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.1 SINGLE- ENDED SUPPLY PREAMPLI FI ER W TH HI GH PONER SUPPLY REJECTI ON RATI O
FI ELD OF THE | NVENTI ON: The present invention relates to the fi:?j}égi
anplifiers within nmagnetic storage systens using magnetoresi sti nsé??ﬁi%o
In particular, the present invention relates to the field of |ow noise

anplifiers for anplifying a signal rkceived froma magnetoresistive sensor
within a nmagnetic storage system BACKGROUND OF THE | NVENTION: To read
recorded data froma magnetic nedia storage system a read/wite head

i ncl udi ng a magnet or esi meEsQNBED S‘él’ﬂag FREAMPLIEIER gnet i ¢ nedi um and

transduces the nagne?nﬁxﬁﬁ@@ og signal that
alternates in polarity 'S analog S|gn Pgﬁ?ﬁ§§ an%?ﬂibed by a
pre-anplifier stage within the nagnetic nedia storage system and provided
to and qﬁﬁﬁgﬁﬂigﬁﬂéiﬁi £ el circuitry, included in a circuit that is
general | % board within the host system to reproduce t he
di gi tal dat a.ThljsesehCinteitionirklftes ¢ thefield bfSamislifREwithin

read/wite chip coupled inside the storage nedja syste Typi C the _
read/ wr i YERE seaspoh: do prrticglas (he preseat inyRat Q@g ﬁwfee §°g‘hof

the r eadid drfplitnPfor Siphifgh bignil i ronh'§ nBiRAbicbsRVe ftior Wifin bt | S O

di ssi pate the m ni nrum anount  of power possible and add the n1n|nun1annunt
of spur i Bagncsr StorREcEsteMoi se possible to the signal. The small signa

extracted fromthe magnetic media by the read/wite head can al so be

acconpani ed by spurious signals induced though
BACKGROUND OF ON:

To read recorded data from a magnetic media storage system, a readfwrite head .
including a magnetoresistive sensor is passed over 4 magnetic medium and transduces the
magnetic transitions into pulses of an analog signal that alternates in polarity. This analog
ﬁgmﬂisﬂwnamwﬁﬁcdbya4xeamuﬂﬁkwswgevmmhxﬂw:nqgmﬁotmuﬁammmgpstmn
andpnnmkdtoanddaxdaibyﬂwdcmmmdtmmmtm inctuded in a circuit that is generally
mounted on a motherboard within the host system, to reproduce the digital data.

Thepnawmﬂﬁkrdnmhisgawmﬂyhmhﬂaiwﬁﬁnaxaﬁhmﬁecﬁpomqﬂaiﬁswe
the storage media system. Typically, the read/write chip is encapsulated in 2 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
capacifive or inductive coupling and wide band noise.

The quality of the signal 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




capacitive or inductive coupling and w de band noise. The quality of the
signal provided to the read channel circuitry is inportant to the
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 2ead channel in order to get a true
digital representation of the data read fromthe storage nedium Any noi se
i ncluded within the signal output fromthe storage nedia system nay 2
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magnet or egi St i V?Z‘& %ﬁgrrent; MR _whi ch senses_bi nary "dat ae$rom aumagnet I C
nedi um zﬂ'i‘%ﬂ! cirquit tapeht by dever et @h dni ﬂﬁgmdnémmmdiﬁct i on
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enitter dragaetimediume iEhegesistange of theoMR clement changes as the magnetic mductaon from
thcmagneﬁcmedmmchnng&s. A first terminal of the MR element is coupled to ground. A
second terminal of the MR element is coupled to the emitter of an npn transistor Q1. The
collector of the transistor QI is coupled to the emittér of an npn transistor Q2 and to the
col_lectaor of a pnp transistor Q3. A first terminal of a voltage supply V1 is coupled to ground.
A second terminal of the voltage supply V1 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 the transconductance amplifier g0. The second terminal of the resistor
R1 is coupled to a supply voltage Vec. A positive input of the amplifier g0 is coupled to a
positive input of the transconductance amplifier g1 and to a first terminal of the reference
voltage source Vref. A second terminal of the reference voltage source Vref is coupled to the
supply voltage Vec. lheomputofﬂ:eamphﬂergOmooupledtothebaseofthetranslstorQl
and to the first terminal of a capacitor C1. The second terminal of the capacitor Cl is
coupled to ground. Amgatwemputoftheamphﬁergllsconpledtomeemmerofthe
transistor Q3 and to the first terminal of the resistor R2. The output of the amplifier g1 is
coupled to the base of the transistor Q3 and to a first terminal of a capacitor C2. A second

terminal of the capacitor C2 and a second terminal of the resistor R2 are coupled to the
supply voltage Vee.



collector of the transistor QL is coupled to the emtter of an npn
transistor Q2 and to the collector of a pnp transistor @B. A first term nal
of a voltage supply V1 is coupled to ground. A second term nal of the

vol tage supply V1 is coupled to the base of the transistor 2. The
collector of the transistor 2 is coupied to the first termnal of a
resistor RL and to a negative input of the transconductance anplifier g0.
The second termnal of the resistor Rl is coupled to a supply volage Vcc. A
positive input_of the amplifier g0 is coupled to positive input of the

t ransconduct archﬁ @H’p? Wempgﬁeramw@faﬁm Lis !eéhm‘hﬁaﬂesw Rie Thefemittorcf

vol tage Sfkliaksisléh tndnef v, ﬁﬁﬁaﬁt r ef
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3 The gain of thea lifier circuit of Fiqure 1 |s set ythere5|stor R1.
The em t t @pangrof gircnity  Thig feedback cirqurtingludes & fosyrard; gein path prd a revesse: |

The out pugaiy Bhthd AheSeeirst gatP phth Hicludes the transconductance amplifier 0. The forward
gain path includes the transistor Q1, the resistor R1 and the MR element. The
transconductance amplifier g0 amplifies the output voltage signal Vout represented by the
difference between the reference voltage Vref and the voltage level at the first terminal of the
resistor R1. The output signal generated by the transconductance amplifier g0 is used to
control the level of charge built up across the capacitor C1. The level of charge across the
capacitor C1 controls the operation of the transistor Q1 through which current is provided to
the MR element. ; _

A second feedback circuit is used to supply additional biasing current through the
transistor Q1 to the MR element. This allows the amplifier circuit to provide a larger biasing
current to the MR element. In addition the forward gain of the circuit is also increased. The
transconductance amplifier gl amplifies the difference between the reference voltage Vref and
the voltage level at the first terniinal of the resistor R2 to generate a control current through
the transistor Q3. This output of the transconductance amplifier g1 is used to control the
level of charge built up across the capacitor C2, which controls the operation of the transistor
Q3. The transistor Q3 converts the control voltage across the capacitor C2 into a control
current provided to the emitter of the transistor Q2. This control current is provided to the
MR element through the transistor Q1. The configuration of the transistor Q2 prevents this
control current from ﬂowing to the resistor R1. Because the impedance of the transistor Q3
as seen from the emitter of the transistor Q2 is much higher than the impedance at the emitter



the anplifier circuit is provided as the voltage difference between the
‘first terminal of the resistor RL and the first termnal of the reference
vol tage Vref. The output voltage signal Vout corresponds to an anplified
version of the input signal current devel oped by the MR el enent while being
concurrently biased with the biasing céirrent fromthe transistor QL. The
reference voltage Vref sets a predeterm ned current through the resistor Rl
by neans of a feedback circuit. This feedback circuit includes a forward

gain path d a rever e in th The reverse ainp th |ncI udes t he
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control s tamsngamentwilbeausé distoetian aadgesiltdn poor power supply rejection by the amplifier
circuit.
The output impedance of the amplifier circuit of Figure 1, looking from node A, at the
collector of the transistor Q2, towards ground is demonstrated by the following equation:

Tou = Lol + gMgeTey)

Where r,, is the output impedance of the transistor Q1 taken in parallel with the transistor Q3.
At the node B, looking from the emitter of the transistor Q2 towards the collector of the
transistor Q3, the DC current is generated by the transistor Q3 and the resistor R2. The
transistor Q2 is therefore not in the DC loop. '

What is needed is a single-ended amplifier circuit which has a greater power supply
rejection ratio than the amplifier taught by Jove et al.. What is further needed is an amplifier
circuit which provides a greater output impedance. '



@B. The transistor (B converts the control voltage across the capacitor C2
into a control current provided to the emtter of the transistor . This
control current is provided to the MR el enent through the transistor QL.
The configuration of the transistor @ prevents this control current from
flowing to the resistor RL. Because the inpedance of the transistor B3 as
seen fromthe emtter of the transist& Q@ is nmuch higher than the

I npedance at the emtter 4 of the transistor @, nearly all of the ac
signal current originating fromthe MR element is directed toward the
-re5|stor‘h : S|gnal current of the MR elenent to flow
t hr ough t5H anplifier circuit of Figure 1, the base of

the transistorg @glb%naafammhﬁepcﬁémduémla etiOmbdifl topde s§Reny -

However, the resistor R1L coupled to the collector the transistor 2 and
the t r andnaludgs cimuitsoion cens !m@ammdemmfyma@mlasmt@# Y®, which both
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at the quﬁrsttremsnmlmchidedrﬁu mmwﬁbfmm&enmfpmmmémtw
the. tr ancPEEr e eiehl bl e ekl oy icfeaf A i cRfpRR ' °° 1
refer enceuircum ggneratada\ﬁstlbiashﬁe:umm povidedRd thmﬂ:agﬂm:'ésimelemmt (Bheofinst
;ﬁ;e;ggﬁl h.e sgiga & vob ?Mc' this ar E‘Sﬁ'gwﬁgﬂnﬁ’%?f’&g sf? di stortlon
lmﬂwznﬂmcm@mtmgmﬂamianﬁﬁumevnhmp A second feedback circuit generates, a
&xomibhﬁngcunmﬂ;uoﬁﬁodu;ﬁmlnmgmkmaﬁmveehnmmt The second feedback circuit
includes a second transconductance amplifier which amplifies the difference between the
reference voltage and a voltage signal taken from a node between two resistors. A transistor
is coupled between the receiving circuit and the first resistor for controlling the generation of
the output signal by the first resistor. The transistor is controlled by the output of the second
transconductance amplifier and a first capacitor. The first resistor, the transistor and the
second feedback circuit are all referenced to the single-ended supply voltage for providing an
increased power supply rejection ratio. The second biasing current is provided through two
resistors thereby increasing the output impedance of the amplifier circuit.

C] N RAWINGS:
Figure 1 illustrates a schematic diagram of a single-ended amplifier circuit for a
magnetoresistive sensor of the prior art. -
Figure 2 illustrates a schematic diagram of a single-ended amplifier circuit according
to the present invention.
Figure 3 illustrates a detailed schematic diagram of the preferred embodiment of the
single-ended amplifier circuit of the present invention.



circuit. The output inpedance of the anplifier circuit of Figure 1, |ooking
fromnode A at the collector of the transistor @2, towards ground is
denonstrated by the follow ng equation [err] Were [err] is the output

I npedance of the transistor QL taken in parallel with the transistor 3. At
the node B, |looking fromthe emtter of the transistor @ towards the
collector of the transistor 3, the D& current is generated by the
transistor @B and the resistor R2. The transistor Q2 is therefore not in
the DC | oop. What is needed is a single-ended anplifier circuit which has a

greater pawely ﬁ hg . taught by Jove et
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generates a first biasi nrq current provided to the Magnetoresistive e errent

The fi r stterminal of a resistor R1 and to a negative input of a transconductance amplifier g0. The
second terminal of the resistor R1 is coupled to the supply voltage Vce. A positive input of
the amplifier g0 is coupled to a positive input of the transconductance amplifier gl and to a
first terminal of the reference voltage source Vref. A second terminal of the reference voltage
source Vref is coupled to the supply voltage Vcc. The output of the amplifier g0 is coupled
to the base of the transistor Q1 and to the first terminal of a capacitor Cext. The second
terminal of the capacitor Cext is coupled to ground. A negative input of the amplifier gl is
coupled to the second terminal of the resistor R3 and to the first terminal of a resistor R2. A
second terminal of the resistor R2 is coupled to the supply voltage Vce. The output of the
transconductance amplifier gl is coupled to a first terminal of a capacitor C2 and to the base
of the transistor Q2.- The second terminal of the capacitor C2 is coupled to the supply voltage
Vee.

In the amplifier of the present invention, the transistor Q3 and the voltage source V1,
included within the amplifier circuit of Figure 1, are eliminated. The gain of the amplifier
circuit is set by the resistor R1. Bias current is supplied to the MR element through the
emitter of the transistor Q1. The output voltage signal Vout of the amplifier circuit is
provided as the voltage difference between the first terminal of the resistor Rl and the first
terminal of the reference voltage Vref. The output voltage signal Vout corresponds to an
amplified version of the input signal current developed by the MR element while being
concurrently biased with the biasing current from the transistor Q1.



feedback circuit includes a first transconductance anplifier which
anplifies the difference between the output signal and a reference voltage.
A second feedback circuit generates a second biasing current provided to

t he magnetoresistive elenent. The second feedback circuit includes a second
transconductance anplifier which anplifies the difference between the
reference voltage and a voltage signal 7t aken from a node between two
resistors. Atransistor is coupled between the receiving circuit and the
first resistor for controlling the generation of the output signal by the
first resistor, The transistor i$ controlled by the output of the second
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element. The forward gain path includes the resistor R1, the transistor Q1 and the MR _

element.

A second feedback circuit is used to supply additional biasing current through the
transistor Q1 fo the MR element. The transconductance amplifier g1 amplifies the difference
between the reference voltage Vref and the voltage level at the first terminat of the resistor R2
to control the operation of the transistor Q2. The output of the transconductance amplifier g1
is used to control the level of charge built up across the capacitor C2, which thereby controls
the operation of the transistor Q2.

The DC current of the amplifier circuit of the present invention is provided through
the resistors R2 and R3. The transistor Q2 is also in the DC loop. The base of the transistor
Q2 is referenced to the voltage supply Ve in the amplifier circuit of the present invention,

' through the transconductance amplifier-g1 and the capacitor C2. The resistor R1, coupled to
the collector of the transistor Q2, is also coupled to'the supply voltage Vee. The resistor R3,
amphd«:&wemmumofﬁwtnmﬁmbrqp,hahoomqﬁﬂtoﬁméwmﬂyvdugp\hcﬂmmgh
the resistor R2. Therefore, as the level of the supply voltage Ve fluctuates, the level of the
current provided by the resistor R1, the level of current flowing through the resistors R2 and
R3 and the operation of the transistor Q2 will all fluctuate proportionately, cancelling out the
deviation and providing a constant response at the output voltage Vout. Accordingly, less
noise will be introduced to the amplifier circuit due to inherent changes in the level of the
supply voltage Vcc, thereby providing for a greater power supply rejection ratio.



6 DETAI LED DESCRPTI ON OF THE PREFERRED EMBODI MENT: A schematic di agram of
the preferred enbodi nent of the single-ended anplifier of the present
invention is illustrated in Figure 2. Afirst termnal of the MR elenent is
coupled to ground. A second termnal of the MR elenent is coupled to the
emtter of an npn transistor QL. The collector of the transistor QL is
coupled to the emtter of an npn trangistor 2 and to the first term nal of
a resistor R3. The collector of the transistor @ is coupled to the first
termnal of a resistor RL and to a negative input of a transconductance

anplifier go. e Q ] of ..khe.resi r .S, C L to e
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Vol t age. <BTRegEg;akng Splifiep el of o orésent sriden foabine ron node K 19, £io0d B ¢ ne
anpl i fi er déflorstrate® by dRSfoll @agm: of the transistor QL and to the first
term nal of a capacitor Cext. e second term nal of the capacitor Cext is

coupled to ground. A negative input.of the anplifier gl is coupled to the
second term nal of the resistor %@p%@%&ggzhyst termnal of a resistor
IS cou

R2. A second ternminal of the resi%tor |l ed to the supply voltage
Vcc. The output of the transconductance anplifier gl is coupled to a first
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amplifier circuit of the present invention is illustrated in Figure 3.

. The single-ended amplifier circuit of the present invention is designed to be included

within a magnetic media storage system, wherein data is read from magnetic media using an

MR element. The amplifier circuit of the present invention amplifies the signal read by the

MR element and provides it as an output signal Vout. The amplifier circuit of the present

invention is configured for providing the output signal Vout to read channel circuitry to

reproduce the data read from the magnefic media in a digital format.

While the preferred embodiment of the present invention has been illustrated and
described as an integrated circuit using bipolar transistors, it will be apparent to a person of
ordinary skill in the art that the circuit of the present invention may be implemented using
another device technology, including but not limited to CMOS, MOS, discrete components
and ECL. It will also be apparent to those skilled in the ‘art that different logic circuit
configurations could be substituted for the logic circuit described above to perform the
functions of the preferred embodiment.




circuit is set by the resistor RL. Bias current is supplied to the MR

el ement through the emtter of the transistor QL. The output voltage signal
Vout of the anplifier circuit is provided as the voltage difference between
the first termnal of the resistor RL and the first term nal of the
reference voltage Vref. The output voltage signal Vout corresponds to an
anplified version of the input signal ﬁurrent devel oped by the MR el enent
whi | e being concurrently biased with the biasing current fromthe

transi stor QL. 7 The reference voltage Vref sets a predeternined current
through the resgistor Rl by neans of a feedback circuit, again including a
forward gain pﬂmrmt wwml@éb@mmmwroém @Qgﬁwﬂl i ncI udes

t he trans g&agg}gl &Qzﬂ&x 9%94'"@5#
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provi ded % S ACFREAYi ncl udes the resistor RI,
the transistor QL and the VR, eI errent A second feedback circuit is used to
supply additional biasing current through the
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transistor QL to the MR elenent. The transconductance anplifier gl
anplifies the difference between the reference voltage Vref and the vol tage
| evel at the first terminal of the resistor R2 to control the operation of
the transistor 2. The output of the transconductance anplifier gl is used
to control the level of charge built 4P across the capacitor C2, which

t hereby controls the operation of thé transistor 2. The DC current of the
anplifier circuit of the present invention is provided through the
resistors R2 and R3. The transistor Q i.s also in the DC | oop. The base of
the transistor Q2 is referenced to ¢peayagisage supply Vcc in the anplifier
circuit of the present invention, through the transconductance anplifier gl
and the capacitor C2. The resistor Rl, coupled to the collector of the

transistq&‘gﬁmuis al so coupled to the supply voltage Vcc. The resistor R3,
coupled to the emtter of the transistor @2, is also coupled to the supply
vol tage Vcc through the resistor R2. Therefore, as the level of the supply

Ri, the Fovel of  cab FRpite tifor spulanioosly ikt 86 Fplifine figral Lo ¢ o'
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anpl i fi eandédniptisinglue t o i nherent changes in the [evel of the supply _

\8/0Itage Vcc, ihereal)%/ecgigi%\élcﬂwi ct];ncf)irguraed reggw%eéﬁ%pgw%gﬁé‘on ratio.
magnetoresistive element;

b.  a first circuit element for setting a gain of the amplifier circuit and providing
an output signal corresponding to the $ignals generated by the magnetoresistive
element;

c. a reference voltage coupled to the single-ended supply voltage;

d. a first biasing circuit for providing a first biasing current to the
magneforesistive element, the first biasing circuit controlied by a first voltage
difference between the output signal and the reference voltage;

e. a second biasing circuit for providing a second biasing current to the
magnetoresistive element, the second biasing circuit controlled by a second
voltage difference between a first voltage level and the reference voltage; and

f  a first transistor coupled between the receiving circuit and the first circuit
element for controlling generation of the output signal by the first circuit
clement, wherein the first circuit element, the transistor and the second biasing
circuit are all referenced to the single-ended supply voltage for providing an
increased power supply rejection ratio.

o2 The amplifier circuit as claimed in claim 1 wherein the first circuit element is a
resistor.
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The out put inpedance of the anplifier circuit of the present invention is
increased due to the control of the transistor @ by the transconductance
anplifier gl. The output inpedance of the anplifier circuit of the present

i nvention | ooking fromnode Ato ground is denonstrated by the foll ow ng
equation: [err] The output inpedance r[err] is therefore increased over the
anplifier circuit of Figure 1, due to tle dc gain Alerr] of the
transconductance anplifier gl. A detailed schematic diagram of the
preferred enbodi nent of the single-ended anplifier circuit of the present

invention js illustrated Lo Figure 3.. The single-ended appljfi.er circuit of’
the presenrt inventi ?W@?i?ﬁ’é‘&a’t g‘“‘ﬂ?lai‘ﬁfiq}gé’df'ﬁﬁ'?‘ﬁi ; ﬁpshh’éﬂﬁﬁ PECHEdi a
storage s)adleds a6 tdnScondidlanics aphified drida ilOEPhiforTedi @ USi ng an MR

el ement. The amplifier circuit of the present invention anplifies the

signal read by the MR el enent and provides it as an output signal Vout. The
anplifier gircuit ofpi &3Ghit a8 ¥RINdIGR damOPRheSH" SJ‘:Q’?F g%gxéc' g Qe t he
out put signal Vout to ?@ggﬁchannekgglrCU|t;§ﬁ?o ré%ggéﬁge the data read

from the ringludesiacsepandi teansconductings amplifie andta sebordecapanitopanst fartherowhertio therent

of the pr ' Jedl S&L
it egr at eSSt hbycoRinchhof BhpliAE ol N 3bcoBlh Shacpl Oy e L0 Kipdiiof e seoond
per son of chaxgefar gontrolling operatiore ofithe firktatrankister.ci rcuit of the present

i nvention nmay be inpl enented using anot her device technol ogy, including but
not limted to CM3S, MOS, discrete conponents and ECL. It will also be
apparent t$) those skhklagglifier éiRitds claiféd indildiinC4 Bitthet Sshhystiskiig! € stcénd

configurations could pe substituted for the logic circuit described above
to pe?fOrﬂpgﬁ@&m<xmphjﬂwwwzné&=ﬂnﬁtnmwhumandthen%gnﬂbnmhﬁveekmmxﬁv&umdnt%c

first and second biasing currents are provided to the magnetoresistive element through the
second transistor.

6. A magnetic media storage system comprising:
a. a magnetic medium;
b. a magnetoresistive element for generating signals corresponding to information
stored on the magnetic medium;
¢.. - a single-ended supply voltage source; and
an amplifier circuit coupled to the single-ended supply voltage source and to
the magnetoresistive element for simultaneously biasing and amplifying a signal
generated by the magnetoresistive element, iicluding:
i a first circuit element for setting a gain of
the amplifier circuit and providing an output
shgmﬂcmnmspmmﬁngiblheshumlgmmma&dln!ﬁm
magnetoresistive element;
ii. a reference voltage coupled fo the single-
ended supply voltage;

L



functions of the preferred enbodi nent 9 The present invention has been
described in terns of specific enbodinents incorporating details to
facilitate the understanding of the principles of construction and
operation of the invention Such reference herein to specific enbodi nents
and details thereof is not .intended to Iimt the scope of the clains
appended hereto. It will be apparent t&2those skilled in the art that

nmodi fi cations may be made in the enbodi nent chose for illustration w thout
departing fromthe spirit and scope of the invention. 10 CLAI M5 W
Cam 1. An anplifier cjrguit for sinutanegusly biasing and

anmpl i fying signals gener'#ted ”oéts%\i“ﬁﬁ%‘é‘f"&té‘g’i prpYiding A nt corresponding to

data read from a magnet i kiadigédéfent to'le itdredidtive iefeiiéht, configured for
receiving power froma s&g%-ﬁﬂg&g% Emyéoiig&lt’?g%rgtour ce and conpri si ng:

voltage difference between the output signal and

the reference voltage;

iv.  a second biasing circuit for providing &

second biasing current to the magnetoresistive

element, the second biasing circuit controlled by a

second voltage difference between a first voltage

' level and the reference voltage; and

v. a first transistor coupled between the

magnetoresistive element and the first circuit

element for controlling generation of the output

signal by the first circuit element, wherein the first

circuit element, the transistor and the second

biasing circuit are all referenced to the single-

ended supply voltage for providing an increased

power supply rejection ratio.
7. The magnetic media storage system as claimed in claim 6 wherein the first
circuit element is a resistor.
8. Themagneticmediastoragesysﬁemasc&imedinclaim?whereinﬂleﬁrst

biasing circuit includes a first transconductance amplifier and a first capacitor.

T



.a. a receiving circuit configured for receiving the signals generated by
the magnetoresistive el enent; b. a first circuit elenment for setting a
gain of the anplifier circuit and providi ng an output signal corresponding
to the signals generated by the nagnetoresistive el enent; c. a reference
vol tage coupled to the single-ended sugply vol t age; d. a first biasing
circuit for providing a first biasingléurrent to the magnetoresistive

el enent, the first biasing circuit controlled by a first voltage difference
bet ween the output signal and the reference voltage; e. a second bi asing
circuit §or provi dfieomagneRe Riddiadtordge Fsteml ds Mimbd®ir Eini 1B WRfeR! B isSddnd ©

el ement, the second biasing circuit controlled by a second vol tage

di f f er enbi8sipg cigptitingludes a; seconst trangeondactance amplifigeandeg sqcondeapaeitor abd; and f.

a first h{rﬁg‘s' u@ﬁgcm@tafl&ea!ﬁlﬂﬁﬂ | ; &,&w ha?#l t LSt
circuit el erre{r?'ta&?{c‘)lrﬁgg%orﬁgl 1 ng generation o}wtﬁ%eacout pu{' S goﬁatpggéldopﬁe
first ci rapafitorethesecond charge &rrcontrelling operatid ofithe figit dransistor. t he transi st or
and the second bi.asing circuit are all referenced to the single-ended
supply voltage for providing an increased power supply rejection ratio. 2.

The anpl i10i er ci r cThe magnetit medincstoragecéyatem & cldimed iim claine 9ffuutiskr comprising a

el ement Béw%iE%Eﬁ%fﬁamhdbdmmarmwﬁmuunmﬁmnamiﬁwzmwmﬂmmﬁﬂhedhmmm
wherein the first and second biasing currents are provided to the magnetoresistive element
through the second transistor.

11. An amplifier circnit for simultaneously biasing and amplifying signals
generated by a magnetoresistive element corresponding to data read from a magnetic medium,
the amplifier circuit configured for receiving power from a single-ended supply voitage source

and comprising:
a. a receiving circuit configured for receiving the signals generated by the
magnetoresistive element;
b.  a first resistor having a first terminal coupled to the single-ended supply voltage
source;

c. a first transistor having an emitter coupled to the magnetoresistive element;
amxumi&mmkkwhaﬁnganamﬁwranmkdtoacdmx&uofﬂwfhﬁ
transistor and a collector coupled to a second terminal of the first resistor; -

e a first capacitor having a first terminal coupled to a base of the first transistor
and a second terminal coupled to ground;

f  asecond capacitor having a first terminal coupled to the single-ended supply
voltage source and a second terminal coupled to a base of the second transistor;

g. a reference voltage source coupled to the single-ended supply voltage source;

RO B ) R



3. The anplifier circuit as clainmed in claim?2 wherein the first
biasing circuit includes a first transconductance anplifier and a first
capacitor. 4. The anplifier circuit as clainmed in claim3 wherein
t he second biasing circuit includes a second transconductance anplifier and
a second capacitor and further wherein the second transconductance
anplifier builds a second charge on t¥e second capacitor, the second charge
for controlling operation of the first transistor. 5. The
anplifier circuit as clained in claim4 further conprising a second

transi stor coypl ed, bk \Wea&chfitahbd 2 having grﬁrﬁqﬂ%‘;‘ %ﬂ@g&%@g@gﬁfti ve

el ement wherein the first and secon lasing currents are provi o the
magnet or esi sti ve eteominat of the fusiresister and do the aollenteri ofithe second transistor, a A

magnetic nedia sto i 'ﬁg:; ¥} e . .C i W l:i a
magnet oresi stive e errenﬁ’?%?&mggegga ﬁsllﬁg Sl gﬁ%lfageg%r reg‘gté{rﬁtdﬁong é?o

i nformati on st or edobthetfirst tremgistet aund toettie first terminal ofithe ifingglcepaeitoled suppl y

vol tage source; and d. an lifier circuit coupled to th i ng) e- ended
suppl y vol t agé SOUPW%W%%Q@B&%%#&F@@J& t@ﬁgwglefe edss“pg{y

si mul t aneousl y bi asolageaodtegtnpl i fying a signal generated by the

magnet or esi sti_ve el m o '

setting a gai & of # ’:’Fﬁﬂ"? l#‘{ﬂég - :stéimm rcﬁltéiﬂei%ﬁﬁ%efor
second resistor and a second terminal coupled to the emitter of the second
transistor and to the collector of the first transistor; and

k. a second transconductance amplifier having a first input coupled to the second

input of the first transconductance amplifier and to the reference voltage, a
second input coupled to the second teiminal of the second resistor and the first
terminal of the third resistor and an output coupled to the second terminal of
the second capacitor and to the base of the second transistor.
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signal corresponding to the signal generated by the nmagnetoresistive
elenment; ii. a reference voltage coupled to the single- ended supply

vol t age; 12 iii. a first biasing circuit for providing a first biasing
current to the magnetoresistive element, the first biasing circuit
controlled by a first voltage differengg between the output signal and the
reference voltage; iv. a second biasing circuit for providing a second

bi asing current to the magnetoresistive elenent, the second biasing circuit

control | ed hSINGHEE<ENDED OSUPBRY (PREAMPDIFIER! WETH HIGH' POWER Boperwevel and
t he reference voltage; and v. REJECTXIONt RATIOSt or coupl ed between the
magnet oresi stive elenent and the first circuit elenment for controlling
generation of the output

ABSTRACT OF THE DISCLOSURE

A single-ended input amplifier circuit for use within a magnetic media storage system
includes circuits for concurrently biasing and amplifying signals generated by a
nﬁgmaomskﬁyeeknmmn The amplifier receives power from a single-ended power supply.
A first resistor is included for setting the gain of the amplifier and providing an output signal
corresponding to the signals generated by the magnetoresistive element, A first feedback
circuit generates a first biasing current provided to the magnetoresistive element. The first
foedback circuit includes a first transconductance amplifier which amplifies the difference
between the output signal and a reference voltage. A second feedback circuit generates a
second biasing current provided fo the magnetoresistive element. The second feedback circuit
includes a second transconductance amplifier which amplifies the difference between the
reference voltage and a voltage signal taken from a node between two resistors. A transistor
is coupled between the receiving circuit and the first resistor for controlling the generation of
the output signal by the first resistor. The transistor is controlied by the output of the second
tmmﬂmmmnmumehmqﬂﬁkxamdafkatmpmmnn The first resistor, the transistor and the
second feedback cireuit are all referenced to the single-ended supply voltage for providing an
increased power supply rejection ratio. The second biasing current is provided through two
resistors thereby increasing the output impedance of the amplifier circuit.

Figure 3



signal by the first circuit elenent, wherein the first circuit elenent, the
transi stor and the second biasing circuit are all referenced to the single-
ended supply voltage for providing an increased power supply rejection
ratio. 7. The magnetic nedia storage systemas clained in claim6’
wherein the first circuit elenent is a resistor. 8. The magnetic
nmedi a storage systemas clainmed in cl a3/ wherein the first biasing
circuit includes a first transconductance .anplifier and a first capacitor.
13 9. The magnetic nedi.a. storage.systemas clained in claim3$8
wherein the second biasing circuit includes a second transconductance
anplifier and a second capacitor and further wherein the second
transconduct ance anplifier builds a second charge on the second capacitor,
t he second charge for control If; operation of the first transistor. 10.
The magnetic nedi a sWorage systjem as claijped in claim9 further conprising

a second transi-sgor upled b en the flirst transistor and the
magnet or esi st i A el ¢ 3 wher Vel fir Jand, second bi asing currents are
provi ded to the gn@f oresi stive el enent {t irough the second transistor.
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11. An amplifier circuit for sinultaneously biasing and anplifying
signal s generated by a nmagnetoresistive el enent corresponding to data read
froma magnetic medium the anplifier circuit configured for receiving
power from a single-ended supply voltage source and conprising: a. a
receiving circuit configured for receiving the signals generated by the
magnet oresi stive el enent; b. a first r§S|stor having a first term nal
coupled to the single- ended suppl y voltage source; c. a first transistor
having an emtter coupled to the nagnetoresistive el enent; d. a second
transi stor having an emtter coupled to a collector of the first transistor
‘and a collector coupled to a second terminal of the first resistor, e. a
first capacitor having a flrst erm nal coupled to a base of the first
transi stor and a secong—te ed to ground; f. a second
capacitor having a firgt to the single-ended supply

vol t age source and aﬂi‘ Ied to a base of the second

transi stor; : aupl ed to the single-ended
supply voltage sour ce; grontduct ance anplifier
having a first input co o ‘




termnal of the first resistor and to the collector of the second

transi stor, a second input coupled to the reference voltage and an out put
coupled to the base of the first transistor and to the first term nal of
the first capacitor; i. a second resistor having a first term nal
coupled to the single-ended supply vol tage source; j. a third resistor
having a first termnal coupled to a sexgmd term nal of the second resistor
and a second terginal coupled to the emtter of the second transistor and
to the collectorrgf the first transistor; and k. a second
transconduct ancef awpl i fier having a flrst i nput coupled to the second input
of the first tansconductanc lifier ang to the reference Mol tage, a
second i nput coapq the second ter hl of the second reglrstory and t he
first term nal thirg.resistor and pn out put coupl ed t he second
term nal of the capi to the base of the se¢pnd transistor.
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