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To read recorded data from a magnetic media storage system, a read/write head
including a magnetoresistive sensor is passed over a magnetic medium and transduces the
magnetic transitions into pulses of an analog signal that alternates in polarity. This analog
signal is then amplified by a pi‘e-ampliﬁer stage within the magnetic media storage system
and provided to and decoded by read channel circuitry, included in a circuit that is generally
mounted on a motherboard within the host system, to reproduce the digital data.

The pre-amplifier circuit is generally included within a read/write chip coupled inside
the storage media system. Typically, the read/write chip is encapsulated in a surface mount
package. The design of the read/write chip is typically bound by the specifications that it is
to dissipate the minimum amount of power possible and add the minimum amount of spurious
electrical noise possible to the signal. The small signals extracted from the magnetic media
by the read/write head can also be accompanied by spurious signals induced through
capacitive or inductive coupling and wide band noise.

The quality of the signat provided to the read channel circuitry is important to the
correspondence of the read output signal to the data read from the magnetic medium. It is
important to preserve the quality of the signal output from the storage media system through
the read channel in order to get a true digital representation of the data read from the storage

medium. Any noise included within the signal output from the storage media system may




correspondence of the read output signal to the data read fromthe nagnetic
medium It is inportant to preserve the quality of the signal output from
the storage nedia systemthrough the read channel in order to get a true
digital representation of the data read fromthe storage nmedium Any noise
I ncluded within the signal output fromthe storage nedia system may 2
effect the quality of the digital reag output signal output fromthe read
channel and result in errors in the transm ssion of the information read
fromthe magnetic nmedia. Wthin nmagnetic storage systens such as hard di sks
mul ti pl e channel s are generally included. In order to reduce the nunber of
conponent@ffaﬁhﬂlemdgysﬁﬁ@ed&glm aeadwlutput stbmiloeipnsgtemem readh ehanngjraad seshilt @in t he

channel s ||Ql gﬁgﬁ t i fi er .The pre-anplifier
S coupl o anpli e g‘gﬁ%" E?Stﬁg’ %‘éf‘ ’ilve sensor from
the magnetic ri'&?ithmrmagneﬁdmoma sstend sn&mﬂﬁiddxhksmﬂﬁﬂe&hﬁyﬁl‘sefa genkmlip single

channel is ed at a ven ti schenmat | am of an anplifier
circuit whf Q&ﬁd’ﬂﬁg%‘lﬁ ?@ﬁ%ﬁ%@‘f‘ﬂe‘n rgannel ¢ s
i | ust ratg@mﬁemﬂommmeﬁmmtm mughaos‘mgﬁwpkﬁ& frRest

magnetoresl sti sensor wi.thin a first channel, 1s _coupled to the
emtter i5er is cappleds o Amplifinthe signal-road) bﬁﬂzm@gqsmwn@e feomy thyRp,
W thin a &uﬂ%ﬁﬂ nfeQRAT R the bélecidUdbaibL.! th $ulf aQFthih ¥ni RRAnL1 18 BSdeSe@"
QLB. The collector of the transistor QLA |§ coupl e ﬁe col l ector of the

transi st oft agipenstimet & %eh@n@mcmmm aanmnbﬁprtqlrawswyhma ®p. chapnebmagngticsour ce
E/rsinls?sfg*wg&l 'S cogg'lhpﬁﬁ ﬁ‘ l Ir st t %a?zof Tger gg: ls'?g'; OrRlo];nEIh'?o
In the amplifier clrcmt of Figure 1 a first magnetoresistive sensor MRA, within a first
channel, is coupled to the emitter of an npn transistor Q1A. A second magnetoresistive
sensor MRB, within a second channel, is coupled to‘the emitter of an npn transistor Q1B.
The collector of the transistor Q1A is coupled to the collector of the transistor Q1B and to the
emitter of an npn transistor Q2. A voltage source VSI is coupled to the base of the transistor
Q2. The collector of the transistor Q2 is coupled to the first terminal of a resistor R1 and to
a negative input of a transconductance amplifier gi. A second terminal of the resistor R1 is
coupled to the supply voltage Vec. A reference voltage source Vref is coupled between the
supply voltage Ve and the positive input of the transconductance amplifier gl. The output of
the transconductance amplifier gl is coupled to a first terminal of a capacitor Cext and to an
input of a buffer Bl. A second terminal of the capacitor Cext is coupled to ground. The
output of the buffer circuit B1 is coupled as an input to a switch 10. A first control output
C1 of the switch lOiscoupledtothebaseofﬂzeh‘msisterlA. A. second control output C2
of the switch 10 is coupled to the base of the transistor Q1B. A control logic circuit 20 is
coupled to control operation of the switch 10.

Depending on the current channel and corresponding magnetoresistive sensor being
used within the magnetic media storage system, the control Iogic circuit 20 will control the
switch 10 and couple the output of the buffer circuit Bl to the appropriate one of the control
outputs CI or C2. If the storage system is currently receiving signals from the
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a negative input of a transconductance anplifier gl. A second term nal of
the resistor RL is coupled to the supply voltage Vcc. A reference vol tage
source Vref is coupled between the supply voltage Vcc and the positive

i nput of the transconductance anplifier gl. The output of the
transconductance anplifier gl is coupled to a first termnal of a capacitor
Cext and to an input of a buffer Bl. A3second term nal of the capacitor
Cext is coupled to ground. The output of the buffer circuit Bl is coupled
as an input to a swwtch 10. A first control output Cl1 of the switch 10 is
coupled to the base of the transistor QLA. A second control output C2 of
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By using the swmch 10 to switch between the magnetoresxsuve sensors MRA and
MRB, the amplifier circuit of Figure 1 is able to conserve power and space by requiring only
a single bias current, provided from the output of the buffer circuit B1 to the appropriate one
of the magnetoresistive sensors. However, in the storage systems of the prior art, the switch
10 is typically implemented by a saturated junction bipolar transistor. This switch 10 forms a
favorable path to the magnetoresistive sensors MRA and MRB for noise and ripples coming
through the supply voltage Vcc. This arrangement leads to a poor power supply rejection
ratio and increased noise within the signal output from the pre-amplifier circuit.
What is geeded is a switching apparatus for switching between channels in a multi-
channel magnetic media storage system which does not introduce extraneous noise into the
signal output from the pre-amplifier circuit. |

SUMMARY 'OF THE INVENTION:

A switching apparatus for switching between channels within a read/write pre-amplifier
circuit in a multi-channel magnetic media storage system switches between the channels and
couples an active magnetoresistive sensor to receive biasing current and to a pre-amplifier
circuit. When a read operation is requested from a specific channel within the magnetic
media storage system, a control signal line corresponding to an appropriate magnetoresistive
sensor is activated. Each channel includes a first corresponding transistor which is enabled by



.ccontrol output C2 to the output of the buffer circuit Bl. This enables the
transi stor QLB, coupling the nagnetoresistive sensor MRB to the transistor
@ and providing the bias current fromthe buffer circuit Bl to the
magnet or esi stive sensor MRB. By using the switch 10 to switch between the
magnet oresi stive sensors MRA and MRB, the anplifier circuit of Figure 1 is
abl e to conserve power and space by reguiring only a single bias current,
provi ded fromthe output of the buffer circuit Bl to the appropriate one of
the magnetoresistive sensors. However, in the storage systems of the prior
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channel Wdapdchtor BGndiERAct i ¢ nedi a storage system a control signal line
correspondi ng to an appropriate nagnetoresi stive sensor is activated. Each
channel includes a first corresponding transistor which is enabl ed by

BRIEF DESCRIPTION OF THE DRAWINGS:

Figure 1 illustrates a schematic diagram of an amplifier circuit within a two channel
magnetic media storage system of the prior art.

Figure 2 illustrates a schematic diagram of an apparatus according to the present
invention for switching between channels in a multi-channel magnetic media storage system.

Figure 3 illustrates a schematic diagram of the preferred embodiment of the switching
apparatus of the present invention. '

. DETAILED DESCRIPTION OF THE PREFERRED EMBQDIMENT:

The switching apparatus of the present invention switches between channels in a multi-
channel magnetic media storage system, coupling an active magnetoresistive sensor to receive
biasing current and to a pre-amplifier circuit. When a read operation is requested from a
specific location within the magnetic media storage system, an appropriate magnetoresistive
sensor is activated. Each channel includes a first transistor corresponding to the appropriate
magnetoresistive sensor which is enabled by a corresponding control signal line, causing
current to flow through the first transistor and enabling a second transistor also corresponding
to the appropriate magnetoresistive sensor. When enabled the second transistor couples the

magnetoresistive sensor to a pre-amplifier stage and to receive biasing current. The pulses of



4 an appropriate control signal line, allowng current to flow through the
first transistor to enable a second corresponding transistor that is
coupl ed to the magnet oresi stive sensor. Once enabl ed the second transi stor
coupl es the nagnetoresistive sensor to a pre-anplifier stage and to receive
bi asing current. The magnetoresistive sensor then transmts pul ses,
corresponding to the data being read f5omthe nagnetic nedium which are
anplified by the pre-anplifier stage and provided as an output to a read
channel. Multiple channels are supported, each including a magnetoresistive
sensor and first and second corresponding transistors A control |ogic
circuit prthesignals transmittes: byothe sagnetpresistive senson corfespond 4¢ thecdatanbeirig read fiomg| e
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transistor Q1B and to the emitter of the npn transistor Q2. The voltage source VS1 is

coupled to the base of the transistor Q2. The collector of the transistor Q2 is coupled to the

first terminal of the resistor R1l, to a negative input of the transconductance amplifier gl A and

to the negative input of the transconductance amplifier gIB. The second terminal of the

resistor R1 is coupled to the supply voltage Vcc. The reference voltage source Vref is

coupled between the supply voltage Vec and the positive input of the transconductance

amplifiers glA and g1B. Though the circuit of Figure 2 only shows two channels, it will be

apparent to one of ordinary skill in the art that more channels can be added and stili

accomplish the teachings of this invention.

The control logic circuit 20 provides the control output signals C3 and C4 for enabling
the operation of the transconductance amplifiers glA and gIB through the differential pair
including the transistors Q3 and Q4. A current source I1 is coupled to the emitters of the pnp
transistors Q3 and Q4. The control signal C3 from the contfrol logic circuit 20 is coupled to
the base of the transistor Q3. The control signal C4 from the control logic circuit 20 is
coupled to the base of the transistor Q4. The collector of the transistor Q3 is coupled to a
control input of the transconductance amplifier glA. The collector of the transistor Q4 is
coupled to a control input of the transconductance amplifier gIB. The output of the
transconductance amplifier glA is coupled to a first terminal of a capacitor Cext1A and to an
input of a buffer BIA. A second terminal of the capacitor CextlA is coupled to ground. The




.sensor is activated. Each channel includes a first transistor correspondi ng
to the appropriate nmagnetoresi stive sensor which is enabled by a
correspondi ng control signal line, causing current to flow through the
first transistor and enabling a second transistor also corresponding to the
appropriate magnetoresi stive sensor. \Wien enabl ed the second transi stor
coupl es the magnetoresistive sensor tg a pre-anplifier stage and to receive
bi asi ng current. The pul ses of 5 the signals transmtted by the
magnet or esi stive sensor correspond to the data being read fromthe nagnetic
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current from the current source I1 to flow through the enabled transistor and turn on the

appropriate transconductance amplifier glA or glB. The output of the enabled
transconductance amplifier gl A or glB builds a charge on the corresponding capacitor and
provides a bias current to the corresponding magnetoresistive sensor through the
corresponding transistor Q1A or Q1B, respectively. The selected magnetoresistive sensor
MRA or MRB is also thereby coupled to the transistor Q2 through the low impedance path
corresponding to the enabled transistor Q1A or Q1B, respectively.

As an illustrative example, if the storage system is executing a read operation which
requires the operation of the magnetoresistive sensor MRA, the control signal line C3 is
pulied to a logical low voltage level and the control signal line C4 is raised to a logical high
voltagc. level. This causes the current from the current source I1 to flow through the
transistor Q3 and enable the transconductance amplifier glA. The transconductance amplifier
glA generates an output which builds a charge up on the capacitor Cextl A and provides a
bias current to the magnetoresistive sensor MRA through the buffer circuit B1A and the

transistor Q1A. The signals read from the magnetoresistive sensor MRA are then coupled to
the pre-amplifier stage, amplified by the transistor Q2 and the resistor R1 and output to the
read channel. Because no current is conducted through the transistor Q4, the




.coupl ed between the supply voltage Vcc and the positive input of the
transconduct ance anplifiers glA and glB. Though the circuit of Figure 2
only shows two channels, it will be apparent to one of ordinary skill in
the art that nore channels can be added and still acconplish the teachings
of this invention. The control logic circuit 20 provides the control out put
signals C3 and C4 for enabling the operation of the tansconductance
anplifiers glA and glB through the differential pair including the
transistors @B and Q4. A current source |1 is coupled to the emtters of
the pnp transistors B and Q4. The control signal C3 fromthe control |ogic
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execut i ngconfiguration because it requires a separate external compensanon capacitor Cext and
accompanying circuitry for each channel, including a transconductance amplifier and buffer.

A schematic diagram of the preferred embodiment of the switching apparatus of the
present invention is illustrated in Figure 3. This switching apparatus switches between four
channels, using the four magnetoresistive sensors MR0O, MR1, MR2 and MR3, to read data -
stored on the magnetic medium within the storage system. The switching apparatus of Figure
3 requires only a single external compensation capacitor Cext and accompanying circuitry.

The magnetoresistive sensor MRO is coupled to the emitter of an npn transistor Q10.
The magnetoresistive sensor MR1 is coupled to the emitter of an npn transistor Q11. The
magnetoresistive sensor MR2 is coupled to the emitter of an npn transistor Q12. The
magnetoresistive sensor MR3 is coupled to the emitter of an npn transistor Q13. The
collector of the transistor Q10 is coupled to the collectors of the transistors Q11, Q12 and
Q13, to a first terminal of a current source Ibias and to the emitter of an npn transistor Q20.

A second terminal of the current source Ibias is coupled to the supply voltage Vec. A
reference voltage source Vref is coupled to the base of the transistor Q20 and to a positive
input of a transconductive amplifier 40. The collector of the transistor Q20 is coupled to a
negative input of the transconductive amplifier 40 and to a first terminal of a resistor RL. A
second terminal of the resistor RL is coupled to the supply voltage source Vce. The output



.a read operation fromone of the nmagnetoresistive sensors MRA or MRB, the

control signal line C3 or C4, corresponding to the sel ected
magnet oresi stive sensors MRA or MRB, is pulled to a | ogical |ow voltage
| evel and the control signal line C4 or C3 corresponding to the non-

sel ected magnetoresistive sensor MRA or MRB, is raised to a |ogical high
vol tage | evel. This enables the corre8ponding transistor, either the
transistor B or the transistor 4, causing the current fromthe current
source 11 to flow through the enabled transistor and turn on the
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The confrol logic circuit 30 provides the control signals C10, C11, C12 and C13 for
selectively enabling the magnetoresistive sensors MRO, MR1, MR2 and MR3, respecﬁvely.
The control signal C10 is coupled to the base of the transistor Q14. The control signal Cl11 is
coupled to the base of the transistor Q15. The control signal C12 is coupled to the base of
the transistor Q16. The control signal C13 is coupled to the base of the transistor Q17. A
first terminal of a current source 12 is coupled to the supply voltage Vee. A second terminal
of the current source 12 is coupled to a collector of an npn transistor Q18. The base of the
transistor Q18 is coupled to the base of the transistor Q19. The emitter of the transistor Q18
is coupled to a first terminal of a resistor R18. A second terminal of the resistor R18 is
coupled to ground. The emitter of the transistor Q19 is coupled to a first terminal of a
resistor R19. A second terminal of the resistor R19 is coupled to ground.

The control logic circuit 30 selects the appropriate one of the control signals C10,
Cl11, C12 or C13, depending on the active magnetoresistive sensor MRO, MR1, MR2 or MR3.
The selected control signal C10, C11, C12 or C13 is pulled to a logical low voltage level,
while the other control signals are raised to a logical high voltage level. Because of the




.7 transconductance anplifier glB is not enabled. Correspondingly, the
transistor QB is also not enabled and no bias current is provided to the
magnet oresi stive sensor MRB. In the enbodinent illustrated in Figure 2, a
switch is inplenented using the differential pair, including the
transistors @ and 4, to enable the appropriate one of the
transconduct ance anplifiers glA or gl18, depending on the current channel
fromwhich a signal is being received. This enbodi nent is advantageous over
the switching circuits of the prior art, as iIIustrated in Figure 1,
because any noi se_caused by the swtch wi [l be divided y the gain of the

f eedback gasespon qmijttsr, diffierential paie configumtipn abthe drapgisters @lﬁhalélﬁtﬁmds%?aahe of

t he anpli 51@1/\@ | Gftreht Surfent S
not the {rst ge&%? con}lguratl %ggt%mﬁdf req :‘ﬂ%tes a se&ggigefre {
ext ernal swedi g flowrtheomgh it and rthadehyt enabld tkﬁ:@mmémamxmm& RiffpR12ach
channel , I f h t | C
di agram OP-T?he p%‘?@paﬁﬂﬁ%ﬁ%@f&ﬁéﬁ%% %P-Q; 5{Epar a% ds ofeﬂg
present i Gidbd adngmal;lowwlhgeﬁveblatlmﬁxgnme The Ehnsistcs\Qlﬂinlsl,g)moqnan us
svmtches bet g‘ﬂ ur nel.s, WUSi rLetor S stlye ensor
VRO, b R sobep Bonett algpat o, L1 Y o B R, s
t he lstoragemsmsb&m Sourcé It tocﬂuvnﬂnwah%éemsleafugam m&mmmdmﬁnguiey a -
singl e external gonpensaiion capacito xt and_ac ng circuitry. e
nmagnet or e SPHEES #W%é %e‘éut’&ltzﬁ’é@ ﬁ\@r“‘gg"‘iaﬁm’! QWnsi st or
QLO. The @gnQIQBEQIQ%ﬁM@SﬁW%WQM l\/ggo bPthk lafh ﬁﬂbrtdi@ﬁltﬂftl@n npn
transistor QL1. The fqggetorem stive sensor i s _coup Ied to the enitter

of an npnapRrapridte; eRs o W%Wét%@@l@?»\/@éem&fw i Bias SUBFMAS t 0 t he
em tter ObyfRrdiiibdith ASactiv® maflletorestfifve sensor MRO, MR1, MR2 or MR3 from the bias

current source Ibias through the enabled transistor Q10, Q11, Q12 or Q13. The amplifier
circuit inciudes the transistor Q20 and the resistor RL. which amplify the signals transmitted
by the active magnetoresistive sensor MRO, MR1, MR2 and MR3.

When a read operation is to be conducted from the magnetic medium corresponding to
the magnetoresistive sensor MRO, the control logic circuit 30 pulls the control signal line C10
to a logical low voltage level and raises the control signal lines C11, C12 and C13 to a logical
high voltage level. This enables the transistor Q14, causing the current from the current
source 11 to flow through the transistor Q14 and turn on the transistor Q10. The bias current
from the current source Ibias is provided to the magnetoresistive sensor MRO through the
transistor Q10. The pulses of the signal transmitted by the magnetoresistive sensor MRO
through the transistor Q10 are amplified by the pre-amplifier stage, including the transistor
Q20 and the resistor RL, and -output as the output voltage signal Vout.

When a read operation is to be conducted from the magnetic medium corresponding to
the magnetoresistive sensor MR1, the control logic circuit 30 pulls the control signal line C11
to a logical low voltage level and raises the control signal lines C10, C12 and C13 to a logical
high voltage level. This enables the transistor Q15, causing the current from the current
source 11 to flow through the transistor Q15 and turn on the transistor Q11. The bias current



collector of the transistor QLO is coupled to the collectors of the
transistors Ql1, QL2 and Q13, to a first termnal of a current source |bias
and to the emitter of an npn transistor Q0. A second term nal of the
current source lIbias is coupled to the supply voltage Vcc. A reference

vol tage source Vref is coupled to the base of the transistor 20 and to a
positive input of a transconductive ari@tifier 40. The collector of the
transi stor R0 is coupled to a negative input of the transconductive
anplifier 40 and to a first termnal of a resistor RL. A second term nal of
t he resistor Is coupled.ta_ the. vol t.age sourc . qJhe. gut put

8 Vout of ff%&gﬁﬁﬂ”ﬂ &%ML}FPN&’?&%&?&S&%M?@%M i‘&'é%" nﬁhﬁo%l eage
differ ePCWbBt mmlmefwsﬁmhmm?hﬂﬁgahsmmgém% mdortmllf :c rst
termnal of the resistor . An t put of the transcondyctance ifier 40
i s coupl edhroyg mFiW‘eQﬁiLﬁﬁla‘”@ﬁH é"ﬁ'&ﬂ%ﬂ‘%‘ > 3 °P‘R§t4§dﬁ‘?ng@¥’ r of
an npn tr agfhgelsinal¥uiand to the cathode of diodes DO D1, D2 and D3. A
second term nal_of the capacitor Cext is coupled to ground. An anode of the

di ode DO is colffead rewl enraatigndptodre qopductad Dedc BRdumeorRPoRdng Bt or
of a pnp tg, ¢ senSSk MR \Be Chntéol fopiti GGt 3 pufis Bie'tBhedl (i @Bse of
the transistor QL1 and to the col|ector of a pnp transistor . An anode

of the di doe logicaldow yoltage deveband raispthe control mignal lines; C19,&71 1and (dAdo edogieal
he base et FolRBPIEE Yok bR B0V sBleidd e CURAA idih 5 o8P 0 ' ©
QL7. The esotuce &t & 6w tliroughr the transistor Q1Gland t@hon te Gausistor@I2. Fhe bids! quonentp| ed
{2, 2201, OLRSh 8 ok 5 Pkt Rk i
transistor Q12. The pulses of the signal transmitted by the magnetoresistive sensor MR2
through the transistor Q12 are amplified by the pre-amplifier stage, and output as the output
voltage signal Vout.

When a read operation is to be conducted from the magnetic medium corresponding to
the magnetoresistive sensor MR3, the control logic circuit 30 pulls the control signal line C13
to a logical low voltage level and raises the control signal lines C10, C11 and CI12 to a logical
high voltage level. This enables the transistor Q17, causing the current from the current
source I1 to flow through the transistor Q17 and turn on the transistor Q13. The bias current
from the current source Ibias is provided to the magnetoresistive sensor MR3 through the
transistor Q13. The pulses of the signal transmitted by the magnetoresistive sensor MR3
through the transistor Q13 are amplified by the pre-amplifier stage, and output as the output
voltage signal Vout. :

The switching apparatus of the present invention switches between channels in a multi-
channel magnetic media storage system without contributing extraneous noise to the output
signal. While the preferred embodiment of the switching apparatus of the present invention
switches between four channels, it should be apparent to those skilled in the art that a
switching apparatus, following the teachings of the present invention, could be implemented to
switch between any number of channels.



_supply voltage Vcc. The control logic circuit 30 provides the control
signals Cl10, Cl1, Cl2 and C13 for selectively enabling the magnetoresistive
sensors MRO, MR1, MR2 and MR3, respectively. The control signal Cl10 is
coupled to the base of the transistor Ql4. The control signal Cl1 is
coupled to the base of the transistor QL5. The control signal Cl2 is
coupled to the base of the transistor T16. The control signal Cl13 is
coupled to the base of the transistor QL7. Afirst termnal of a current
source 12 is coupled to the supply voltage Vcc. A second term nal of the
current source 12 is coupled to_a collector of an npn transistor 8. The

base of the trWhile theqwefeyrsl embadiment of thecpreseat ipvantion has heen ilfustrated QL9.
The e”itt%%gﬁkg . led i Pifoll i r 2 .
resistor RI8. %&%% term né&@?@ﬁ%{g?@gg%@ %1%"@%%86{%3&%8& ound.
The emit tskill isf thetaet thatthe ciseuit-of (o piesent invention may be iniplemented nsing anothér a
resi stor .17 < I i g§ SBHB! und.
The contr@%%?é§?§8@?£§ﬁ§§ E%B@éF@%Péaﬁﬁgegg%$§%9§éﬁe one n%%g&%%n gbl
si gnal s (ItGyili@lsb, beGpParent tGItse dkifledih the adthat diffenerit logic cimyitebufignsations ve
sensor MRO = r . the sel ect control signal .Cl C Cl2 or
Cl3 is puﬂ“é%g ifE‘d Il%%’ &5?‘?%%3‘:[} 8?‘{"% PFrZO'ﬁ‘n@e FBtS ol
signal s apffmﬁhgg@ﬁﬁmam{pg:cal_high ¥p|tags_|eve}.t8ec?use pftthe Q149
conmon emtter ifferential pajr confjguration he trapsistors :
QL5, Q16 and CThE Pretrat ifvepiondias boop deperlbey in,fermnt of HRPS SEDUPEI e wi 1 be
enabl ed, GRoHorMng details 't Mkilitatd MO uhdeRstardingeuFithe ogﬂesldl'doﬁsufubﬁbﬁ dndr ough it
and t hereby enpabl e the correspondi ng transistonggi A1, Q12 or,

operation of the invention. Such reference herein to specific embodiments and details thereof

is not intended to limit the scope of the claims appended hereto. It will be apparent to those

skilled in the art that modifications may be made in the embodiment chosen for illustration

without departing from the spirit and scope of the invention.



.QL3. The control logic circuit 30 will pull only one of the control signals
Cl0, Cl1; Cl2 or C13 to a logical |low voltage |level at a given tinme. The
transi stoy Eimr QL7 controlled by the selected control signal
C10, Cll“‘@ﬂ»‘“mmlﬂ abl ed, causing the current fromthe current
source 11 ow tthr dugh t he enabl ed transistor, and thereby enabling the
correspondi ng one of the transistors &20, Ql1, QL2 or QL3. The enabled
transi stor QLO, Ql1, Ql2 or QL3 couples the emtter of the transistor QO
of the anplifier circuit to the appropriate one of the magnetoresistive
sensors MRO, MR1, MR2 or MR3. Bi asw%ire{n%s al so provided to the active
magnet oresi stive sensor , , é fromthe bias current source

| bi as through the enabled transistor QL0, Ql1, Q12 or Q13. The anplifier
circuit i%cl des the transistor Q20 and the resistor RL which anplify the
signal s tM&rtsf™ted by the active magnetoresistive sensor MRO, MRL, MR2 and
MR3. When a read operation is to be conducted fromthe nmagnetic nedi um
correspondi ng to the nmagnetoresistive sensor MRO, the control logic circuit
30 pulls the control signal line Cl10 to a | ogical |ow voltage | evel and

rai ses the control sSigha gnlglihjgﬁ%lg:  swittiing Bfhnfels widli ' ' ol t age
| evel . Th?’s 'enabl.esﬁt he tra |sto?&§%ﬂ3§u5| ng tv}#utgmgaulrn?gilnt ro%ﬁhﬁé
current ssystene having 8 plurdity ofichanngls, teach cormgsponding to Opredeteninined nunbher ofie

transi sto ltnﬁ | t‘ng I bias is provided
to the rragg“r)le olr esl's %@é%cgﬁé%% %greoug'ﬁté%e rrag(ss)llﬂér%ontg' QL0. The pul ses
of the signal &ranaplumbty dfactivationeincuits,cone Sorséacl ehannels and ¢dblDcorfigaredifot he
transistor QlLO-are appl.ified by fhe.pre-anplifier stage,.including.ihe
transistor Q0 and % %ﬂ"gf"(‘i&“ﬁﬁs‘gﬁﬂﬁg bya%"?rﬁeég‘ﬁﬁf'}?LfWS?f Y%i gnal
Vout. Wien a read @psogtion is to be conducted fromthe magnetic nmedi um .
corresponding to the

magnet oresj stive sensar the control logig circuit
30 pulls the Bnt rcﬂ?lgﬁagﬁeﬂf_@?eﬁ@gm%%? gbﬁ"f\“/glﬁm?“ﬁ‘n/f‘?fcﬁ“_? 3 Vend
rai ses the control chk@f@le detitition Chbuitsehd Ry WedcdrRsponldidgirkaghetoresistive

sensor; and
c. a control circuit coupled to each of the enabling circuits for controlling
operation of the enabling circuits.
2, The switching apparatiss as claimed in claim 1 wherein the enabling circuits

each comprise an enabling transistor, and an emitter of each of the enabling transistors are
coupled together in a differential pair configuration supplied by a current source, so that a
selective one of the enabling transistors is turned on by the control circuit, causing enabling
cutrentfromﬁxecurrentsoureetoﬂowihroughtheselecﬁveoneoftheenablingtransistors to
the selective one of the activation circuits.

3. The switching apparatus as claimed in claim 2 further comprising a biasing
current source coupled to each of the activation circuits for providing biasing current to the
corresponding magnetoresistive sensor through the selective one of the activation circuits.



.high voltage | evel. This enables the transistor QL5, causing the current

fromthe to flow through the transistor QL5 and turn on
t he transﬂ!il“i@m@ﬁu as current 10 fromthe current source lbias is
provi ded i i stive sensor MRL through the transistor QL1. The

pul ses of the signal transmtted by the nmagnetoresistive sensor MRL through
the transistor QL1 are anplified by tA8 pre-anplifier stage, and output as
t he out put voltage signal Vout. When a read operation is to be conducted
fromthe magneti c nmedi um corresponding to the nmagnetoresistive sensor MR2,

the contrpl logic ¢jrcujt .30 pulls the control signal line Cl2 to a_l ogical
| ow vol ta‘ﬁe | evel i‘h syitching ‘Eéﬁﬂ%&‘“s‘ﬂgﬁ%@qgﬁg?@mfmﬁfnéﬁ’t?‘@3 to a
| ogi cal hiigtit ¢OlPIQD® dacly 8f the hbiivatiom ofduts fér*‘ﬁxﬁlifﬁﬂ% sighdlé rhdkfhittedBysthey t he
current fromthe current source I'1 to flow through the transistor QL6 and
turn on t9PEresnopdiag magpetesesistiveisenser thsoughthe splective,pne ofcthe agtivation eeiitse | bi as
I's provided to the magnetoresistive sensor MR2 through the transistor Q2.
The pul ses of the signal transmtted by the magnetoresistive sensor MR2

t hrough the transi Jheswitshingapparatys|asiclaimedin claim 4 fusthanesinipkisiog astingle, and
out put as U%ﬁg& tc@ﬂﬁ | . a read operation is to be
conduct ed om%hlg gﬁ;é’tic ?réé iu%k%h;{'?'{riéllsf%%gl'ng to the magnetoresistive
sensor MR3, the control logic circuit 30 pulls the control signal line C13

to a logigal |low vgLta l.evel and raises,the .control.signal.lings .Cl0, Cl1
b C12 18" 1 og: o e ARTRNEE FioaBile ds e i Gaig 8 bbeint Bt e BB
causi ng t éifcuits inchide ah ractivatibs transistorihabled by the enabling current. )

7. The switching apparatus as claimed in claim 6 wherein the control circuit
provides a logical low voltage {evel signal to a base of the selective one of the enabling
transistors and a logical high voltage level signal to a base of non-selected enabling
transistors.

8. A switching circuit within a multi-channel storage system, including a plurality
of magnetoresistive sensors each for writing data to and reading data from specific locations
on a magnetic medium, comprising:
a.  a plurality of channels, each configured for activating and receiving signals
generated by a corresponding one of the magnetoresistive sensors and

including:
i an activation circuit configured for
activating communication with the
corresponding magnetoresistive

sensor; and



.source ITto fTow through the transistor QL7 and turn on the transistor
QL3. The &y the current source Ibias is provided to the
nagnetoreimani“{lglﬁmmn through the transistor QL3. The pul ses of the
signal transmittednbysthe magnetoresistive sensor MR3 through the
transistor QL3 are anplified by the pre-anplifier stage, and output as the
out put voltage signal Vout. The switchdng apparatus of the present

i nvention switches between channels in a multi- channel magnetic nedia
storage system wi thout contributing extraneous noise to the output signal.
Wil e the prefered enbodi ment of .the.s 'tch'eg paratus of the present

i nvention switches betwken fa&ff’a@Wﬁr’l’H&“ °°“P{ g‘h%l d be apparent to those

skilled in the art that a swictiedtion gireiORE aiabling thel | owi ng the teachi ngs of
the present invention, could he jnp|enented to switch between any nunber of

channel s. Wil e the pref ACHERHOR GBS 3nd Y the present invention has
been illustrated and descri gy %Wﬁﬁhﬁd circuit bipolar transistors
it will be apparent to a person of ordinary skill in the art that the

circuit of the present inverfogngtorsistivecssensosiaasdent ed usi ng anot her devi ce
t echnol ogy, i Rcl udi s |t | s and
gy, 1 Rcl udhRgndiilcirtfit cduplid @%%f%n%oﬁgéﬁﬁ%gﬁoﬁﬁg????ﬂfe

ECL. It wil al so be apparent t0 those ski erent

| ogi ¢ circuit confcbamrelsi ons coul d be substituted for the logic circuit
descri bed above to performthe functions of the preferred enbodi nent. The
present invention has been described in terns of specific enbodi nents

i ncor por &.i ng det aiThe switcliing ¢irduitass clairhed inrethim 8 wihiein gheodontrblecirpnit mosupdses  of

construct ﬁlgtnon?ytlg single channel is operational at a time.

10. The switching circuit as claimed in claim 8 wherein the enabling circuit
includes an enabling transistor having a base which is coupled to the control circuit.

11. The switching eircuit as claimed in claim 10 wherein each enabling transistor
further includes an emitter and further wherein all of the emitters of each of the enabling
transistors are coupled together and to receive enabling current from a current source,
whereby the control circuit activates a base of a selective one of the enabling transistors
causing enabling cutrent to flow through the enabling transistor to a corresponding activation
circuit.

12. The switching circuit as claimed in claim 11 further comprising a single
compensation capacitor coupled to the activation circuits of each channel.

13. The switching circuit as claimed in claim 12 wherein the base of the selective
one of the enabling transistors is activated by the control circuit pulling the base to 2 logical

low voltage level.



_operation of the invention Such reference herein to specific enbodi nents

and det intended to limt the scope of the clains
appendea‘\“gj|S \lmmm)be apparent to those skilled in the art that

nodi fi ca es matle in the enbodi nent chosen for illustration wthout
departing fromthe spirit and scope of the invention. 12 CLAI M5 W
Caim 1. A swi tching apparal®s for switching channels within a

mul ti channel storage system having a plurality of channels, each
corresponding to a predeterm ned nunber of storage |ocations and each

i ncl udi ng ,a magnet gresi stive sens rising: Jurality of
activati o ci rgui t PrBﬂEpl*éE/?F %&%ﬁg’éﬁﬁ'ﬁﬁ %ﬂ@géﬁb@bﬁ Eil fo?/
acti vat i NgaghbMrdsBEM Mnhes wﬂﬁﬁi SoulRASHR SrdpY setéiR hERSDS Pkl of channels,

magnet or esi St i ve sensor; b. a plurality of enabling circuits, one for
each charfi#eh co W‘%‘E\“&éﬂ e lggations CampIisg: ci r cui ts and
t hereby the cgrresg mﬁg&@%@@@p&m c@nﬁ}%&fd
circuit caupled to each of the enabling circuits ontro?lln operation

of the enabling ci nmausgmzdwwvmgmmmlmammm ivered in
claim1l wherein the, &ﬁlabl ing circuits each conprise an enabling transistor,
and an enmitter of each’of the enabli ng transistors are

' b. a plurality of enabling circuits, one for each channel, coupled to a

corresponding activation circuit for enabling a selective one of the activation
circuits and thereby a corresponding magnetoresistive sensor; _

c. a control circuit coupled to each of the enabling circuits for controlling the
operation of the enabling circuits and activating one enabling circuit at a time
corresponding to the selective one of the activation circuits;

d. a biasing current source coupled to the activation circuits for providing biasing
current to the corresponding magnetoresistive sensor through the selective one
of the activation circuits; and

e. an amplifier circuit coupled to each of the activation circuits for amplifying
signals transmitted by the corresponding magnetoresistive sensor through the
selective one of the activation circuits.

15. The preamplifier circuit as claimed in claim 14 further comprising a single
compensation capacitor coupled to the activation circuits.

16. The preamplifier circuit as claimed in claim 15 wherein the enabling circuits
each comprise an enabling transistor and all of the enabling transistors are coupled together in
a differential pair configuration supplied by a current source, so that a selective one of the
enabling transistors is turned on by the control circuit, causing enabling current from the
current source fo flow through it to the selective one of the activation circuits.



_coupled together in a differential pair configuration supplied by a current
source, so that a selective one of the enabling transistors is turned on by
the ¢ ot [ usi ng enabling current fromthe current source to
flow ammﬂmflmﬂmmmﬁ ve one of the enabling transistors to the selective
one of the acdtiVatton* circuits. 3. The swi tching apparatus as
claimed in claim2 further conprisingl® biasing current source coupled to
each of the activation circuits for providing biasing current to the
correspondi ng nmagnet oresi stive sensor through the selective one of the
actlivatlogqCircul t Sype fitier clrouxtascl xIc.t.Hams%Clly at%f"{ﬁ VSL gl med
in claim3 further conprising an A T T Ui t couple eac ?nthe
act i vat i omircuitsdo¢lude dmuctmatphltfayswtg &mdahsbytthamhhngamrehty t he correspondi ng
magnet or esi stive sensor through the selective one of the activation
circuits. 5. The switching apparatus as clainmed in claim4 further
conpri si ngga si ngl emmﬂ&idﬁﬁctﬁwaﬁimaf inCdMﬁlleﬁkllHef;biﬁ g&_h&ﬁibilmghia?ﬂsvt\%r _
circuits g.apparatus as clainmed in claim erein
each of tH@'&‘?ﬁP\P&ﬁW@F‘bm" MEHe an activation transistor enabl ed by
the enabling current. 7. The switching apparatus as clainmed in
claim6 wherein the controllg{qrcwt pI’OVI des a | ogi cal, | ow vol tage | evel

signal to 13- pase of The,preamplifier cipgnitaseslaimed inclapmy Wﬁ%ﬁ@?ﬁ%ﬁ%ﬁf@%
| ogi cal h'eﬂﬁblﬂx@'tfaﬁﬂﬁo&qyﬁﬁnél'&r@ thE@oxﬁ:ob@ﬁ&ntoicu &lagt ed enabling

transistors. 8. A swtching circurt wthin a nmulti-channel storage
system incl ud| ng a plurality
20. The preamplifier circuit as claimed in claim 19 wherein the bases of the

enabling transistors are activated by pulling the selected base to a logical low voltage level.



~of magnetoresistive sensors each for witing data to and reading data from

specific locations on a magneti c nedi um conprising: a. a plurality of
channel s, each configured for activating and receiving signhals generated by
a correspondi ng one of the nmagnetoresistive sensors and including: i. an
activation circuit configured for activating comunication wth the
correspondi ng nmagnet oresi stive sensorl7and 14 ii. an enabling circuit
coupled to the activation circuit for enabling the activation circuit and
thereby activating the correspondi ng magnet oresistive sensor; and b. a

ont Ol o KEphRsgUB! $0u u %w&%ﬁxﬁb ChRuRREE" Wi sl ceAsmaReT at i on

of the channe WRINE PREAMPLISTIRR etiRcvax clainmed in claim8
wherein the control CIrCUIt ensures that only a single channel is

operational at a tine. 10. The switching circuit as clained in
claim8 wherein the enabling circuit
ABSTRACT

A switching apparatus for switching between channels within a read/write pre-amplifier
circuit in a multi-channel magnetic media storage system switches between the channels and
aﬁmksanaawenmgmmmwkﬁve&m&xtonxzhebhdmgcmmnﬁamiu)apmwmmﬁﬁm'
circuit. When a read operation is requested from a specific channe! within the magnetic
media storage system, a control signal line corresponding to an appropriate magnetoresistive
sensor is activated. Each channel includes a first corresponding transistor which is enabled by
anapmnpdﬂzcdﬂmﬂﬁ@nﬂ!hw,ﬂhwﬁngcmnnﬁ«:ﬂow%hmmghﬂmrﬁmt&mwk&xtp
enable a second corresponding transistor that is coupled to the magnetoresistive sensor. Once
enabled the second transistor couples the magnetoresistive sensor to a pre-amplifier stage and
to receive biasing current. The magnetoresistive sensor then transmits pulses, corresponding
to the data being read from the magnetic medium, which are amplified by the pre-amplifier
stage and provided as an output to a read channel. Multiple channels are supported, each
including a magnetoresistive sensor and first and second corresponding transistors. A control

logic circuit provides the control signal lines, one for each channel. A single compensation
capacitor is included.

Figure 3



i ncl udes an enabling transistor having a base which is coupled to the

control circuit. 11. The switching circuit as clained in claim10

wherein each enabling transistor further includes an emtter and further

wherein all of the emtters of each of the enabling transistors are coupled

together and to receive enabling current froma current source, whereby the

control circuit activates a base of a selective one of the enabling

transi stors causing enabling current to flow through the enabling

transi stor to a correspondi ng activation1 brcuit. 12 The swi tching

circuit as clained in claim11 further coZprising a single conpensation

capacitor coupled to the activation circuits of each channel. 13.

The switching circuit as claimed in claim 12 wherein the base of the

sel ective one of the en bling transistors is activated by the control

circuit pulling thepas¥+e a | ogical |ow voltage |evel. 15 14.

A preanplifier circdit fordanplifying signals read by a plura,itndﬁ

magnet or esi stive se@8brs % 7 a nulti-channel storaqugxstenrhaving a
corresponding to a predefergdled hunber of

—eafy, a pl ekl ity of abtd e~ circuits, one

- ‘-:f'Led“‘ﬁﬂﬁactlvating.and ecei ving signals

generated by &t r§spondi ng maghetwbEpFsti ve s¢nsor; b. a plurality of

enabl i ng circuij?f dne for each chanhQEf'coup €0 tmf@

f or each. channel 3
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correspondi ng activation circuit for enabling a selective one of the
act'ivation circuits and thereby a correspondi ng magnet-or esi stive sensor; c.
a control circuit coupled to each of the enabling circuits for controlling
t he operation of the enabling circuits and activating one enabling circuit
at atime corresponding to the selective one of the activation circuits; d.
a biasing current source coupled to the activation circuits for providing
bi asing current to the correspondi ng magnet oresi stive sensor through the
sel ective one of the activation circuits; d e. an anplifier circuit
coupled to each of the activation cirguit or _anplifying signals
transmtted by the correspondi hg magm resistive sensor through the

sel ective one of the activatiop circ 15. Fhe®preanplifier
circuit as clainmed in c{aim214|fur sonpri si nd &éi/ndl €] conpensati on
capacitor coupled to th¥eactivhti# ‘Miits. 16.] ‘e The preanplifier
circuit as clained i i ‘ e epabl i Clascuits each conpri se
an enabling transi st &g 2 enabl | fg—tTansi stors are coupl ed
together iin a differgnti gur ati on supplied by a current source,
so that a selective ¢ ing transistors is turned on by the
control circuit, cauqing engg 3 eerart he current source to flow
through it to-the sellective |ong &% ~~%#z?tion circuits. 16 17.

The preanplifier-_citBigbt -as [clpi-n 1? wherei n each of the
activation wﬁij;h- :




v

gircuits include an activation transistor turned on by the enabling current
18. : The preanplifier circuit as clained in clam 17 wherein each
enabling transistor includes a base coupled to the control circuit. 19.

The preanplifier circuit as clainmed in claim 18 wherein the selective one
of the enabling transistors-is turned_on by the control circuit activating
Its base. 20. The preanpli?/ér circuit as clainmed in claim19
wherein the bases of the enabling transistors are activated by pulling the
sel-ected base to a logical |ow voltage |evel
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