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" INFORMATION THEORETICAL
CONCEPTS

Recording Channel = Information Channel

«+ CHANNEL: Physical means for transmitting or
storing information. | |




INFORMATION needs a PHYSICAL
CARRIER

—Information—
(mapping)
)

Active \1 i

Passnye

. . Active
o Active Information:

Grafted onto energetic carrier (power)

o Passive Information:

Non-energetic carrier (ordered state of matter)

ACTIVE INFORMATION = SIGNAL
PASSIVE INFORMATION = PATTERN

03/89 (K.B. Klasssen)



UTILIZATION

Active Information

s Easily transmitted |
(as electromagnetic power)

s Dissipates away
(eventually drowns in thermal noise)

Ideal for communication between systems

Passive Information

s Not readily transmitted
(shipping of matter)

w Little long-term decay

Ideal for information storage

- /'1 - 03/89 (K.B. Klaas<tn)



Digital (mapping)
Data Y

(domains)=_ | . { Electric

Digital
Output
Y Y
Write Read
AMEDIUME
ELECTRONICS ELECTRONICS



Physical Channel

Active Information is contained in:

o Signals
e Energetic physical carriers of desired information
o Waveforms we want to see

These are always accompanied by:

o Noise (1Yol §nnd, vkd)
e Unpredictable, random perturbations
e (Generated in channel hardware
e Theoretically inescapable
e Thermal noise, shot noise, etc.

o Interference
e Undesirable garbage signals
e Avoidable
e Environment generated
e FElectromagnetic interference, cross-talk, etc.

o Distortion
e (trace) average of difference between waveforms
we get and those we want
e Linear distortion: channel frequency response not
adequate
e Non-linear distortion: channel dynamic range not
adequate

HST-96 —_ é - 3/96 (K.B. KIAASSEN)



Basic Contributors

= Magnetic Medium
Transition
DC-erase } Noise
Track edge
Overwrite
Adjacent track } Interference

Texture
Intersymbol  Distortion

- Head

Coil/sensor resistance
Eddy current damping } Noise
Barkhausen
Tribo-electric
Thermal asperity } Interference
Conductive contact
MR head asymmetry  Distortion

- Electronics

Thermal }
Shot Noise

Electro-magnetic  Interference
TA dynamics  Distortion

HST-96 -7 3/96 (K.B. KIAASSEN)






Information Channel

l‘
I

Initially Conversion

Transmittedc
Information

Arbitrary

Magnetic
o > Delay

Patterns

Stored

Exact
r::>Replica

Conversion



WHY ENCODING-PROCESSING ?

At write-read process (mapping) we lose some
information '

This is due to;

Noise Contamination

Interference Injection
linear
Signal Distortion <
«. non-linear

This can be counteracted by:

« Encoding

e Signal Processing

—-|0- 03/89 (K.B. Klaasscn



Channel Front-End

Definition

The components ahead of the channel data
module form the channel front-end

Front-End Components

— Read/Write transducer

— Transducer-electronics interconnect
— Flex cable (input)

— Electronics module

— Flex cable (output)

— Disk enclosure connector

— Traces on drive electronics card

Two Signal Paths

The front-end comprises two data signal paths:
*x Read path
*»  Write path

1HIST-96 - 3/96 (K.B. KIAASSEN)



Front-End is a System

The components of a front-end form a system

L)
The mutual matching of these components becomes
important for high data rates

This system approach is needed because the physical

- dimensions and the signal frequency content in the
front-end necessitates the design of a component in
the context of its environment

A good understanding of Recording Physics is
Important to arrive at the design specifications of the
front-end components

11ST-96 ~12- 3/96 (K.B. KIAASSEN)
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30 aeq phase shift in 5th harmonic
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Electronics Role in Information
Conversion

Mw( Aj’?{f\:‘ﬁ')
® Signal Conditioning ther /

(Gain, filtering, TA suppression...)

® Transducer-Electronics Interface
- (Impedance, biasing...)

® [nterference Rejection
(CMRR, PSRR...)

—(5— 05/91 (Klaassen )



Interference Rejection

o Input Interference Pick-up

Capacitively coupled into head

Couples equally into both head leads

"Common-mode” type of interference voltage V.,

Head signal is “differential-mode” type  signal voltage V,

1/2Zn,

L LS Vdm

r

cm
1/2Z,,

Single-Ended Input Amplifier

(No CM interference rejection)

Differential Input Amplifier
(Rejects CM interference)
Measure of amount of rejection:

Vem |
Vh same V,,

Common-Mode Rejection Ratio

Vdm
Adm = Vh
Adm
CMRR = |
AC”I o Vdm
cm ch

HST-96 —15(@)— 396 (R, KLAASSEN)



Interference Rejection

Cause: Any left/right input impedance imbalance causes

CMRR to be finite (> 60 dB)

'\//lﬁ, ne\;( i

Parasitic capacitances cause high-frequency CMRR roll-off of

6 dB/oct

o Power Supply Interference

Feedthrough of power supply interference to signal output

Decouple power supply lines at side of module

1127},
Measure of amount of rejection:

Goe s 40 /9&/ & Lvlj( -;(}{7

Vs 1
Power Supply Suppression =
Vdm Aps
Most often “referred to input” (similar to CMRR)
. . Vs
Power Supply Rejection Ratio % Immd,dm
h
A . Vdm
Adm o Vh
PSRR = y
ps P Vdm
ps Ve
HST-96 —15b)— 390 (KB, RLAASSEN



Interference Rejection

e Cause: Finite impedance of (vertical) amplifier
branches connected between the two supply lines.
Supply voltage affects branch current and feeds
through into signal output. - st le ended

PSRR is usually worse in SE amplifiers

High frequency roll-off 6dB/oct

HST-96 3/96 (K.B. KLAASSEN)
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Front-End Electronics

Nomenclature:

Pre-amplifier
Head electronics
Arm electronics

Port-Dedicated Port-Common

Dedicated---------~=

Ampli

Head O
Common

Y

fication

Head 1

_+ | Biasing/ ’ >

- | Sensing Signal
Head n@

Processing
Dummy [L'L: Switching

i

v

HST-96 i 3/96 (K.B. KIAASSEN)



Arm Electronics Module
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Magnetic Recording Process

/
A
/

Read Curren’rl ) TWn’re Current

Magnetoresistive  Inductive
Read Element Write Element




”’\(:"‘

Metged Magnetoresistive Head

iInductive Write Head
P2 Layer

Induc ive Head P1
+MR Shield2

MR Shield1



S

MR Head Basics -

Bias Source

=1 A l / ver
,Vsign .Iblcsx Rsensor — /Preamphﬂgr
d

R R e !::Il . ,‘j s Vouf
Twisted Lines £

R
P

_ AlrBearing
Surface -
Arm Electronics

‘Shields AR , |
. _ | Module I

Soft Adjacent
‘._l_.cyer
<+— MR Sensor

?onfccf f

TS T8

o e

Sofzr:Ad‘j'cc'enf
- Layer




Noise/Bandwidth Comparison

Comparing an

® |nductive read head
®¢ MR read head

read-out by the same voltage sensing (high input
impedance) pre-amplifier, shows that the

®  Number of turns n
® (Inverse of) the sensor height h

have equivalent roles in the |
5 )./,W‘VL
j;\[("‘tf/'af }

AL
Signal amplitude of oefel &

e Bandwidth

® Signal-to-noise ratio

HST-96 - 2 S - 3/96 (K.B. KIAASSEN)



Noise and Bandwidth

Inductive Read Head
Comparison (

MR Read Head

Read out by same voltage sensing preamp.

— Input referred noise voltage Vi,
— Input capacitance G

» Scale inductive head: turns ratio u
(TN

R, = nR,, L, = n°L,, V, = nV,

» 9Scale MR head: inverse sensor height
ratio y’ |

Rmr — n’R’o, er — n’V,o

2 L] — 07/94 (K.B. Klaassen, J.C.L. van Peppen)



Noise, Bandwidth Cont.

Inductive Head .
Input circuit bandwidth of critically
damped head:

1

f_34g = >
277:1 / 1’] LOCt
—

1 .
27’”’],/ LOCt

>
(Spot) Signal-to-Noise Ratio (Af = 1 Hz)

,/\/

2
v
SNR = il 5
4KTR, + V3,
Ui N ol
2,2
SNR =

07/94 (K.B. Kl , J.C.L. van Peppen)
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Noise, Bandwidth Cont.

¢ MR Head
Input circuit bandwidth:
f — 1 — 1
—3dB an | 2nn'R’ ,Cy
Spot SNR: T LS5 M2 ndo
2
V
SNR = AL

“ (,

2
| 4kTRmI’ + Van gy P
Nl AT s

. & A
:.3‘;;;’\ rﬂ"€ ’ {)

124 42
NV,

SNR

AKTH'R’ , + V2,

-2 6 - 07/94 (K.B. Klaassen, J.C.L. van Peppen)



Noise, Bandwidth Cont.

Hence, the inductive and the MR head have
the same scaling factor dependence

Signal: V = nV,

1

BandW|dth f_ 3dB — 27_“17:

n>Vs
4KkTHR, + V2,

_S/N Ratio SNR =

The role of number of turns n in an inductive
head is equivalent to the role of (the inverse
of) the sensor height A in an MR head

"2_7 — 07/94 (K.B. Klaassen, J.C.L. van Peppen)



Some Recording Physics

o Single-Element Inductive Read|Write Heads

® Advantages
— Self-generating (need no bias)
— Simple servoing (single element)
(symmetrical track profile)
— Linear reader
— Robust (in view of ESD and corrosion)
— No thermal asperities (when flying low)

e Disadvantages

— High velocities only (Faraday, d®/dt sensitive)

— Large N (narrow trackwidths)

— High inductance (high speed writing requires
large electronics supply
voltage, dissipation)

— Limited bandwidth (coil-electronics resonance)

® Probably not extendable beyond
(12.5 MBJ/s, 5 um tracks)

1IST-96 —_— 2,8 - 3/96 (K.B. KLAASSEN)



Inductive Headé

Single-element read/write transducer

® Scale head turns N

Vi, = NV,

Ry, = NR, Leads: L = L

Lh - N2Lo

Cn = NG, Extra, parallel port:
lw = MMFIN C = Ce

e (Critically damped head band-end:

1 1
COO: ==

//—-—
V LC /N3LOCO

e Degrades quickly for increasing N
(needed for decreasing trackwidths)
e Extra burdened by parallel port (Ce)

For higher data rates[narrower tracks an MR
head is unavoidable

1IST-96 — 28— 3/96 (K.B. KIAASSEN)



Some Recording Physics (Cont)

o MR Read|Inductive Write Heads

Positioning of the two elements:
Side-by-side, piggy back, merged, integrated

N\
6m€¢;{\3 b

e Advantages oof ot
— Large signal/unit trackwidth wo 9 -
— Velocity independent (flux-sensing)
— Very large bandwidths possible

— Separately optimized read and write heads
Low N write head
Write-wide, read-narrow

— |solated pulse shape with no undershoot

o Disadvantages

— Active read element exposed at ABS
Thermal asperities
Electro-erosion

Corrosion o
Smearing &

1IST-96 - 26\ — 3/96 (K.B. KLAASSEN)



Some Recording Physics (Cont)

— ESD sensitive / d 'e&bﬁ;ﬁh Aheap e Py
— Electromigration (sensor temp., current density)
— Interdiffusion (sensor temp.)

— Non-linear read sensor (amplitude asymmetry)
— Needs shields for high resolution

— Asymmetrical track profile

— Write-to-read offset (skewed slider, miCro jog)
— Complexity (e.g. lapping)

IST-96 -30- 3/96 (K.B. KLAASSEN)



ESD Discharge
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1-;‘“"— ——
Skoe So‘l Coq‘;o.c(kance,
16
T (o
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w8
Y
o
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3
M
\é
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Electro-Static Discharge (ESD)

® MR sensor failure due to electical overstress caused
by accidental electrostatic discharge (tools, people)

¢ Simulated by Human Body Model

Joost k- ”"’(lz
| e ' » ot 5 /W%
T V\Zé(m_c;é‘z SLIVE
=_—— L 3 very b
\/\'\bm Wb DUT \\/\g \—/\eqa [affiﬁﬁl’?)
».
Chbm: \OOFF, thm: \.Skﬂ <Thbm: e Y\S)
e FEnergy release into MR head
2 Thbm R R
Evr = Rur lo — (Rur < Ropm)
lo = VipmlRubm
Rur 1 2
Eyr Ror Enbm: Enom = 2 ChomVhbm
m |

HIST-96 -39 - 3/96 (K.B. KIAASSEN)



ESD Discharge

100 mA/div | ESD Current
’\fv\
U T\\__%_‘
100 ns/div
ESD Charge
Vertical [Horizontal | Acquire Graticules Page Rem
Desc Desc Desc to Wfm 2
Avg (Intg ( Main Avg#=172 All Wfms |Avg (
I[High Prec |500MS/sec |Backweight Statys IMain
Input - FFT Act on Main Pan/ Main
Parameters | Control Delta Size Zoom | Position
Volts None 100n off -110n
Hanning s/div S

—33_




ESD Diséharge

f ESD Current
100 mA/div /\
\JAV\
/\’__\
\\MNW
50 ns/div
0.8 nJ/Q per div |
//////
/ ESD Energy
Vertical |Horizontal | Acquire Graticules Page Rem
Desc Desc Desc to Wfm 2
Avg (Intg ( Main Avg#=228 All Wfms |[Avg(
High Prec 1GS/sec Backweight Status _ [Main
Input FFT Act on Main Pan/ Main
Parameters | Control Delta Size Zoom Position
Volts None 50n Off -55n
Hanning s/div S
-S4 —~ a_,\ o~ 9 b aiéa\\v;~\\> <




Electro-Static Discharge (ESD)

o Lethal sensor MR peak voltage
Heat flow study:

Vp,MR - K1RMR + K2TW

Ky ~ 33mA, Ky~ 1.7 x 10° V/m

o Typical values
For Rur = 30 Q head, track width TW = 7.5 um, we

expect:

Vomr = 228 V Vipm = 114V

lhyr = 745 mA Qur = 11 nC

Eyr = 13 nd Erpm = 650 nd

o Counter Measures
ESD protection devices across electronics port similar
to those in place to protect the module from ESD

damage

Cho% ch'fifﬁ - C(}w—\,\{) aldol2

mq/u\‘, rw»w\(“v

HIST-96 -35— 3/96 (K.B. KLAASSEN)



Electromigration

® Mean Time To Failure:
—n E|kTF
MTTF = ¢J ~" e
c constant (cross sectional sensor area)
J sensor current density
n experimentally determined exponent
E, activation energy
k Boltzmann’s constant
T absolute temperature
e Self-accelerating void|crack formation
g/ 4
O 80
O
C 60
©
e
D a0
N
&20 - oo 00— 0——0—0-0—0 o——0—0 ::::44"3
S 0
91200 1220 1240 1260
(‘}3 Test Time (h)
[ J

Keep MR bias low enough (T and J), turn off when
not needed

HST-96 - 36— 3/96 (K.B. KLAASSEYN)



Lapping Issues

Sensor Height
. cesens BN N Throat Height

/MR STRIPE \WRITE GAP



Base Line Disturbances

Base line disturbances (ABS exposed MR heads):

o Thermal Events
- Additive to data signal

A. Classical “Thermal Asperity” (TA)

o Fast rising (electronics BW limited)
Compound, fixed exponential decay
Mono-polar (positive)

Heating, hard asperity frictional contact

O O O

. Proximity “Thermal Interference”
Mono-polar
Cooling by lube and proximity of disk “summits”
“Wandering base line” type of disturbance

O O O W

® Conductive Events (CE)
- Mono-polar (negative for SE inputs)
- Short lasting (contact time)
- Fast rise/fall times (electronics BW limited)
- Amplitude can be large
- No data during event

1IST-96 ~-39- 3/96 (K.B. KIAASSEN)



Base Line Disturbances

® Smearing Events
- Conductive smears across read gap
- Intermittent contacts
- Fast rise/fall time (electronics BW limited)
- Random signal, “Telegraph Noise” (TN)

N.B: High-pass nature of MR front-end electronics affects
observed waveshapes

MK Head

TA

CE

) bo }/( I W 1 g ]
dGi‘OU\" 1n‘t*> (Qz‘;)‘ dec ch)

1IST-96 - 34— 3/96 (K.B. KIAASSEN)



Base Line Disturbances

o Counter Measures

@)

Thermal Events
Flag and remove TAs
Restore base line variations

Conductive Events

Turn MR bias off (landing/resting/taking off)
Minimize voltage difference (sensor-disk)
Limit ground return current (compare: Ground
fault interruptor)

Smearing Events

Remove conduyction path

Ground shields, apply potential to MR sensor
(flying heads only)

IIST-96
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"Classical” Thermal Asperity

T T
- High data density

\
Lo AN N
/
I\
{/ \
rad Yot 19 \JWM( Am; (vfc; 5-151.5)
lomen (¢ it ol ampoc toiaes&

1 I

- Low data density

e

~Lt—




Different Size TAs

@\W\/m 5»«;\“{( &incl
20ncng 055

| | |
Tall Thermal Asperity |

w/f/—

Small Thermal Asperity

AP\-\W
i v

-42-




Dual Stripe MR Hea

_.[13._



Why Dual Stripe Design?

Double the signal
(for same bias current /)

Cancelling of even harmonics
(On traCk)-v\o-(« c)?‘%//*'f‘tc"(

Thermal asperity suppression
(10% tolerance — 20 dB)

(RIS PRV
Symmetrical track profile
(servo advantage)

Interference rejection
(10% tolerance - CMRR = 20 dB)

Leeae shuned

1IST-96 ~Lk— 3/96 (K.B. KLAASSEN)



Issues Dual Stripe Design

Interstripe shorting
Alignment tolerances

Needs matched MR sensors
Needs 3 MR leads

Temperature rise limited biasing onl coolbin

— %l per stripe — same signal j@ i?‘*"’"“
Inis

Disk flux shared between sensors
— smaller signal

1IST-96 — L5 3/96 (K.B. KLAASSEN)



Asperity Reduction Circuit (ARC)

signal + disturbance in
T

Delay

signal out

+ Envelope
Detector

:(P__>

- Envelope
Detector

| Nonlinear

Filter

-

disturbance out

T pecdiee Lo dily 50l curcecto flec asprsh

be g
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TA Base Line Restoration

Detect base line variation, subtract from signal .
Asperity Reduction Circuit (ARC)

Subtractive restoration also provides restored TA

. i-vn-\\uhum FNUPe

|
-

.

- 600ns  -1000ns  1400ns . 1800ns

o
11ST-96 - Lfg\ oerte p-  3/96 (K.B. KLAASSEN)
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Asperity Reduction Circuit (ARC)

Electronic Thermal Asperity Removal:

Electronically corrected.
Magnitude 2 times

1994  { Klaassan)



MR Sensor Edge Erosion

Observed phenomenon Ry e "Z(Q fect”

Electro-erosion creates recessed sensor
Loss of sensitivity

Counter measures:

e Keep disk at potential of sensor
(floating, biased Disk Enclosure)

e Keep MR sensor at ground potential
(requires dual power supply)

e Keep one sensor lead at ground potential

(single supply, single-ended amplifier input)
o CMR

¢ Limit ground return currents to safe values
(ground fault interruptor analogy)

: _ 3/96 (K.B. KLAASSEN
IST-96 - 5o- ( )



Sensor Erosion Protection

® Module detects relative resistance variation
AR/R (Less sensitivity scatter due to tolerances)

¢ Maintains center of MR sensor at ground
potential

® Limits peak ground return current to less than
100 uA for short-lasting conductive events

A
SLAVE R |IR
;Eéglh LT ~OTA
| V, > ' >
|0/ o P»
H l]

4

L ore oT Y
\& o 50 /MH_<E SEZ

,‘/ (' p
S(V)c\(‘/. |

L

cw o MASTER

Ql i l2[
Voltage bias V... = I R; V.
| = constant ~ 5 mA

Bias current Ib = Vbias/R

Output V. = AV, . AR/R, gain A = R /r,

1IST-96 - 5| - 3/96 (K.B. KLAASSEN)



Ground Current (50 uA/div.)

Conductive Asperity Current
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Short-lasting contact (E=c.2 ¢ ) |

N

. Continuous contact

s

Time (100 ns/div.)
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Noise Modelling Results

. Noise versus bandwidth dilemma

® Forces compromise value for the input transistor bias
current

® For high bandwidth and low noise:

parameter Current Performance
high f, (5 GH2)
high S (80) For n = 36
low r, (2.5 Q) BW = 100 MHz
1Z,] < < 2Ryamping (2 kQ) V., = 0.5 nV//Hz
low K, __ & 4. @ (1.25 nH) at bias current
\e

IOW Kr ~ (9 :;\,(7(‘/4\/\) (1 Q) 25 - 5 mA

V\(J\

-5 (- 03/89 (K.B. Klaassen)
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Noise Matching

Often mistaken for “Impedance Matching”

(Transmission lines, reflection free: Zi = Z7)

(Maximum power transfer: Z; = Z¥) o
}f‘,’c [Jﬁf/ C”\/)((J'Iwc <

LLM?)‘“‘O
Define “optimal source resistance”
R . — Van
opt — |

an
(Just a ratio, non-physical resistance)
o Low Electronics Noise Design

o Make V,, and /,, as small as economically feasible
(large area, low-noise input devices)

o Put most effort into reducing largest contributor:
Van, lan IZh |
(scale Z, by changing turns N, scaling limited by
write fuction of the head)

o If |Zy| # Rop further reduction of electronics
noise is possible by ”Noise Matching”

HIST-96 _62 _ 3/96 (K.B. KIAASSEN)



Noise Matching

o Insert reactive components (no noise contribution)
for noise matching:

- Transformer N = \/Ropt/IZhI
- Series/parallel reactances (finite band)

b \’ e 61“/ c'/\‘\'(f"Ffw’év»(_L

HST-96 - ég - 3/96 (K.B. KIAASSEN)
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Output Noise (2dB/div)

Example: IBM 3380 channel front-end obtains 6 dB

Signal-to-Electronics-Noise improvement by noise
matching

e )| L sNC Erest)

[e"(((b 3//\) ‘(MPI‘.JzA)‘,

Frequency (lin)

Transformer N = 23/4,

Frequency (lin)

A\
Y
N
A | Mmm
i . . (a) ‘ '_w'_"_, ; M ‘ (b)
bt e -

Total noise (top), Head and electronics noise (bottom)
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Magnetic Head Instability

e Write Instability

Definition: Delayed relaxation of head
yoke, immediately after write

® Read Instability

Definition: Domain wall instability in
head yoke, long after last write

- bs-_. (Klaassen / Van Peppen)



Relaxation after Write

1989 (K.B. Klasassen)
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MR Front-Ends

General
Front-end read/write electronics combined in a

stand-alone analog integrated circuit

® Bipolar or BiICMOS technology
® Trend BIiCMOS because:
Bipolar
— Higher currents
— larger transconductance
— higher gain-bandwidth product
— lower noise (for low source resistance)
— virtually ideal current switches
— tolerances can be kept small
— good Vpe matching
CMOS
— virtually ideal voltage switches
— allows low-power CMOS logic
— very good packing density
Location
® |[nside disk enclosure
® As close as possible to read/write transducers

— Read signals small: 150 - 700 ,qup
— Write signals: require wide-band interconnections

— Usually on the side of the head actuator arm

1ST-96 - 68 - 3/96 (K.B. KLAASSEN)
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MR Front-End Architecture

post
| - - amplifier

-+ DE Blas Voltage

ol

write

protefction, | ' » Write Unsafe
sa
circﬁ?tys * Thermal Asperity
— | .
l + Head Resistance
— | Readback
Condmomng * Signal Out
——= Set MR Bias
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Range Resistor
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MR Front-Ends

Various Design Considerations

A - MR Head Signal Amplitude

Magnetic transitions in disk cause a magnetic flux impinging on
the MR sensor which produces a ARys Which increases

1 - Linearly with track width (TW)
2 - Inversly proportional with sensor height (h)

3 - (Approximately) linearly with disk M.t
\_,/ /()\/)l ,h{""" ‘(., /w‘z,,,,w/é

¢ t{D"’ R s(- N D C e

S0
Electronically detecting ARur/Rur instead of ARur, therefore,
makes the pre-amplifier output insensitive to variations in @

and @

N.B: Especially the sensor height (defined by lapping) varies
strongly

AR, [ R, Detection

provides inherent or self-AGC, relieving the dynamic range
requirements of the channel AGC.

IIST-96 —70 - 3/96 (K.B. KIAASSEN)
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MR Front-Ends

B - Biasing and Sensing Architectures

— Four Possible Architectures
Different forms of providing electrical bias to the MR sensor
and sensing the read signals lead to four different front-end
electronics architectures

— ARy r/Ryr Detection
Only those architectures where biasing and sensing have the

same physical dimension give ARMR/RMR detection

£, 9~ C‘“/‘/‘L,;,\s' h4 o ;;\ SLnS".rv‘-)‘

— Sensor Temperature/Current Density

o MR sensor output increases with bias

o Bias limited by electromigration/interdiffusion

O Maxima for sensor current density and temperature

o For maximum head output approach these maxima as
closely as possible
Largest head-to-head variation due to sensor height h
Voltage biasing allows sensor current density and
temperature rise independent of h

O \Voltage biasing allows biasing closer to the limits

O O

FAR

- ('; Vold cu e SemsE
U 3 ‘ W>V't5

0

HIST-96 _,_72_ - 3/96 (K.B. KIAASSEN)
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MR Front-End Configurations

Sensing
Biasing Current Voltage
IZin| < Rmr IZinl >Rmr
ARmr
Current (/g) Als = R, ls AVs = ARpls
ARmr ARmr
Voltage (Vs) | 2 = =gz Ve | AVs = Vs
\

\~0J;r(0’f1‘%*4

L\_) 7/{Z..~;—




Biasing

“Constant” = independent of R,

Constant Current (IB)' I Constant Voltage (Vs)
| Sensor Current Density:
1 1
JC_: = /BYE-T- JV = VB_,ET
Sensor Power Dissipation
. 2 2 | 2 1 2 1t
P.=IzR = |50 —— P, =V = Vg ——-
C B"'‘mr /Bp t@ % B Rmr B J
Sensor Temperature Rise:
AT, = Pe % Rihermal ATv = Py X Rinermal
o pl  gK _2th oK
Ale = I > 5 ATy = V= > 2
2 g t
AT, = 1ok —2 I L
2th? Pof (
K.,u? Lt L)W“% ‘
(/[4,-’>3\’J

——71.' - 07/94 (K.B. Klaassen, J.C.L. van Peppen)



Paradox .Illustration

X~
+
VRV
o=
g

Biasing  Sensing Sensitivity Equation

ARmr
Rmr

VB A Vs Vout — VBA

1 Z

]

1»———“»——J§>(’7 in

R
Is
Rmrg
- -

Biasing  Sensing  Sensitivity Equation

ARmr
IB Als Vout - R

IsRA

=75~ 07/94 (K.B. Klaassen, J.C.L. van Peppen)



MR Front-Ends

— Differential Output Configuration

Output signal is differentially coupled to the drive’s circuit
board.

O Zout = Ziransiine for bandwidth
o High Zo,« when not reading

Smaller write-read recovery transients

(AC coupling caps remain charged during sector servoed
writing)

Hardwired multiplex of modules into single port

IIST-96

_ 76 - 3/96 (K.B. KIAASSEN)



MR Front-Ends

(ror =75
U"[}’/v"(/q 'gfé% /

e S

~(
[+

C - Amplifier Configurations

'Vr o

— Differential Input Configuration
Pre-amplifiers with a differential input exhibit high CMRR and
PSRR; are more interference robust.
o MR-to-disk potential must be zero
o Dual power supply needed
(DC-to-DC convertor: 80 % power efficiency, needle
impulse interference, filter components)
O Floating Disk Enclosure (Only AC grounded)
1. Pre-amplifier biases DE at head potential
2. DE is held at fixed DC potential, pre-amplifier biases
heads at this potential.
Needs fail safe: Customer shorting DE to ground
automatically shuts off bias to MR heads
— Single-Ended Input Configuration
One input terminal is (virtually) grounded. No CMRR; lower
PSRR.
o Smaller package, common ground
o Single supply voltage |
o MR head one side grounded
To not cause interference problems the DE must be designed
as a “cage of Faraday”

HIST-96 - 77 — 3/96 (K.B. KIAASSEN)
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MR Front-Ends

D - Basic Design Examples

e Differential/Single Ended
e \oltage/Current Biasing
® \oltage/Current Sensing

e Comments

1IST-96 -79 - 3/96 (K.B. KIAASSEN)
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