USE OF SHUNT RESI STOR W TH LARGE RA PRODUCT TUNNEL BARRI ERS Technical Field
The present invention relates to storage devices. In particular, the
present invention relates to a tunnel valve read head for a disk drive
that mnimzes the effective device resistance RD and inproves the device
Signal -to-Noise Ratio (SNR). 5 Background of the Invention Figure 1 shows
an exenpl ary hi gh- RPM QIS¥KO#rSHENTORERISTOR WITHOhARGE read/wite head (or

a recording slider) 101 that_.i I a tunnel -val ve read
sensor, that is positioneﬁiﬁaﬁy&mgqﬁgﬁlgﬁ% magnetic di sk 102
using, for exanple, 10 a two-stage servo systemfor reading data stored on
di sk 102. The two-stage servo systemincludes a voice-coil notor (VCM 104

for coarse positioning a read/ w i Techniead Fiddspensi on 105 and may i ncl ude a
m croact uat or 44.0r_m croposi.tioner or fine.,positigning. readiwite head
101 over the JEFRFER ‘.!1%‘12‘."“A“’§F%%F°e fores®s dPUPes WP Retpili ¢ Sal?r\ff%mpead
sensors iigvehtidi redabd RvakinBeMallHezadheadlfor kitesk @bleshanfrnmizRs tHeFecivOduct
for tunnel junctions_having | arge and/or optimzed Tunnel

Magnet o- Hewre resistance Ryrnd ympiowes the device Aipngbto-Mpise Rgbo (MNBe for achieving a
desirabl e device resistance RD of |ess than approXimtely 300 Chns for
device areas AD that are smaller than 0.1 nR. The notivation for a | ower

devi ce resistance RD is prinBackgroufid of dt¢ dehtign t he signal power (oc (AR /
R 2 (Vb. )2 / _RD) while sinultaneously 20 reducing the shot-noise of a
tunnel -val ve KégHe {xshewys aheremptaratieh-BEM, disk, divei MY hayinage magnetic whj ch
I's ot her%ﬁ%'ﬂgrﬂewgorbdyre@&gin?!sﬂﬁ ; 19?%%%5,%?& le,3H Saiveresh

bel ow. A secondary consideratiion s for avolding excessive device | npedance
m smat ch sensot, hhat iepasitioned tower & sdl ectédnpatt amcem@gnetit diskel 02naingnfarsxamplel ne

I nterconnection to the Arm _El eci.roni cs (AE) dul lch is pically
| ess 10 naf Bfo-Segrarene Smemcfﬂrrsr?afﬁp&ﬁ ot e (i e dhé duo w488 TR asi ng
anpl i fi egydgh $RclufGEPIALEASSY mAG SIEN) 104 GorEdarse (F38ikioAs Prealfvrite head han
300 Chns Tequires RAto be greater than 1-2 Chms-n2. Figure 2 is a graph
200 showiswgpensien 4@ aukinap iecludsl amicositigtorh et wearppditicned forRpositioning
'ltypl cal E—éja'&?\%itejhlé%rlbngér%g@eﬁ&ped%cﬁpd AR/ Ro are respectively the abscissa
A problem associated with tunnel-valve read sensors is that achievable values of
15  the resistance-area (RA) product for tunnel junctions having large and/or optimized
Tunnel Magneto-Resistance (TMR) values (i.e., AR/Ry) are too large for achieving a
desirable device resistance Rp of less than approximately 300 Ohms for device areas Ap

that are smaller than 0.1 umz. The motivation for a lower device resistance Rp is
primarily for increasing the signal power (< (AR/R)*(¥,,.,)* / R,) while simultaneously
20  reducing the shot-noise of a tunnel-valve head (ec R;,) when operated at a given bias

voltage Vyias, which is otherwise limited by additional considerations that are described

below. A secondary consideration is for avoiding excessive device impedance mismatch

with the characteristic impedance Z; of the transmission line interconnection to the Arm

Electronics (AE) module, which is typically less than or equal to 160 Ohms. A mismatch

25  has the effect of increasing amplifier noise. Accordingly, constraining Rp = (RA)Ap to
be less than 300 Ohms requires RA to be greater than 1-2 Ohms-pum?.

Figure 2 is a graph 200 showing the approximate relationship between RA and

AR/R, for a typical tunnel junction in which RA and AR/Ry are respectively the abscissa




and the ordinate of graph 200. As RA is reduced below a "corner" val ue of
RA,, by reducing the physical barrier thickness, the |owvoltage TMR ratio
AR/ RO begins to degrade approxinmately linearly as RA decreases. Tunnel

val ve barriers typically exhibit an RA value of approximtely 5-10
Chns-n2. Thus, the achievable ARRRQ for an 5 RA < 1-2 Chns-n2 will be
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Long1@ er fuclegrasidtionsorare roughy dess peavalehy whennithigkerhtunpeling ibantierpahaving bi as
vol t age %85% wel | éﬁel ow the V50 val ue. Depending on 20 the barrier

mat eri al ZEW%hds to degrade for thinner, |lower-RA barriers, and is,

at best, appreitionaRy,it Gowsll &kAbwiMtkdl tRATMR Rifo is\Wodtindepembac 6fl tHesbids
techni que that mnimzes the effective device resistance RD of a tunnel
val ve re3dltageabiutaingtepdrdeeroasss monotpmigally vathylasgert Visno Figirgd tis 8 grap}Obs o

tunnel v ad F ) . l.oveRnt. pre nvention
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char act efdw YbRade TARA2 Hof 13k réfon AdRe, i€ BE:dMAAmpractical to operate tunnel-valve

read sensors at bias voltages larger than V. Long-term degradation, however, usually

limits the practical barrier bias voltage Vpias to well below the Vsy value. Depending on

20  the barrier material, Vs also tends to degrade for thinner, lower-RA barriers, and is, at
best, approximately constant with RA <RA..

What is needed is a technique that minimizes the effective device resistance Rp of

a tunnel valve read head and improves the device Signal-to-Noise Ratio (SNR) of a

tunnel valve read head.
25
Summary of the Invention
The present invention minimizes the effective device resistance Rp of a tunnel
valve read head and improves the device Signal-to-Noise Ratio (SNR} of a tunnel valve
read head.
30 The advantages of the present invention are provided by a read head for use with

an interconnect transmission line having a characteristic impedance of Zy. The read head




2 includes a tunnel valve device and a shunt resistance Rs. The tunnel

val ve device has a device resistance RT corresponding to a predeterm ned
resi stance-area (RA) product. The shunt resistance Rs is connected in
paral |l el across the tunnel valve device. The value of the shunt resistance
i s chosen such that the parallel conbination of RT and Rs 5 substantially
equal s ainstuside e dvmrich¥alve dewice ead ¢ shut reistaresi Re. ahbe tungelcyalyesdevige has a

n torlstic i . . _ . bt oo
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Brief Descriptjon of the Drawings 15 The present invention is i]lystrated
by way oPSPEXRfhe PEGRERtIBVEIHIPD; T Rredstespingd qeﬁlétan%%ﬁg%ﬁ@ Progiuet 508N | n
which i e Jq10Ta =l Ladi-eat ) Mo SHEN [ o

Fi gure 1E§ﬁgaéeegnﬁg§erml arlgtlt)I ??*Eﬂmﬁe’gm &cé(?(rﬁig] i f/oeglﬁaw ngﬁ)gepnggr}g? iﬁé‘@eﬁh
read/ wr i inwetitiag the pigdéteguined Pesistange-greap(RA9 hwodusy) it dteub puad 1o eratabie of a

rel atjonshj p between RA and AR/ for a tunnel junction: FEigure s a
gr apL(5 s hmsﬁaﬁcﬁa{eﬁﬁp‘@ﬁlpr Rif Which at'ﬁ‘f{ﬁ‘@l M:?én‘f}g'rl%qs fa“&% r@"‘ﬁ)ﬂ%‘ﬂ? Gﬁﬂgﬁ

Vbi as; FehenfindNaWe @iice @by Adt Rbstaitfally ifcrédst esrathitherdh@@imh @le wiludVTJ
sensor valve, a 25 head-to-AE interconnect transm ssion |ine and an AE
pr eanpl i of e resigtahceagen @4 predust.gr aph showi ng the ratio of SNR2: SNR1 as a
function of RD for several values of Vbim Detail ed Description of the

I nvention 30 The present invention provides mnimzes the effective device
resi stance RD of a tunnel Brif DRsérdgitibnefitie Didwingy oves the device

Signal -to-Noise Ratio (SNR) of a tunnel 3 o
15 The present invention is illustrated by way of example and not by limitation in the

accompanying figures in which like reference numerals indicate similar elements and in
which:
Figure 1 shows an exemplary high-RPM disk drive having a magnetic read/write
head;
20 Figure 2 is a graph showing the approximate relationship between RA and AR/Ry
for a tunnel junction;
Figure 3 is a graph showing a typical AR/R for a tunneling barrier as a function of
Vbias;
Figure 4 shows an equivalent circuit schematic diagram of an MT]J sensor valve, a
25  head-to-AE interconnect transmission line and an AE preamplifier; and
Figure 5 is a graph showing the ratio of SNR;:SNR, as a function of Rp for

several values of Vpias.

Detailed Description of the Invention
30 The present invention provides minimizes the effective device resistance Rp of a

tunnel valve read head and improves the device Signal-to-Noise Ratio (SNR) of a tunnel




val ve read head. The shunt resistor Rs is preferably fabricated directly on
the substrate/slider using standard deposition and photolithographic

t echni ques, although the shunt resistor could al so possibly be supplied
externally as part of the AE nodule. A tunnel valve head can be designed
using the shunt resistor Rs of the present invention for 5 a given targeted
devi ce amwalye Aadnbkeadesi Beaskbunt RBsistini Re isi prgferable ofabtigatédiislitectly i oy thére
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MIJ sensor val ve 401 includes tunnel valve sensor resistance RT and shunt
r esi st andespig thatgbe MERc tynne] sanser vesistomoe Bemdbid/daimay significantlyoereeed t o

ncl ude g sianale. Xl 13086 i AR oA BRIAMECENTR, SEH WnrkPolisd ance

Rs is np ed to 1nc a nol se source anp eled to
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Additionally, the jnput_ inpedance_of preanplifier 403 is assuned to be
equall0 t &lating texisyice visld.svater yamabidisy, @pd go‘F“'{lﬁ?eI@PﬁBﬁnect i on transni ssion

line 402 ' ; ! NT
i ne so t %rggtsggf% raégleécfﬁgv R buiY Ak c%g?%gﬂp ‘fdﬁsof“% }g’g ¥ Qhdspee

of MIJ sensor transmtted to p I frer w t hout _
refl ecti walve B¢, & kendetoedlE intetcanmect tramsatisgiovdine 402 amvbarVAE premuplifiarad03e SD i s

iven b SD = (Z ] 2j. ARRRO (1 2 Ivtyi. [V50l . (1) in which
O Lot MEsensar vabte AT hndhin YR ST B SINE R o 3Bt Fesi bRt o
preanpl i msedho%‘?lniﬁg&le\fl? DY sehsdr vilNZ=I1Tis modeled to include a signal voltage St

15 and/or a noise source Nt. Shunt resistance Rg is modeled to include a noise source Ns.

Preamplifier 403 is modeled to include rms voltage noise source V4 and current noise
source [5. Additionally, the input impedance of preamplifier 403 is assumed to be equal
to the characteristic impedance Zy of interconnection transmission line 402 so that both
the rms signal voltage St and rms noise voltage Nt of MTJ sensor valve 401 are

20 transmitted to preamplifier 403 without reflection.

The expected voltage signal power of the MIT sensor valve S? is given by,

2
$3= @R Ve ORIRR (1= 4. ®
in which
Z=R,| 2, @)
25 and
R, =R, “ Ry 3)

The noise power N} at the input to preamplifier 403 is given by

2

Nl = 2 4kTR, , 4)

5

2
11 4kTR, {Vb—“"’ coth(ﬂ"ﬂJ} +
R; Von Vin R




(3) 4 2 4kTR Vb'* coth Vbr~ + Vrh Vh Z RS 2 4kTRS , (4) in which V,h

=2kTl e- bOmV (5) The expressions for both SD and N2 include the shunting
effects of both the shunt resistor Rs of the present invention, as well as
that of the preanplifier input 5 inpedance Z0. The expression for the noise
power No includes the shot noise plus the Johnson noise for the tunnel

val ve, imn#dihti on to the Johnson noise for the shunt resistor Rs. (For

sinplicity, this expression exclude e_noi due- to the current ,and
vol tage noise of the amplifier l[,;h‘li’ff}c}e"pgﬁﬂﬁgn the reflections at ®he

| npedance-m spatched .interfac tween,tr m ssion-Jine_and read sensor.)
For bias vol t ag&F*PHAPIO%} gore%grf{)gd‘\agoﬂ Iée’tr‘gﬂ‘aﬁ tﬁ?)éh%’@gr&ec‘ish‘éfr ttﬁ‘ﬁoi se
power for et I t l.al l h 0 -R0I AKTRT
For the. chimiciebaP Hs NEUNE pRUGR' B0k, % SHEPRE e Bt of°RRBARIAE RGO
conpas abli@psdaed 75, Thé eRpieSoio RS (NEhHISS pEREC MY flcludel tHREMOL Hojdd @ihs\{ﬁe-- The
expression for signal power SD explici th I ncl"udes t he dependence on

AR/ R( Vb; Johnsahinoise forsthe inmmel valveiiguddition tdthe JoBhsoninsiseifoi theshinmaksistes t he

dependence of AR/ Ro, on the RA 15 product of the tunnel barrier, which is
shown i nRsi g&pe smpligyy, thisexpressean gclydes tae ppise dye teihe) pwaemt tandfvoliage t unnel

barrier is;:.0f ' ! : S ' I e . To
enphasi Zgﬁ;[s eOfrtﬁ%odﬁi angiéqf)lfla}t ﬁ%gpglngle%@eg?&%tﬁ%géﬁ%%ﬁwlgr o@g%:f of
t he t unnaitedfaerbeeweent themsmigivatHirerahd readsensorpr Esisbhiasigoltages timearefeapeatedrput i ng

the 18 0 %Icat%\%%}l /1 881238 rrg‘?,tt'hg shSol\tlﬁc)%Se power for the tunnel valve substantially exceeds the

Johnson noise 4k TRt for the tunnel-valve device, as well as and the Johnson noise 4kTRs

for a comparable shunt resistance, and varies essentially linearly with V. The
expression for signal power S’ explicitly includes the dependence on AR/R(Vyias), which

is shown in Figure 3, but only implicitly includes the dependence of AR/Ry on the RA

15  product of the tunnel barrier, which is shown in Figure 2. The dependence of AR/Ry on

the RA product of the tunnel barrier is of key importance because signal power varies as
(AR/Ry)”.

To emphasize the importance of the dependence of AR/Ry on the RA product of

the tunnel barrier, the signal and noise expressions are used for computing the

20 signal/noise ratio SNR as

2
SNR =50 (6)

2
D

for a conventional tunnel-valve head and for a tunnel-valve head having a shunt

resistance Rg according to the present invention for a design target device resistance Rp

and a design target device area Ap. For the conventional tunnel-valve head design, there

25, is no shunt resistor (i.e., Rg goes to infinity), and the tunnel barrier thickness is chosen
such that the RA product of the barrier is

R4, =R, 4, (M

For the a tunnel-valve head design having a shunt resistance Rg according to the

present invention, the tunnel barrier thickness is increased such that




z SNR =2z (6) Dfor a conventional tunnel-valve head and for a

tunnel -val ve head having a shunt resistance Rs according to the present

i nvention for a design target device resistance RD and a design target
device area AD. For the conventional tunnel-valve head design, there 25. is
no shunt resistor (i.e., Rs goes to infinity), and the tunnel barrier

thi ckness is chosen such that the Rf pfdduct of the barrier is R 48 = RD
AD (7) _For the a tunnel-val ve head design having a shunt resistance RS
accor di nd-tdhe Melue gt theereomeny ehiheohR/Roris. Ranetave shewn én Figvire kndde head

I ncrease t = (8 i.e., the value at the "corner" of
the AR/ R?X%%%&M?%ert@g&gﬁgﬁmeﬁ gure 1. The head resistance of the
tunnel valve is then RA, RT A D (9) 5 agd the shunt resistor Rs is then
chosen such that the parallel conbi Ratiomof RT and Rs (RT Il R$) d8luals
the target device resistance RD. That i$? RS = RTRD /(RT - RD/ . (10) It

I S naktur . < | sh i Rs
boconss. it e RHF s theh CRbRP GRM i % RIS ommbithy 81 PR,
val ues V""é!fflrzﬂﬂl?ﬁ)%ﬁﬂm:targe{h@i&@g&aﬁ'&ﬁﬁﬁﬁhﬁiﬁoo nV, RAc = 10 Chms-n2, and
ZQ = 75 . Fn'this case, the intrinsic sensor Tesistance of a thick
barrier with RA = RAc woul d be mno esi vel | arge RT = RAc/AD =7 00
Chms. The characteristic "therr‘r%l ?/%?PZ é" \}%IZ: 2kT/e 15 (50 rrv_%gproom
tenperature) is taken to be 60 nVv.

=

It is naturally assumed that Rp <Rt because, otherwise, shunt resistor Rg becomes
10 superfluous.
For comparison purposes, the following parameter values will be assumed:
Ap =0.005 p.mz, Vs0 =400 mV, RA. =10 Ohms-umz, and Zo =75 Ohms. In this case,
the intrinsic sensor resistance of a thick barrier with RA = RA; would be an excessively
large RT=RA/Ap =2000 Ohms. The characteristic “thermal voltage” Vi, = 2kT/e

15 (50 mV at room temperature) is taken to be 60 mV.
Figure 5 is a graph showing the ratio of SNR,:SNR, as a function of design target
device resistance Rp for several values of V. In Figure 5, SNR; is the SNR for a
conventional tunnel-valve head and SNR; is the SNR for a tunnel-valve head having a
shunt resistance Rg according to the present invention. As shown in Figure 5, the ratio of
20 SNRz:SNR; increases as Rp decreases. The two designs are equivalent when
Rp=2kOhms. In the case of a more desirable design target resistance of
Rp =300 Ohms, a significantly greater intrinsic sensor signal/noise ratio (i.e., 3-4 dB
excluding amplifier noise) can be achieved with the present invention by using a
physically robust RA =10 Ohrns-um2 barrier combined with shunt resistor
25-  Rg =350 Ohms. In contrast, a conventional tunnel-valve head design requires that a thin

tunnel barrier be fabricated having a very low value of RA = 1.5, and having an expected

85% TMR loss of AR/Ry=(RA/RAc=10.15) AR/Rnax for the same design target
resistance of Rp =300 Ohms. The comparative SNR advantage of the present invention




Figure 5 is a graph showng the ratio of SNR2: SNR1 as a function of design
target device resistance RD for several values of Vb;.,. In Figure 5 SNRI
is the SNR for a conventional tunnel-valve head and SNR2 is the SNR for a
tunnel -val ve head having a shunt resistance Rs according to the present
invention. As shown in Figure 5, the ratio of 20 SNR2: SNR1 i ncreases as RD
decr easedncraases pshedageidayicsresistange B infurtheraredugrp andfor biisrmoltage Viiads case
of a rmrci\mg%%%abl e design target resistance of RD = 300 Chns, a
significantl'y greater intrinsic sensor signal/noise ratio (i.e., 3-4 dB
excl udi ng anplQenemilynthesdy amtagesuf the biesaitt dnvéntibn takerditesd enthel dépeiddned by
using a si cal robust RA =_10 Chns-nR barrier conbi ned with shunt
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The conparative SNR advantage of the present invention 6 increases as the

target dévicdr Restushahatd RBo. §;, fhgeomes roughly dadepandind of Birabutvlif tsaales ¥bj i s
i ncrease Ge Y, ~} he ant ages of the present invention are rel ated
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for 1bhe end SNR imofurtheyincecased as WhincincreZses, p&ticulRdy weheahVihatVy] witich 8D
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when Vb, Re, and MelSNROUdOnthge oftthe @hl@tresiStoP Of tepreas® invenBbR abdel@atedla VEry
| ow RD approaching Z4, which in the unshunted (conventional) case RD = RT

S]Lo addi t frepdhithay ipalforevident de diigae 8. wWFinnlly, clic @dvantsge, inaintrinsice SR §N§anth age
s al'So- SRS Refesfint WfenR 5P Rl dBHEh o0 RGBSk el el SBRL o e

15 provi iteteaby it N8, pndoe shfei andeniablo maximont ofkastizig bias ablagedohén apia denefit
of a poten iab%ﬁ iﬂcr,e se i n V50 and/or, safe and stabl e maxi num operating

bi as vol MEGE" Reh Y%‘ﬁi]é! thicker apd mags roppsy dppagl | barnes; affasdedy by the mseseBbust
tunnel Db§fveh@sn af forded by the present

Although the foregoing invention has been described in some detail for purposes

20  of clarity of understanding, it will be apparent that certain changes and modifications may
be practiced that are within the scope of the appended claims. Accordingly, the present
embodiments are to be considered as illustrative and not restrictive, and the invention is

not to be limited to the details given herein, but may be modified within the scope and

equivalents of the appended claims.




i nvention. Al though the foregoing invention has been described in sone
detail for purposes 20 of clarity of understanding, it will be apparent
that certain changes and nodifications nay be practiced that are within
the scope of the appended clains. Accordingly, the present enbodinents are
to be considered as illustrative and not restrictive, and the invention is
not to béVhakisiclaimed i$:he details given herein, but may be nodified wthin
the sg¢ope and, equiy f e LOB.,..7 i Laijed is: 1
1. A?r ead heald forAﬁé%dq\t}]mg?cﬁf%%n?en?g@c%ﬁgtgﬁo réaﬁs%ang}sﬁ?%{no ﬁﬂ% }%g(/ﬁﬁn% a 2
char agt exchaatteristipiagriatef Z¢ahe fdad hegthcorhgridingzonpri sing: 3 a tunnel valve
devi ce, the tunnel valve device_ having a _device resistance 4 RT.
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9. The disk drive according to claim 7, wherein the predetermined resistance-

2 area (RA) product is about equal to at least about 10 Ohms-pum>.

1 10.  The disk drive according to claim 7, wherein the predetermined resistance-
2 area (RA) product is about equal to a value of a resistance-area (RA) product in which a
3  Tunnel Magneto-Resistance (TMR) ratio AR/Ry for the tunnel valve device does not
4  substantially increase for further increase in the value of the resistance-area (RA)
5  product.

1 11. The disk drive according to claim 7, wherein the shunt resistance Rg is

2  located on a substrate/slider for the read head.

1 12. The disk drive according to claim 7, wherein the shunt resistance Rg is

2 located at an arm electronics module associated with the read head.




