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AVPLI FI ER FOR MAGNETORESI STI VE SENSCR Thi's i VERETRRaha gEEﬂ;lo
ron

di sk storage systens enploying anplifiers for (i) anpl{ifyi
magnet oresi stive (MR) sensors.to—tieteet a read signal and
swi tching said sensors. Nbre part~l cu,lxarl y, it relates to a Iow noi se
anplifier for MR sensors 't t pr/qw dess fast read-write switching and can
operate with | ow supply i ngl e grounded power suppl y.
BACKGROUND TO THE | NVE pl i fiers heretofore used for MR
sensors that haveshsdoad s and differential outputs were
unable to operate with pippl y voltage of less than five
volts due, anong other tN Sive povver di SSI pat i on. Permall oy
magnet oresi stive (PMR) anPdHhELY —~—, HAGNEROR] YESENS8Bwer supply vol tages
wi th a grounded disk/spindl e~a3=#Ty or requi re t hat the di sk spindle
assenbly float at a patgrkéal nbe:ttmenelgféauada affuae $bngiLimupal y vol t age.
Care nust be takaen?hffpmeostlgwgrptm&ub@ask;sh(aarryt&%@stmsefmm to ground during

manuf acture; and the accuracy with whic

Existing amplifiers used with MR sensors having differential inputs

5 and differential outputs were unable to operate with a single power
supply voltage of less than five volts due, among other things, to
excessive power dissipation. Permalloy magnetoresistive (PMR) amplifiers
either require dual power supply voltages with a grounded disk/spindle
assembly or require that the disk spindle assembly float at a potential

10 between gréund and a single supply voltage. Care must be taken to not
short the disk/spindle assembly to ground during manufacture; and the
accuracy with which said assembly is biased relative to the potential of
the MR sensor is critical, requiring expensive resistor adjusting and/or
a dedicated feedback circuit including a capacitor external to an arm

15 electronics (AE) chip.

Accordingly the present invention provides a circuit for biasing and
amplifying signals produced by a magnetoresistive element (Rmr) having

two terminals comprising
a first resistor (R1) for determining the gain of the circuit;

20 a single supply voltage source (+V) connected to one terminal of the

first resistor (R1);

means, referenced to the supply voltage source (+V), for providing a

reference voltage source (Vref);

a first transconductance amplifier (g0), having one input connected to
25 the reference voltage source (Vref) and another input connected to the
- other terminal of the resistor, responsive to the voltages at the inputs
" to vary the current output of the first transconductance amplifier {g0):
a first semiconductor element (Q1), having a first terminal connected to
the other terminal of the first resistor (R1), a second terminal
30 connected to a first terminal of the magnetoresistive element (Rmr), and
a control terminal, responsive to the current output of the first
transconductance amplifier (g0), for controlling the current flowing
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3 i
said assenbly is biased relative to the potential of the
critical, requiring expensive resistor adjusting and/or
feedback circuit including a capacitor external to an ar 5&@“
CHI P. There is a need for an inproved anplificati o e ]
met hod for use with MR sensors in |ow end storage products that has the
foll ow ng desirable features: (1) A single (grounded) power
suppl y. (2) Up to 3dB I ess noise than differential input
anplifiers. (3) Operability with power supply voltages of five
vol ts or | es§ranPZ-Adut 2requiring an electrically floating
di sk/ spi ndl e assenbl y. (4) - Reduced power di ssipation
(5) Conti nuously adjustable read bias current without resistor trinmng
between thenfjrste apdyepcandaterpinals of the fiys§)semicopductoraeleiapiti on and
deactivati on(¢;m ni m ze power dissipation bet ween readi ng
of sector servo patterns circunferentially spaced on a

recor di ng di Sl%lrst %a{aac:l.tor( Zél) connec{:.edebettwetgln%%e %t o%l\éxor ir%%hlg? Rt 2i I‘ggﬁldel‘

detection, as tau
the anpli fi eF“Bi&"b‘EPFt%‘FtJﬁ%‘rhfl“ (g0) and the seconq tqrminal & ythe nsensitive to

vari ati ons i mrgsttorgsasties ghamenst (Rmk fFNRLdpipgrnpise and the ba('18‘)1dth oflse, with a
si ngl e- endedt2nfilrs € tBhsconfucaarde hplefick goy;eards a Far aday
cage to enable interference-free anplification of MR sensor signals.

means for providing a return circuit to ground from the second terminal

of the magnetoresistive element (Rmr).

This provides an improved amplification circuit for use with MR sensors

10 in low end Storage products that has the following desirable features:

{1) R single (grounded) power supply;

(2) Up to 3dB less noise than differential input amplifiers;

(3) Operability with power supply voltages of five volts or less
without requiring an electrically floating disk/spindle assembly;

15 (4) Reduced power dissipation;

{(5) Continuously adjustable read bias current without resistor

trimming or noise aggravation;

(6) Fast activation and deactivation to minimize power dissipation

between reading of sector servo patterns circumferentially spaced

20 on a recording disk;

{7) Current biased MR sensors with dR/R signal detection, as
disclosed in US Patent 4,706,138, to render the amplifier output
signal relatively insensitive to variations in stripe height of the

MR sensors; and

25 ... (8) Use, with a single-ended ampli:fier, of a disk enclosure as a
"™iuFaraday cage to enable interference-free amplification of MR sensor

St .signals.
O
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2 SUMVARY OF THE | NVENTI ON Accordi ng to one aspect
there is disclosed a disk storage system conpri si ng:
recordi ng di sk, each disk having a conductive substrate;.
one magnetoresistive (MR) elenent, one term nal of each MR el enent and
conductive substrate of each di sk being grounded to m nimze transient
conductive asperity currents between a striped portion of each MR el enent
and an air bearing surface of an associated di sk; and an anplifier
circuit including: a resistor for setting circuit gain; a
singl e supply vol tage source connected to one end of said resistor; and
nmeans provi di%#@“%’%gference' vol tage . soufce referenced to the supply voltage
sour ce; said anplifier circuit being operative to mnimze a | ow
frequency error sjgnal, between the reference voltage source and the voltage
exi sting at the otWePolatrd 1Vt PYAF 0l e dlsiBraPbif * Hppir§inG YAt edegler ni ned
bi as current enfydoinght thieingtrqegomponrnein gkiegtion et PRAVidddefarntoneyrderdtncurrent | y
anplifying thdashgnrad asplifEng sigam térerddR e dagirtor@ittive (MR)

elements in a disk file. The amplifier circuits comprise a single

5 (grounded) supply voltage source. One terminal of each MR element and

the conductive substrate of each MR element and the conductive substrate

of each disk in the disk file are grounded to minimize transient

conductive asperity currents. The head/disk assembly of the disk file

is completely enclosed by a highly conductive electrostatically shielded

10 metallic enclosure that operates as a Faraday cage and isolates leads
conneciing the MR elements with the amplifier circuit from large, fast

rise/fall time voltage transients.

Embodiments of the present invention will now be described with reference
to the accompanying drawings in which:
5"
Fig. 1 is a schematic diagram of an amplifier circuit according to
one embodiment of the invention for amplifying signals from a
magnetoresistive element without common mode rejection contained within a

-disk enclosure that serves as a shielding Faraday cage.

20 Fig. 2 is a schematic diagram of an amplifier circuit according to

a modified embodiment of the invention.

Figs. 3A, 3B and 3C are 3-D views of the shielding disk enclosure -
as viewed from above, with and without the cover, and as viewed from

below.

25 .
As illustrated in Fig. 1, the amplifier circuit comprises a

magnetoresistive (MR) element Rmr which senses binary data from a
magnetic recording disk D, a resistor Rl for setting gain of the circuit,

a single supply voltage source +V and a reference voltage source Vref

30 referenced to said supply voltage +V.

A semiconductor element Q1, which constitutes the active input
device for the amplifier circuit, may be, for instance, an NPN bipolar
transistor (or, if preferred, an enhancement mode NFET). While the
embodiment of the present invention referred to herein may refer to an

35 NPN bipolar transistor or an enhancement mode NFET. It will be
appreciated by the skilled addressee that it is not limited thereto and
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applying a major portion of the bias current and all the signal current
across the resistor. Accordingly to another aspect of the invention
there is disclosed a circuit for sinmultaneously biasing and anplifying
signal s produced by a magnetoresistive (MR) el enent having two term nals,
conpri si ng: a resistor for determning the gain of the circuit;

a single supply voltage source connected to one end of the resistor;

means providing a reference voltage source referenced to the supply voltage
sour ce; a sem conductor elenent having a first termnal operatively
connect ed toS®aPdtosk her end of the resustor, a second term nal connected to
one of said termnals of the MR element, and a control term nal for
controlling the current flow ng between said first and second term nal s;

an oper at i ongdn equaHs ctsAt be tinpicnerdead b$ihp ethqrORARsitbari HReONethe nput connect ed
to the refereritervprtagees efirgeswppideaadiine cutieptito eereehednt.0 gai d ot her
end of the rafi&f Adsis@BtGi NRVEdBecA BRIy CONAGLEORcd Pv] NheCRLY O term nal
for mnimzlfg &'eehl AnslARd B MPRAE: GhENCHC Cenl Qnb@YE, SOUTCe and the

vol tage EXI St I neg1taQt1 aay way of tergnselgtor 02, J%I used e%or reasbns hereinafter

stated) to develop an output signal voltage. The output signal voltage
corresponds to an amplified version of the input signal current developed
by MR element Rmr, while being concurrently biased with the biasing
current from Q1, in the presence of magnetic flux variations from binary

10 data recorded on rotating disk D..

Reference voltage Vref sets a predetermined current through
resistor R1 by means of a feedback circuit comprising a reverse gain path
and a forward gain path. The reverse gain path includes an-operational
transconductance amplifier (OTA) g0 associated with a dominant pole. The

15 forward gain path includes the semiconductor element Q1, resistor R1, and

MR element Rmr.

The OTA g0 amplifies the difference between the voltages existing
at said other end of the resistor Rl and Vref, which is referenced to the
supply voltage source +V as a control current at its output. This

20 control current charges and discharges an integrating capacitor C1,
creating at the base (or gate) of semiconductor element Q1 a control

voltage of limited bandwidth.

This bandwidth limitation imposed on the control voltage causes a
low frequency rolloff in the frequency response of the forward gain path.
25 It also controls the low frequency (below the rolloff frequency) and
direct current (dc) components of the current flowing from supply voltage
source +V through resistor R1, element Q1, (Q2 if used), and MR element
Rmr to ground. The dc component of this limited bandwidth current is the
bias current for MR element Rmr. Therefore, the magnitude of the bias

30 current is closely determined by Vref/R1.

The gain above the low frequency rolloff of the amplifier circuit
is proportional to the ratio of R1/Rmr. Capacitor C1 also serves to
eliminate any noise generated by OTA g0. The dc offset at the quasi-
differential output Vout will be reduced in proportion to the gain of the

35 feedback loop. If Q1 is an NPN transistor, a feed-forward current is



2A ) an integrating capacitor interposed between the other term nal
of the MR elenent and control termnal to limt bandw dth of the OTA and
noi se; a cascode stage conprising a transistor interposed between
said other end of said resistor and said first term nal of said

sem conductor el enent and having a control term nal connected to a bias

vol tage source for applying added dc current through said sem conductor

el enent but not through the resistor; and means providing a return
circuit to ground géyq aid other term nal of the MR el enent.

According to sti P er aspect of the inVention there is disclosed a
circuit for S|nultaneously biasing and anplifying signal s produced by a
P??gtet :‘)regISIStSE):‘ erol:(rlvcp}) ?be.l?r usegltto niqﬁ:imlg Evéoer;frg{ hm%s%g'la%éd %tnpthe geeg:ack éoogf ngl ea
supply vol tage sdofiftes c‘5rﬁ’rebst é’bl"'fEG &n&eémwﬁ wapedt fif "ot neeslef st By ther

means provi di ng a@mpEféqadinnecty biet sigealsengsent steYauk ene de acbievdvevithpply vol t age

sour ce; dnfebiNidl pollafiets angptdhize doasr B@pit sejecdibeestdn. connect ed
to the other end of said first resistor and its base connected to a biasing
vol t age; 5 a. f'i‘ife%mp?ﬁ%rcgﬂgﬁﬁt %o@kmt 11@@’%‘1 mﬁuin:‘.z'é?ta 1" m nal

connected to the emtter 0O econ connected to
one terninal of tﬁ%quﬁﬁfyeﬁré?r‘eﬁfg“g]ahﬁwae Y)rﬁ? 23 "P% VRt a‘f 5{;‘ E?J"r‘?t‘f“élelniing t he
current flow ng B&tAfElHosEE dox |aPF51ﬁ’1"§rﬁ1IPé"é‘e'éﬁ*iEF“F‘éPHSn‘aifsent to a terminad qfj r gt
operational transboMRiedtmnt @mappd rdncereftdf AnpYigying dhorégnahputrestofirect ed t o
the reference volshaDBR 8DkhERE ardiNEbpdyial L€ rackdip es RGN ERLT efle t@pdshee Ot her end
of said first;§eskShid oPRE DAV B ALhOMEH Ube %M?ﬁ(r@guﬁs‘?raw%fc&?% 5°|

termnal for mini Tr% él’ rtlxgde%n oerr\{ngnl;lzgltganslien comguecplve aesperr? Yeg&ggn s etwee

source and the vo
strlped portion (not shown) of MR element Rmr and an air bearing surface

of the associated disk D with protruding conductive asperities.

The amplifier circuit, as thus far described, will operate

15 satisfactorily. However, the bias current to the MR element Rmr flows
almost entirely through resistor Rli. Therefore, for relatively large
currents and a power supply voltage of 4.5 volts there is an upper limit
to the size of resistor Rl and hence to the forward gain of the
amplifier. The resistance of Rl can be increased to increase forward

20 gain and reduce noise only if the current through it is feduced; Ho&ever,
this will decrease the MR bias current to an unacceptably low value due

to saturation of semiconductor element Q1.

Therefore, as illustrated in Fig. 1, a second feedback circuit is
included so that the amplifier circuit can concurrently provide larger MR
25 Dbias currents and larger forward gain with a supply voltage +V as low as
4.5 volts by applying an extra dc current through element Q1 but not
through resistor R1. This is achieved by including a cascode stage
consisting of a transistor @2 and a bias voltage source V1 so that this

second feedback circuit can be added.

30 The second feedback circuit compares the voltage at Vref to that at
the most negative terminal of resistor R2 by means of a OTA gl (or, if
preferred, the voltage at the most negative terminal of resistor R1 may
be used instead of the voltage at Vref). The output of OTA gl is
filtered by an integrating capacitor C2 to eliminate frequencies in the

35 band of interest (i.e., the data band).



€xisting at said other end of said first resistor; a first
capacitor interposed between the other term nal of the MR el enent and
control termnal to limt bandwi dth of the OTA means providing a
return circuit to ground fromsaid other termnal of the MR el enent;

a second resistor having its one end connected to the supply vol tage

sour ce; a second sem conduct or el enent having one term nal
connected to said first termnal of said first sem conductor el enent,

anot her term na% conpest to the other end of said second resistor, and a
control term na a second OTA hdvi ng one input connect ed to the
ref erence voltage source anot her input connected to the other endfof cgld
second resi stor, 0 yt ce nne t e .C erm nal ,of sai
second seni conduct or %:%g &é{) f%3 gdees“ﬁg E‘l%hr rg%r IssylP Hatsitethden the
ref erence vol t aBEf&GIC BN ‘E‘ﬁ‘éer\Fo‘lhfaFQ%”é veltrdrg Ider st dowEn&rPaear of sai d

second resi st or €2 hnhe output of OTA gl into a control current through device Q3. If

3 a segdihigl aCERBAC ithO ErroAto®r{he Fechbhbad Yepvil hbe Uil emQl dnage source
and control tser fnBéko Feedrdivr& @6RRLL SRNIHe ORI &b U1 hAXBLHEsdtOcabild¥i fy

bandw dt h of Saiﬂtl&%(:ﬂnqg gg.l;fa.‘ qrfldQ3 I §%NP transistor, a feedforward current

preferably is used to eliminate such error.

Since the current through resistor R2 is identical to that provided
by device Q3 at the emitter of transistor @2, it will be apparent that,
10 by adjusting the value of resistor R2, an additional and predetermined
low frequency dc bias current can be added to the existing bias current.
Since the impedance of device Q3 as seen at the emitter of transistor Q2
is much higher than the impedance of the cascode input (at the emitter of
Q2) nearly all of the alternating current (ac) signal current originating
15 from the MR element Rmr is directed toward resistor Rl. This allows all
of the signal current to flow through Rl and allows Rl to have a larger
resistance than possible without the second feedback circuit. Thus, the
forward gain of the amplifier circuit can desirably be kept higher for
lower noise performance and the bias current can be kept as high as is

20 required by the MR element.

Fig. 2 illustrates a modification of the amplifier circuit of
Fig. 1. It is suitable for use in a disk storage system having a
plurality of MR elements from which signals must be selectively read. It
also is desirable for inclusion in a disk storage system using a sector
25 servo where power saving is a requirement in a standby or an idle mode
which exists between reading sectors of servo data.

More specifically, Fig. 2 illustrates how switching would be
achieved in a disk storage system with two MR elements Rmrl and Rmr2 to
provide fast recovery when switching between MR elements and when

30 switching from standby mode to either MR element, for the purpose of

reading data.

The amplifier circuit of Fig. 2 consists of two input stages and an
output stage. The first input stage comprises element Q1 and switching
FETs Tl and T3 and services MR element Rmrl. The second input stage

35 comprises a transistor Q4 and switching FETs T2 and T4 and services MR
element Rmr2. Switching FETs T5 and T6 are included to facilitate



Enbodi‘ments of the present invention will now be described with reference
to the acconpanyi ng drawi ngs i n which: Fig. 1 i1s a schematic
di agram of an anplifier circuit according to one enbodinent of the
invention for anmplifying signals froma nmagnetoresistive el ement w thout
common node rejection contained within a disk enclosure that serves as a
shi el di ng Faraday cage. Fig. 2 is a schematic diagramof an
anplifier circuit according to a nodified enbodi ment of the invention.
Fig.A 3B and 3C are 3-D views of the shielding disk enclosure as viewed
from above, w th a¥#d-%-€33out the cover, and as viewed from bel ow.
As illustrated in Fig. 1, the anplifier-circuit conprises a .
magnet oresi stive (MR) el ement Rnr which senses binary data froma magnetic - -
recordi ng di sk D, #apdgimefeperdRitiopronketdhergs Faf Thf T2,hE8.candcl4i servatsi ngl e
supply vol tage soufactlititeatindh atimdbehaiaCherRlidngR SAtMERy M ehe mekenenced to
sai d supply vol t agfe i¥cerence voltanf\ @@fno?qrﬂﬁ@?thgg b@inepgfa@:;ce@%y a\’\’péfgpenc

|

h f t
LS e P B B IR &t e T

1 NPN bi
N Ui e e Dl Bl L gl S0 (RtALER CPITOBRY icoReF Jh e By SEMSBIEi n may

refer to an NPN biigorrafereblynzonsiraeted @s anvattgentrermrnent psdesr MESTLth [the wi | | be
appreci at ed by t hevosteigt bethgadidiarss @enet hatereticel @ fN®hndgbdTréfeeenthierst 0 and
preferred, however, source J1 may be some other form of adjustable
current, provided by use of a laser-trimmed resistor or a digital-to-

10 analog converter current source trimmed by fusable links.

When a steady state condition is reached in biasing MR element

Rmrl, node N1 will have caused FET Tl to connect the control terminal of
element Q1 to capacitor C1, and node N3 will have caused FET T3 to
disconnect the control terminal of Q1L from ground. Node N2 will have

15 caused FET T2 to disconnect the control terminal of Q4 from capacitor CI,
and node N4 will have caused FET'T4 to connect the control terminal of Q4
to ground. Also, node N5 will have caused FET T5 to connect the control
terminal of device 03 to capacitor €2, and node N6 will have caused FET
Ts to disconnect the control terminal of Q3 from supply voltage V.

20 With OTA g0 and gl active in normal reading mode, their respective
tail currents I0 and Il will be at magnitudes appropriate for the loop
bandwidths required. The term "tail current", as herein used, connotes
the biasing current that controls the transconductance of the OTA.

Semiconductor element Q4, like Q1 maybe either an NPN bipolar
25 device or an enhancement mode NFET. - During switching from MR element
Rmrl to Rmr2, node N4 disconnects the control terminal of element Q4 from
ground, node N1 disconnects the control terminal of Q1 from capacitor C1,
node N2 connects the control terminal of Q4 to CI, and node N3 connects

the control terminal of Q1 to ground.

30 During this switching, nodes N5 and N6 will be unaffected and the
magnitude of the tail current Il of OTA gl and its operational status
will remain unchanged. OTA g0 may experience a temporary increase in
tail current I0 to facilitate a higher loop gain in the associated
feedback circuit so a faster recovery can occur. The recovery rate is

35 directly related to the time required to change the voltage across
capacitor Cl1 from its prior value needed for MR element Rmrl to the new



SA9- 92- 033 4 can equal ly well be

I npl ement ed using other transistor types. The . emtter (or source) of
QL supplies a bias current to MR el enent Rnr. One end of resistor Rl
i's connected to supply voltage source +V. The ot her end of RL is

connected to the collector (or drain) of sem conductor 5 element QL (by

way of transistor @2, if used, for reasons hereinafter stated) to

devel op an output signal voltage. The output signal voltage

corresponds to an _anplified version of the input signal

by MR el enent R 2Pl e being concurrentdy biased with the biasing

current from Q1,

10 data recorde ‘ﬁg{]feé%llr ?%‘:_ﬁlgfﬂe:m%{(}gq%rz The voltage across capaci

sets a predetei

10

15

20

25

30

35

e the same in both cases so there is no need to temporarily increase the
loop gain associated with the feedback circuit that includes OTA gl.

For operation in standby mode with MR element Rmr2, a steady state
condition must first be attained during read mode. Then, to save power
between reading sector servo data in one sector and in the next sector,
the current through MR element Rmr2 can temporarily be cut off. This is
accomplished by simultaneously deactivating OTAs g0 and gl by eliminating
tail currents I0 and Il and changing the conditions of control nodes N2,
N4, N5 and N6 to accomplish the inverse function of FETs T2, T4, TS5 and
T6, respectively, so that where connections were formerly made there are
now disconnections and where disconnections were formerly made there are
now connections. This permits the voltages across the capacitors Cl and

C2 to be maintained at their existing values until the next sector servo

data is to be read during operation in the next read mode. The only
circuitry activated and consuming power would be reference current source
Jil. This will maintain the voltage at capacitor €3 at the correct
potential required for the next read operation. Switching from standby

" mode back to read mode involves reversing the process just described to

switch from read mode to standby mode.

It will thﬁs be seen that the amplifier circuits embodying the
invention and as illustrated in Figs. 1 and 2 both include an input
stage, a switching means, a reference voltage and at least one feedback
circuit. Also, if desired, an isolation resistor Ri maybe inserted
between the common connection of each MR element and capacitor Cl to
ground in order to suppress noisy ground loop currents that may exist
between the amplifier circuit and grounded substrate of disk D qr along
the path parallel to the wiring between the amplifier circuit and MR

element(s).

The cascode stage also provides a means for connecting a plurality
of input stages with MR elements (such as Rmrl and Rmr2) at the emitter
of the cascode transistor Q2 to the common output stage including Q2 at

the collector of Q2.

Referring now to Figs. 3A, 3B and 3C, a head disk assembly (HDA) 10
comprises a plurality of MR elements Rmr, at least one associated with
each disk D of a stack of disks rotatably mounted on a drive spindle 12,

in the presence of magnetic flux variations from binary
Referengg &pLﬁgge Vr ef

current devel oped



resistor RL by nmeans of a feedback circuit conprising a reverse gain path
and a forward gain path. The reverse gain path includes an-operational

transconduct ance anplifier (OTA) g0 associated with a dom nant pole. The
15 forward gain path includes the sem conductor elenment QL, resistor R1,

and MR el ement Rnr. The OTA go anplifies the difference
bet ween the voltages existing at said other end of the resistor RlL and
Vref, which is referenced to the suppl y "vol tage source +V as a control
current at its output. This 20 control current charges and di scharges an

i ntegrating capaér?-82-9¢3, creating at sthe base (or gate) of

sem conduct or elenent QL a control - voltage of |imted bandw dt h.

This bandwidth limtation i nposed on the control voltage causes a | ow

frequency rol | of fnjagtyater £4epfi@Ht ylerropisas@Ebmodupe 16 GFedARIERR cpdeh. 25
It al so control s lkdve dxpendinge fuesrecyonpdrebiowr tthahe okdpeéfivé MR glienrots), add
direct current (dejceCipassitss.of the current flow ng from supply voltage
source +V through resistor RlL, elenent QL, (@ if used), and MR el enent

Rnmr to ground. The dg _conponent of. thi imted ba i dth current is the
bias current for MR écé%qg?g,%’r?.fgalrﬁéer_gfc%%ee,lmfeﬂ%mr’r’ag%ﬂiﬁése °8"?Plf‘i~?g”bi_ as 30
current is cl O§e|e§/cla.(<:\etdel?ynf ﬁlégillby:owgfl}/m;lectrostatical y shielded metallic disk

enclosure (DE) 20. DE 20 operates as a Faraday cage to provide shielding
because the single-ended input to the amplifier circuits of Figs. 1 and 2
have no common mode rejection. DE 20 isolates leads connecting the MR
elements with the amplifier circuit from large, fast rise/fall-time

10 voltage transients. DE 20 keeps out electromagnetic interference,
capacitive feedthrough of digital switching noise, spindle motor drive
noise, and actuator drive noise. DE 20 is grounded (by connection to the
system ground or to a O-volt line) as close as possible to the point
vhere the 0-volt supply line for AE module 16 enters the DE. To complete

15 the shielding, the window 22 provided in DE 20 for servo writing is
covered with a conductive film 24. The wiring to the actuator 14 and
wiring 26 to the motor for drive spindle 12 should be placed outside DE .
20. Thus no internal lines transmit switching signals while the
amplifier circuit is reading data or servo signals from the disk.

20 “Since the read bias current is fixed and the amplifier circuit has
a low input impedance (e.g., a few ohms) and senses the signal current
generated from the current biased MR element, it will be apparent that
this biasing/sensing combination will provide dR/R detection, as
disclosed .in US Patent 4,706,138. This desirably makes the output signal

25 Vout of the amplifier circuit relatively insensitive to variations in

signal due to variations in stripe height of the MR element.

It will be apparent to one skilled in the art that notwithstanding
embodiments .of the present invention being described in relation to a
disk storage system, it is not limited thereto. The invention can

30 equally well be used with other magnetic storage systems.



proportional to the ratio of RL/Rm. Capacitor Cl al so serjes tﬁEPLACED

el i m nate any noi se generated ﬂmmmm"‘lﬁum of f set at Uthe—gtasi-
differential output Vout will portion to the gain of the
35 feedback loop. If Q is an*NPN traflsidtof, a feed-forward current is
SA9- 92- 033 preferably used to minimze the error associated with

t he feedback | oop; whereas if QL is an NFET, a feedforward current is

not needed. Further
Sp9-92-033 10

The gai n above the | ow frequency rolloff of the anplifier EH@JEILIEET HA%SBEEW

CLAIMS

1. A circuit for biasing and amplifying signals produced by a
magnetoresistive element (Rmr) having two terminals comprising

a first resistor (R1) for determining the gain of the circuit;

. 5 a single supply voltage source (+V) connected to one terminal of the

first resistor (R1):

means, referenced to the supply voltage source (+V), for providing a

reference voltage source (Vref);

a first transconductance amplifier (g0), having one input connected to
10 the reference voltage source (Vref) and another input connected to the

other terminal of the resistor, responsive to the voltages at the inputs

to vary the current output of the first transconductance amplifier (g0);

a first semiconductor element (Q1), having a first terminal connected to
the other terminal of the first resistor (R1), a second terminal

15 connected to a first terminal of the magnetoresistive element (Rmr),-and
a control terminal, responsive to the current dutput of the first
transconductance amplifier (g0), for controlling the current flowing
between the first and second terminals of the first semiconductor element

(Q1);

20 a first capacitor (Cl) connected between the output of the first
transconductance amplifier (g0) and the second terminal of the
magnetoresistive element (Rmr) for limiting noise and the bandwidth of

the first transconductance amplifier (g0); and

means for providing a return circuit to ground from the second terminal

25 of the magnetoresistive element (Rmr).

2. A circuit as claimed in any preceding claim further comprising

-

a second resistor (R2) having one terminal connected to the supply

. {,vq;page source (+V); -

This Sheet Has
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dnplification of the signal present at Vout can be achiq
differential anplifiers to optim ze power supply rejecti
The anplifier circuit enbodying |n1ze34a
frequency error signal between Vﬂﬂﬂlu “W“ﬂuﬂulwuﬂge at the .
of resistor RT for applying a predetérntnetd i ag current to a term nal of
the MR el enent Rmr and concurrently anplifying the signal current from
sai-d MR el ement and applying it across resistor RL. The opposite 10
term nal of MR baﬁaﬁg Rnr and al so the cpnductive substrate of disk D
are grounded to mnimze transient conductive asperity currents between a
striped portion (not shown) of MR element Rar and an air bearing surface
of the associ ataededah&kraaswnmta{cetarmgﬂlfm ERANAUStihY BndA SRR i bhiRSted to

The arrpl i fier C‘!_ %kéren&svélbﬁ sfo@{ced&?gfr I R%dano%Lllﬁgﬁeéo%L&tedl@o the l o

satisfactoril S current t f

al most enti relyy"tf’?‘fr gﬁ"g"’hm%leés’iE ssf%"f‘glﬁs‘sﬁfepgf)ofﬁslm?we tglt§f| %ﬁaﬁesl 3 ge
currents and a {odBPUtE SpTayYirg| thy garsnt guipuy SFems thengacend Erapsropgypance j ni t
to the size of ampHif&rofglRl and hence to the forward gain of the
anplifier. The resistance of Rl can be increased to increase forward 20

gain and reduce mu&ﬁsmé%d&fmg BEemEdt t@?t nhSthQUOk L tmlﬁaqdeaﬁseqtidhpmveh

this will decr etgs other enyRuftgéh%Ssec?ndr:%Q%st w,uangecc%gcpgermn}gl c%me\cl:?ed to

to saturation sem con
the first terminal of the first semiconductor element (Q01), and a control

terminal, responsive to the of current output of the second
10 transconductance amplifier (gl), for controlling the current flowing
_betweén the first and second terminals of the second semiconductor

“element (03);

ORHISISHBET HAS BEEN
| owREPLACED

a second capacitor (C2) connected between the output of the second
transconductance amplifier (gl) and the voltage source for limiting noise

15 and the bandwidth of second transconductance amplifier {gl).

3. A circuit as claimed in any preceding claim wherein the means for

providing a return circuit to ground comprises a resistor (Ri).

4. A circuit as claimed in any preceding claim further comprising a

cascode stage (Q2,V1) interposed between the first terminal of the first
20 semiconductor element (01) and the other terminal of the first resistor

(R1) and the input of the first transconductance amplifier (g0) connected

thereto.

5. A circuit as claimed in any preceding claim wherein the semiconductor
elements (01,03) are NPN bipolar transistors and are arranged such that

25 the collectors constitute the first terminals, the emitters constitute
the second terminals and the bases constitute the control terminals.

6. A circuit as claimed in any of claims 1 to 4 wherein the
semiconductor elements (Q1,03) are enhancement mode NFETs and are
arranged such that the drains constitute the first terminals, the sources

30 constitute the second terminal and the gates constitute the control

terminals.

7. A magnetic storage system comprising a circuit as claimed in any

preceding claim;

e oy -
RO gL S S N
1 2
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Therefore, as illustrated in Fig. L—-a-second feedback circuit is
I ncl uded so that the anplifier cj ﬂ“\rently PO, desih TQIQASMEEN
25 bias currents and | arger fort&ﬁ“ !\ “\m supply vq ageatﬁﬁ'

as 4.5 volts by applying an € currsent® t hrough ¢ 'mmn* Rl

through resistor RlL. This is achieved by including a cascode stage
consisting of a transistor 2 and a bias voltage source V1 so that this
second feedback circuit can be added. 30 The second feedback
circuit conpares the voltage at Vref to that at t he nost negative’

term nal of resiagtadro3® by nmeans of a OTAzgl (or, if preferred, the

vol tage at the nost negative term nal of resistor RL may be used

i nstead of the voltage at Vref). The output of OTA gl is filtered by an
i ntegrating capdcleasy o2 reqording Fitrfate hiviea) aendugtive rpubitsatsh th gnnfaes

I nterest (i.e., belifterehditie BgNehe.magnetoresistive element (Rmr); and

>

3

and wherein the magnetoresistive element (Rmr) and the conductive
substrate are grounded to substantially minimise transient conductive
5 asperity current between a striped portion of the MR element and the

recording surface.
8. A magnetic storage system as claimed in claim 7 further comprising

a head assembly that includes the recordihg surface and the MR element;

and

10 a conductive electrostatically shielded enclosure that substantially
encloses the head assembly to isolate the leads connecting the MR element

with the circuit from rise and fall voltage transients.

9. A magnetic storage system as claimed in either of claims 7 or 8
wherein the recording surface is formatted and the amplifier circuit is

15 responsive to the formatting for activating and deactivating the
amplifier circuit to substantially reduce power dissipation during
reading of the formatted recording surface.

— —
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SA9- 92- 033 6
if desired, a high beta PNP transistor) is pr ef erab
the control voltage generated across capacitor

OTA gl into a control current through device 3. If
error of the feedback loop will be nearly zero; and 5 hence no
feedf orward current need be used to elimnate -of fset caused by
limted loop gain. If @B is a PNP transistor, a feedforward current

preferably is ugggot®s3elimnate such errorys Since the current
through resistor R2 is identical to that provided by device B at the
emtter of transistor 2, it will be apparent that, 10 by adjusting the '
val ue of resistor R2, an additional andagnredeterm ned | ow frequency

dc bias current can be added to the existing bias current. Since the

i npedance of device B as segy PLE}%:IEIR%R%&EH@{ES] tmltEr dgstor 2 IS
much hi gher than the inpedance o -npuﬁﬁﬁ’r the emtter of
@) nearly all of the alternating current (ac) signal current originating
15 fromthe MR elenment Rnmr is directed toward resistor RlL. This allows al
of the signal currenovingide, chawtraveyl dlav Réltapd agllities cRiculs viake singlar ger
resi st ance thanerpﬁssthialtehamﬁdwﬁutonﬁnhem&ﬁcnﬁuaelctfi&edck}aé?&ﬁc&lr&&w biasTksng t he

amplifying signals generated by magnetoresistive (MR) elements in a disk

file. The amplifier circuits comprise a single (grounded) supply voltage

source. Oune terminal of each MR element and the conductive substrate of

each MR element and the conductive substrate of each disk in the disk

10 file are grounded to minimize transient conductive asperity currents.

The head/disk assembly of the disk file is completely enclosed by a

highly conductive electrostatically shielded metallic enclosure that

operates as a Faraday éage and isolates leads connecting the MR eleménts

with the amplifier circuit from large, fast rise/fall time voltage

15 transients.
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f GF wet & gain of the anplifier circuit can desirably be kept higher for
| ower noi se perfornmance and the bias current can be kept as high as is 20
required by the MR el enent. Fig. 2 illustrates a nodification
of the anplifier.circuit of Fig. 1. It is suitable for use-in a disk
storage system having a plurality of MR elenents fromwhich signals
must be selectively read. It also is desirable for inclusion in a disk
storage systemusing a sector 25 servo where power saving is a requirenent
in a standby or an idle node whi ch exists between readi ng sectors of
servo dat a. Mor.e specifi§§§ly, Fig. 2 illustrates how sw tching
woul d be achieved in a disk storagé systemwith two MR el enents Rnrl
and Rhr2 to provi de fast recovery when swi tching between MR el ements
and when 30 switching from standby node to either MR elenment, for the
pur pose of readi ng data. The anplifier circuit of Fig. 2
consists of two nguf stages and an out put stage. The first input stage
conpri ses el ement and switching FETs T1 and T3 and services MR
el ement Rnrl. The” tond input stage 35 conprises a transistor 4 and
swi t ching FETs T2|!gnd T4 |and services MR elppent Rnr 2. Swi tching FETs
TS and T6 are included {t¢9 facifitate (”
G

7
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SAB- 92-:033 7 st andby node operation only,

whereas FETs T1, T2, T3, and T4 serve to facilitate both standby node
operation and switching of the MR el enents. The reference voltage
Vref of Fig. 1 has been replaced by a reference current seurce J1 and
a resistor R3. A capacitor C3 is included to 5 renove the noise in the
data band caused by either J1 or R3. Source Jl is preferably
constructed as a voltage-to-current converter mﬁth t he vol t age bei ng
either a Zener reference or a bandgap rfafrence preferred,
however, source J1 may be sone ot her f of adjustable

3
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cu¥rents, provided by use of a laser-trimred resistor or a digital-to- 10

anal og converter current source trinmed by fusable |inks. When
a steady state condition is reached in biasing MR el ement Rnr 1, node
N1 will have caused FET T1 to connect the control termnal of - el ement
QL to capacitor Cl, and node N3 will have caused FET T3 to di sconnect
the control termnal of QL fromground. Node N2 will have 15 caused FET
T2 to disconnect the control termnal of Q4 from capacitor CI1, and

node N4 will have caused FET T4 to conne@/3he control termnal of Q4

to ground. Al so, node N5 will have caused FET T5 to connect the control
termnal of device B to capacitor C2, and node N6 will have caused FET
T6 to disconnect the control terminal of B from supply voltage V. 20
Wth OTA g0 and gl active in nor readi ng node, their respective

tail currents-10 and 11 will udes appropriate for the | oop
bandw dt hs required. The tern agy herein used, connotes

t he biasing current that c.»lrols The transgoRduct ance of the OTA.

sem conductor element 4, ®&ke Cﬂ maybe eit’her @n NPN bi pol ar 25 device or
an enhancenent node NFET. f1 MR el enent Rl to
Rnr 2, node N4 di sconnects the c-q 5N i of element 4 from

ground, node N1 di sconnects th **2 F of QL from capacitor Cl
node N2 connects the control teg @l to Cl, and node N3 connects

2

FIG. 35

LFe
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the control termnal of QL to ground. 30

Durin TS I
nodes N5 and N6 will be unaffected and the magni t ud FﬁEPméé%ﬁ?S ET
current 11 of OTA gl and its operational status wi | 1j] renaf ug[%ﬂnmd. '
OTA g0 nmay experience a tenporary increase in tail uPF“@r‘hT']'-('Of" i o i
facilitate a higher loop gain in the assogi ated feedbaCk circuit so a

faster recovery can occur. The recovery rate is 35 dirgg

time required to change the voltage across
val ue needed for MR elenment Rmrl to the new

capaci tor

- o

i

-

8 AMPLIFIER FOR MAGNETORESISTIVE SENSOR

ABSTRACT

Low noise, low power, low voltage amplifier circuits with a single ended input
having no common mode rejection for concurrently biasing and amplifying signals generated
by magnetoresistive (MR) elements (Rmr) in a disk file (D). The amplifier circuits
comprise a single (grounded) supply voltage source (tV). One terminal of each MR element
(Rmr) and the conductive substrate of each MR element (Rmr) and the conductive substrate
of each disk in the disk file (D) are grounded to minimize transient. conductive asperity
currents. The head/disk assembly of the disk file (D) is c8mp1etely enclosed by a highly
conductive electrostatically shielded metallic enclosure that operates as a Faraday cage and
isolates leads connecting the MR elements with the amplifier circuit from large, fast rise/fall
time voltage transients.

Fig. 1
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"’\éa| ue needed for MR elenent Rimr2. The voltage across c %EAQ{EI\%“%J-IJEFF
e the sane in both cases so there is no need to tenpoffarily Icé]‘% €
1 oop gain associated with the feedback circuit that in I&ﬁlgso i
For operation in standby node with MR el ement Rnr2, a gteady Stafe " 5
condition nust first be attained during read node. Then, to save power
- between reading sector servo data in one sector and in the next sector,
the current through MR elenent Rnr2 can tenporarily be cut off. This is
acconpl i shed by si mul t aAMRISIFERGHERIMAGNEL QRBSISJOVENENSORy el i i nati ng
tail currents 10 and 11 and changing the conditions-of control nodes N2,
10 N4, N5 and N6_fo .acconplish the.inverse function of FETs T2, T4, T5 and
T6, respectively, 18§ IPW%G*%@S%W‘?%%%SW ?’Bé]ﬂ%lpgﬂmrpz@@rstﬁ‘?éig are
now di sconnanplifyirg sipnhisvrenendpgseoresistive (MR) veasersftodetect ¥ readd sighdieanal @i) e
Now connecty. I Sy: ' ol . i Cl and

C2 to be nal:n%‘?gg ﬁe@ Sgl%&@%lg}s%ﬁe%(epg?r}éh M@%&é@&%@? Ilgl{%?égsra]tg% oérgxé & servo 15
data is to deplifierdfon MR sgnsopethat peavides fasi geadewriter sitehingoand caneperats with
circuitry agk éiﬁ)&)ﬁdv@l?&e§ﬁﬂéﬁr§iﬂg%§fbﬁﬂﬂed’w&shﬁ%g?f erence current source
J1. This wll maintainthe voltage at capacitor at the correct

potential required for the next read operation. Switching from standby

mode back tBACKGROUND TO THEINVENTIONIg the process just described to 20
switch fromread node to standby node.

Amplifiers heretofore used for MR sensors that have had differential inputs
and differential outputs were unable to operate with a single power supply voltage of
less than five volts due, among other things, to excessive power dissipation. Permalloy
magnetoresistive (PMR) amplifiers either require dual power supply voltages with a
grounded disk/spindle assembly or require that the disk spindle assembly float at a

"‘-iigoten'tial between ground and a single supply voltage. Care must be taken to not short

" the disk/spindle assembly to ground during manufacture; and the accuracy with which
said assembly is biased relative to the potential of the MR sensor is critical, requiring
expensive resistor adjusting and/or a dedicated feedback circuit including a capacitor
external to an arm electronics (AE) CHIP.

- There is a need for an improved amplification circuit and method for use with

MR sensors in low end storage products that has the following desirable features:

' (1)- A single (grounded) power supply.

@) Up to 3dB less noise than differential input amplifiers.

3) Operability with power supply voltages of five volts or less without
requiring an electrically floating disk/spindle assembly.

() Reduced power dissipation.

4) Continuously adjustable read bias current without resistor trimming or

noise aggravation.

©) Fast activation and deactivation to minimize power dissipation
between reading of sector servo patterns circumferentially spaced on a
recording disk.

¢))] Current biased MR sensors with dR/R signal detection, as taught in
U.S. Pat. No. 4,706,138, to render the amplifier output signal
relatively insensitive to variations in stripe height of the MR sensors.

® Use, with a single-ended amplifier, of a disk enclosure as a Faraday
cage to enable interference-free amplification of MR sensor signals.



ft will thus be seen that the anplifier circuits enbodyi

i nvention and as illustrated in Figs. 1 and 2 both inclu
stage, a switching neans, a reference voltage and at | eas} Date. feedback """"
circuit. Also, if desired, an isolation resistor R mybe= ted 25

bet ween t he common connection of each MR & enent and capacitor Cl to

ground in order to suppress noisy ground |loop currents that may exi st
between the anplifier circuit and grounded substrate of disk D or along

the path parallel to the wiring between the anplifier circuit and MR

el enment (s). SUMMARY OF THE IN¥ENO®ONt age al so provides a neans for
connecting a plurality of input stages with MR el enents (such as Rnrl
and Rnr2) at the emtter of the cascode transistor 2 to the conmon

out put stage including @ at the collector of Q. Referring

now to Figs AchrdinPi Pt égmtaofhﬁ@ﬁw‘éhﬁ& ﬂz'éfeeig"a'xéélcfsé%)dxsk%&%ge GREm I ses a

plurality o elenent s | east one assocl at ed each disk D
of a stack Gpmm@lklg rotatably nmounted on a drive spi ndI e 12,
at least one recording disk, each disk having a conductive substrate;

at least one magnetoresistive (MR) element, one terminal of each MR element
and the conductive substrate.of each disk being grounded to minimize transient
conductive asperity currents between a striped portion of each MR element and an air
bearing surface of an associated disk; and

an amplifier circuit including:

a resistor for setting circuit gain;

a single supply voltage source connected to one end of said resistor; and

means providing a reference voltage source referenced to the supply voltage

source;

said amplifier circuit being operative to minimize a low frequency error signal
between the reference voltage source and the voltage existing at the other end of said
resistor for applying a predetermined bias current through the other terminal of each
MR element and concurrently amplifying the signal current from the MR element and
applying a major portion of the bias current and all the s1gna1 current across the
resistor.

Accbrdingly to another aspect of the invention there is disclosed a circuit for
simultaneously biasing and amplifying signals produced by a magnetoresistive (MR)
element having two terminals, comprising:

a resistor for determining the gain of the circuit;

a single supply voltage source connected to one end of the resistor;

means providing a reference voltage source referenced to the supply voltage
source;

a semiconductor element having a first terminal operatively connected to said
other end of the resistor, a second terminal connected to one of said terminals of the
MR element, and a control terminal for controlling the current flowing between said
first and second terminals;

an operational transconductance amplifier (OTA) having one input connected
to the reference voltage source and another input connected to said other end of the
resistor, and having an output connected to the control terminal for minimizing an error
signal between the reference voltage source and the voltage existing at said other end of
said resistor;



i3 A

.10  CLAIMS 1. A disk storage system conprising: || REPLACEMENT| SR
one recordi ng di sk, each disk having a conductive substifate; Ul\% DEC 1998t
‘l.east one magnetoresistive (MR) elenent, one terninal of Ratch--MR-el-errent-
and the conductive substrate of each di sk_bei ng grounded=to i m ze

transi ent conductive asperity currents befeen a stri ped portion of each MR

element and an ai 511E@F%ﬂglﬁgéi%icﬁﬁ?i&ém@&d%ﬁ%h‘%ﬁ@&h@f ffmidlOf the MR~ @n

anplifier circuit | D . . .areslsto ro sefti.ng circuit gain;
a single supsmentand %@%Wﬂé@léeﬁ%&?@@“t‘%h&ﬁéﬂ%h&%?n D031 esi st or; gand
means provi di ng aarc_ﬁfjdi’ﬁe@ﬁag]g}cehﬁ)ﬁi_sﬁgmmmdréﬁlemabﬂemm baid ittplepd vl t age
sour ce; . .sai Ifier circ . | . ow
Froquency efdresiilhind B0 s femfibhrdf i R paRASE bettnt S Balh £Eofig0)
exi sting at terménadichenectadctocr bignvoltagesource forf applyipp gdedcdcacusrens direvgh said

bi as Curre”%%%ﬁéﬁ%{%g?ﬁa&n%t%ﬁpbﬁﬁﬁ%%lth@?es?s?&f;‘ah@ el enent and concurrently

Porti on of the bl HiAEs PRRYMINEACCRFR CHrdl ) GAGRY Burr Bt ofer lssited of Mecli®, o
element.

According to still another aspect of the invention there is disclosed a circuit for
simultaneously biasing and amplifying signals produced by a magnetoresistive (MR)
element having two terminals, comprising:

a first resistor for determining the gain of the circuit;
a single supply voltage source connected to one end of said first resistor;

means providing a reference voltage source referenced to the supply voltage

source;

an NPN bipolar transistor having its collector connected to the other end of
said first resistor and its base connected to a biasing voltage;

a first semiconductor element having a first terminal connected to the emitter
of said transistor, a second terminal connected to one terminal of the MR element, and
a control terminal for controlling the current flowing between said first and second
terminalsﬁ

a first operational transconductance amplifier (OTA) having one input
connected to the reference voltage source and another input connected to the other end
of said first resistor, and having an output connected to the control terminal for
minimizing an error signal between the reference voltage source and the voltage
existing at said other end of said first resistor;

a first capacitor interposed between the other terminal of the MR element and
control terminal to limit bandwidth of the OTA;

means providing a return circuit to ground from said other terminal of the MR
element;

a second resistor having its one end connected to the supply voltage source;

a second semiconductor element having one terminal connected to said first
terminal of said first semiconductor element, another terminal connect to the other end
of said second resistor, and a control terminal;

a second OTA having one input connected to the reference voltage source,
another input connected to the other end of said second resistor, and an output
connected to the control terminal of said second semiconductor element for minimizing
an error signal between the reference voltage source and the voltage existing at said
other end of said second resistor; and



2. The system of claim1, including: a head o HEAY
" that includes each said disk and MR el ement; and , SIlﬁia o) "mt-iéve
~electrostatically shielded enclosure that conpletely eljchgs dl ______ U—Nto |
¥isolate | eads connecting each MR el ement with 4 he anpl {4ter—cirout_—trom-
environmental | y caused | arge, fast rise fall-tinme voltage transients.

Servo pattern. and | ieoond MpACR Inebbied tbivceh BORIPRIY SeliattisDurte aAd Siirol
deacti vati ng {t‘ﬂguﬁﬂrﬂr}isﬂ cg’i“{mﬁ‘?ﬁ“fmﬂ CHr ‘?W%t‘bﬁwgre/aﬁag’ th e F*Hﬁ sprand@TA

readi ng of thand@oiser servo pattern and facilitate fast recovery response

of the system upon conpl etion of reading. 4. The system of claiml,
wherein the anplifier circuit also conprises: _a sem conduct or
el ement havi ngnabordumsmts o€ the presens lisventipr Wil powderdeserdbed: witl seferepettorthend of

the resistor, za: Bthe! @aWidalin waiepct ed to said other term nal of the MR
el ement, and a con é:oéé

ermngl fo ontrollin e current flow ng between
said the first and oLd is glsﬂ;q%tyrg;d(iagram of an a?npﬁljgier cﬂ'cuit accorciing to gne
- embodiment of the invention for amplifying signals from a magnetoresistive element
without common mode rejection contained within a disk enclosure that serves as a

shielding Faraday cage. ' . | |
Fig. 2 is a schematic diagram of an amplifier circuit according to a modified
embodiment of the invention. '

Fig.A, 3B and 3C are 3-D views of the shielding disk enclosure as viewed
from above, with and without the cover, and as viewed from below.

As illustrated in Fig. 1, the amplifier circuit comprises a magnetoresistive
(MR) element Rmr which senses binary data from a magnetic recording disk D, a
resistor R1 for setting gain of the circuit, a single supply voltage source +V and a

- reference voltage source Vref referenced to said supply voltage +V. :

A semiconfluctor element Q1, which constitutes the active input device for the
amplifier circuit, may be, for instance, an NPN bipolar transistor (or, if preferred, an
enhancement mode NFET). While the embodiment of the present invention referred to
herein may refer to an NPN bipolar_ transistor or an enhancement mode NFET. It will
be appreciated by the skilled addressee that it is not limited thereto and



14 an operational transconductance anplifier (OTA) Lﬁ&“M’F@‘T%ﬁT

connected to the reference voltage source and another inp t co 1] cgﬁg '
A

shld ot her end of the resistor, and having an output conn

.-l

control termnal for nininizing an error signal between tﬁ**rererence

vol tage source and the voltage existing at_ said other end of said resistor;
an integrating capacitor interposed bet weelf sai d one terminal of the MR

el enent and control terminall to limt bandw dth of the OTA and noi se; and a
cascode s Mgnprising a transistor interposed between said other end of
said resistor and said first termnal of said_sem conductor el enent and
having a control term nal connected to a bias voltage source for applying

added dc currlemdiskrmgesﬁtdn&eﬁipﬁ@iﬁguctor el enent but not through the

[t or ot ik e P PoBElyd Y8pRE ST Vo

-q

i nf or mation cont 1??ég°ﬁl%¥e§°f
sectors, and thetdsast eme tmgnaomcsmnﬂ@melemnbmb terodnalof ¢ach Mitdlement and the

aperat | 0N RARe BBt b cRHRIUK b&ﬁ%wﬁ%@ Wﬁ@ﬁggﬁ@g@g@hy@&g y

during readi ng oF S§&T/0° PhTof mat

and conne&urrehis hetyean & WIPF%PPﬂ@ns@rﬂa%%&élemenhM@ 3ig bearingosurfag

recovery f@EistdPdidRyadipde to read node. 6. Acircuit for

si mul t aneousl y b| asi nlﬁ__éqand a ng signals produced by a
magnet or esi st i vé¥y \#’Hﬁ two termnals, conprising: a

resistor for detaeresiswrrfgr sdtangelrcmbgamhe circuit; a single supply

vol tage source 4119&35
providing a ref e%‘r gﬁ’l%qmﬂg ource re erencedﬁ% ?_Ifsal 1-essuﬁeﬁpﬁage
sour ce; geans rpm‘ad@scst mferénm@ghwne@rﬁemwwt@ ﬁnnpéx voltage Hopess v

connected to saiggid4hflifier circuit being operative to minimize a low frequency error signal
between the reference voltage source and the voltage existing at the other end of said resistor
for applying a predetermined bias current through the other terminal of each MR element and
concurrently amplifying the signal current from the MR element and applying a major portion
of the bias current and all the signal current across the resistor.

2. The system of claim 1, including:
a head disk assembly (HDA) that includes each said disk and MR element; and
a conductive electrostatically shielded enclosure that completely encloses the HDA to
isolate leads connecting each MR element with the amplifier circuit from environmentally
caused '
large, fast rise fall-time voltage transients.

3. The system of claim 1, wherein each disk is formatted with a sector servo pattern, and
including means for intermittently activating and deactivating the amplifier circuit to minimize
power dissipation during reading of the sector servo pattern and facilitate fast recovery
response of the system upon completion of reading.

4. The system of claim 1, wherein the amplifier circuit also comprises:
a semiconductor element having a first terminal electrically connected to said other end
of the resistor, a second terminal connected to said other terminal of the MR element, and a

control terminal for controlling the current flowing between said the first and second terminals;
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t't ansconduct ance anplifier (OTA) having one input connected to the

ref erence voltage source and anot her i nputjjconnected to said other end of
the resistor, and having.an output connecte he. contr.ol .termn f
i 1 21 ng_an B9 PBPrAdPGR esEodiEhn AR 0120 mEine Sk oy DR ol B
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and transistor interposed between said other end of said resistor and said first terminal of said
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MR el enmen@pplying added dc current through said semiconductor element but not through the resistor.

5. The system of claim 4, wherein each disk has servo information contained in a plurality
of circumferentially spaced servo sectors, and the system has a standby operationzil mode and a
read operational mode, and said amplifier circuit includes means operative only during reading
of servo information by an MR element to activate the OTA and connect the capacitor to the
semiconductor means for enabling fast recovery from standby mode to read mode.

6. A circuit for simultaneously biasing and amplifying signals produced by a
magnetoresistive (MR) element having two terminals, comprising:

a resistor for determining the gain of the circuit;

a single supply voltage source connected to one end of the resistor;

means providing a reference voltage source referenced to the supply voltage source;

a semiconductor element having a first terminal operatively connected to said other
end of the resistor, a second terminal connected to one of said terminals of the MR element,
and a control términal for controlling the current flowing between said first and second
terminals; _

an operational transconductance amplifier (OTA) having one input connected to the
reference voltage source and another input connected to said other end of the resistor, and
having an output connected to the control terminal for minimizing an error signal between the
reference voltage source and the voltage existing at said other end of said resistor;

an integrating capacitor interposed between the other terminal of the MR element and
control terminal to limit bandwidth of the OTA and noise;

a cascode stage comprising a transistor interposed between said other end of said
resistor and said first terminal of said semiconductor element and having a control terminal
connected to a bias voltage source for applying added dc current through said semiconductor
element but not through the resistor; and
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" bipolar transistor whose collector constitutes said first tlfaftér!....
constitutes said second term nal and base constitutes sai Iconifol

term nal . 8. The circuit of claim®6, wherein the sem conduct or

el ement is an enhancenent node NFET whose drain constitutes said first
terminal, source constitutes said second t®rninal, and gate constitutes

sai d control temeansgroviding a Setuitheiraiit togrounsf fredasaid @her tarmimabofitheiMR wi t h
a recordi Q_L)sk of a storage system said recording disk having a grounded
conductive substrate for mnimzing transient conductive asperity currents
between a striped portion of the grounded MR el enent and an air bearing

surface of t‘heI‘lﬂi' Sikeuit of clamiL@ whereld thelsemicohdsdioariérdasds ah WHN @i‘pdl‘z& tedidistor
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of the ciconstitites said control termiimed! e supply vol tage source connected to one

end of said first resistor; means providing a reference voltage
source referenced to the supgly vol t age source; an NPN bi pol ar
transi stor hawFhepcirquit ofglaiat 6 owhersinhesericondudier Jerment is An cahansement;mpdy

resi stor RPAT WhosE WLinCOBNRGLeS daidFirst ftRmal SoNRE cafititutes said second térniifidl, and
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sai d tr arficsQustinies; AeFmiBal. . onnected to one terninal of the MR

el ement, and a control termnal for controlling the current flow ng between

ts ?;ﬁ s ]; 1) F] 3 b c f%ﬁ]&lg e%ﬁ;%ﬁt éfeé’lﬁh{]% bmatlon with L E E’dlﬁg ﬁfsitcif%g,@?rag? ﬂ%stem said
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recording disk havmg a grounded conductlve substrate for minimizing transient conductive

asperity currents between a striped portion of the grounded MR element and an air bearing
surface of the disk. |

10. A circuit for simultaneously biasing and amplifying signals produced by a
magnetoresistive i(MR) element having two terminals, comprising:

a first resistor for determining the gain of the circuit;

a single supply voltage source connected to one end of said first resistor;

means providing a reference voltage source referenced to the supply voltage source;

an NPN bipolar transistor having its collector connected to the other end of said first
resistor and its base connected to a biasing voltage;

a first semiconductor element having a first terminal connected to the emitter of said
transistor, a second terminal connected to one terminal of the MR element, and a control
terminal for controlling the current flowing between said first and second terminals;

a first operational transconductance amplifier (OTA) having one input connected to the
reference voltage source and another input connected to the other end of said first resistor, and
having an output connected to the control terminal for minimizing an error signal between the
referénce voltage source and the voltage existing at said other end of said first resistor;

a first capacitor interposed between the other terminal of the MR element and control
terminal to limit bandwidth of the OTA; |

means providing a return circuit to ground from said other terminal of the MR
element;

a second resistor having its one end connected to the supply voltage source;
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ABSTRACT

AMPLIFIER FOR MAGNETORESISTIVE SENSOR

Low noise,.low power, low voltage amplifier circuits with a single
ended input having no common mode'rejection for concurrently biasing and
amplifying signals generated by magnetoresistive (MR) elements in a disk
file. The amplifier circuits comprise a single (grounded) supply voltage
source. One terminal of each MR eleﬁent and the conductive substréte of
each MR element and the conductive substrate of each disk in the disk

 file are grounded to minimize transient conductive asperity currents.

The head/disk assembly of the disk file is completely enclosed by a
highly conductive electrostatically shielded metallic enclosure that
operates as a Faraday cage and iSolates leads connecting the MR elements

with the amplifier circuit from large, fast rise/fall time voltage

transients.



