite driver circuit of claim8 wherein safd wite driver circuit
drives a disk drive inductive wite head. Y
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10. The wite driver circuit of claim9 wherein said first and second
‘switches are controlled by CMOS | evel input signals. 11. The
wite driver circuit of claim9 wherein said first and second switches are
controlled by ECL I evel input signals. 12. The wite driver
circuit of claim3 wherein said first and second current sources are
conprised of PNP transistors. 13. The wite driver circuit of
claim3 wherein said first and second sygches are conprised of Schottky
NPN transi stors. 14. The wite driver circuit of claim3 wherein

said first and segqond switches are conprised of NMOS FETs.
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