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WIDEBAND READOUT OF MAGNETO-RESISTIVE
HEADS FOR DATA STORAGE

BACKGROUND OF THE INVENTION
1. Field of the Invention
The present invention relates to the field of data storage devices. More
particularly, the present invention relates to a magnetic recording channel front-end

having an increased channel bandwidth without a degraded signal-to-noise ratio (SNR)

performance.

2. Description of the Related Art

The .readback bandwidth of conventional magnetic recording channel
front-end depends on the impedance of the components forming the channel front-end,
i.e., a magnetoresistive (MR) or giant magnetoresistive (GMR) _element,: an
iﬂterconnect and readback electronics (i.e., readback amplifier). Until recently, the
front-end readback bandwidth requirements were sufficiently low that the bandwidth
provided by conventional front-end techniques presented no problems. Nevertheless,
magnetic recording data rates have increased so that the readback b;)d'width provided
"by a conventional channel front-end now limits channel transfer.

One approach for increasing the channel bandwidth is by decreasing the

limitations on the so-called extrinsic bandwidth, that is, the bandwidth limitation that is



)

caused extrinsic to the read electronics (not including the bandwidth limitations of the

- readback amplifier) is to terminate the read interconnect by an impedance that is

substantially equal to the characteristic impedance of the interconnect. This, however,
destroys the signal-to-noise ratio performance of a channel front-end.

Td achieve a better defined interconnect, a microstrip connection
between the head and readback amplifier has been proposed to replace a twisted-pair
wire connection, which provides an ill-defined interconnection. Such a microstrip
cénnection includes two co-planar flat signal conductors formed on a thin sheet of a
non-conductive dielectric carrier material having a ground-plane backing, and becomes
a transmission line at high frequencies. The characteristic impedance Z, of a twisted
pair, as is in wide-spread use in magnetic récording, is 75 - 85 Ohms. The
characteristic impedance Z, of a microstrip interconnect depends on the width of the

conductors, the spacing between the conductors, and the thickness and dielectric

- constant of the carrier material. Practically speaking, the chaficteristic‘impedance Zy

of a microstrip interconnect in the range of 35 - 85 Ohms.

There are four configurations for biasing an MR (GMR) element and for
reading out, or reading back, a signal: (1) a current bias with current-sensing
readback, (2) a voltage bias with current-sensing readback, (3) a voltage bias with
voltage-sensing readback, and (4) a current bias with voltage-sensing readback.

Because the frequency characteristics of a channel front-end are not sensitive to the



particular biasing technique used, only the frequency characteristics of the readback
technique used need be considered. _

Figure 1 shows a schematic diagram of a wnvenﬁonal single-ended
input, current-sensing readback amplifier configuration 100. In Figure 1, an MR
element R that is located in a head 101 is connected to a current-sensing readback
amplifier 102 through an interconnect 103. Interconnect 103 has a characteristic
impedance Z, = R,.

Current-sensing readback amplifier 102 includes an npn input transistor

104 and a load resistor R;. Conductor 103a of interconnect 103 is connected to the

emitter of transistor 104. Conductor 103b of interconnect 103 is connected to circuit

. common, Or ground.. The base of transistor 104 is connected to a bias voltage V,,,,,

and the collector of transistor 104 is connected to a power supply voltage V* through
load resistor R;. The output v, of readback amplifier 102 appears across load resiétor
R,. - :

The input impedance Z,, for a current-sensing type of readback
amplifier, shown in Figure 1, is the differential emitter resistance of input transistor
104 and is given by Z,, = r, = KT/ql, where k is Boltzmann's constant, T is the
absolute temperature, q is the charge of an electron, and I is the emitter current of
transistor 104. Current I provides the bias current for MR element R, which is
typically 5-12 mA. Thus, the input impedance Z,, is typically 2-5 Q at room

temperature,



Figure 2 shows a schematic diagram of a conventional single-ended
input, volfage—sensing readback amplifier configuration 200. In_Figure 2, an MR
element R, that is located in a head 201 is connected to a voltage-sensing readback
amplifier 202 through an interconnect 203. Interconnect 203 has a characteristic
impedance Z, = R,

Voltage-sensing readback amplifier 202 includes an npn input transistor
204, an input coupling capacitor 205, current sources 206 and 207, an npn cascode
transistor 208, and a load resistor R;. Conductor 203a of interconnect 203 is connected
to the base of transistor 204 through coupling capacitor 205. Conductor 203b of
interconnect 203 is connected to circuit common, or ground. Current source 206
supplies bias current I;,, to MR element R,,. Current source 207 supplies current to
the base of transistor 204, The emitter of transistor 204 is connected to circuit
cémmon, or ground. The collector of transistor 204 is connected to the emitter of
" “cascode transistor 208. Cascode transistor 208 is used for eliminating tlie Miller
capacitance at the input of readback amplifier 202. The collector of transistor 208 is
connected to a power supply voltage V* through load resistor R;. The output v, of
readback amplifier 202 appears across load resistor R;.

The input impedance Z,, for a voltage-sensing type of readback amplifier
is given by Z;, = PBr., where B is the current gain of transistor 204, and r, is the emitter

resistance of transistor 204. Input impedance Z,, is typically 500-1000 Q. Input



capacitance 205 is approximately 3 pF and is given by 1/2nfr,, where f, is the
transition frequency of transistor 204, which is typically around 10 GHz.

The differential-input versions of the readback amplifiers of Figures 1
and 2 are not shown, but have input impedances that are respectively twice the values
described above for the single-ended input readback amplifiers. An MR (GMR)
element connected to a readback amplifier through an interconnect that has a

characteristic impedance Z, “sees” an impedance Z, that is given by

2, +jZ,tanyl

0 - 4 (1)
Z,+3Z, tanyl

where ¥ = w/v, v is the transmission line velocity (~ 200 km/s for €, = 2.25) and I is

the length of the interconnect, which is typically 5 cm for a 3.5 inch drive.
For a current-sensing readback amplifier configuration, the input

impedance Z,, = KT/ql; « Z,. For ¥yl « /2, Z, approaches
. . 1
Z;,*Jatanyl ~ re+_7tnzo-\7 . (2)

Thus, when a current-sensing readback amplifier configuration is used, the interconnect

behaves like an inductor Z,U/v that is in series with readout element R . The transfer

characteristic due to the interconnect is then



+r ) Z, 1 (3)

Equation (3) shows that the channel bandwidth of a current-sensing readback amplifier -
configuration is restricted by the interconnect, and is further reduced asZ,orl
increases, or as v decreases.

For a voltage-sensing readback amplifier configuration, Z, = fir, » Z,.

For vyl « ©t/2, Z, approaches

ZOZ.in
Zy+2; 3 ta_nyl

(4)

Thus, when a voltage-sensing readback amplifier configuration is used, the interconnect
behaves like a capacitor 1/vZ, that is in paraliel with readout element R, and the input
—impedance of the readback amplifier. The transfer characteristic due to the
interconnect is thén
Vo _ A N A
v, 1+ tanyl 1 ) (5)
Z

R, 1+jo—R_

mr
0 v ZO -

Equation (5) shows that the channel bandwidth for a voltage-sensing readback amplifier
—configuration is similarly restricted by the interconnect, and is further reduced for large

1, small v and small Z,.



When an interconnect is terminated with the characteristic impedance Z,
of the interconnect at the input to the readback amplifier, there are no bandwidth
constraints because the read element merely sees an impedance _Zo Terﬁﬁmﬁng the
interconnect in its characteristic impedance Z, can be done for a current-sensing
readback amplifier configuration by inserting a resistor R, = Z, - Z,, in series with the
input impedance of the readback amplifier. For a voltage-sensing readback amplifier
configuration, the interconnect can be terminated by placing a resistor having a value ;)f
2.ZJ(Z, - Zy) = ZBrJ(Pr, - Zy) ~ Z, in parallel across the input of the readback
amplifier. This, however, results in an unacceptable decrease in the signal-to-noise
ratio (SNR) performance for the electronics.

For a current-sensing readback amplifier configuration, the SNR

performance decreases from

V.,
SNR = = - (6)
VAKT(z,, +%r) .
to
Vi
SNR = . (7)

‘/4kT(rbb,+’»2re+Rs)

In Equations (6) and (7), v, is the readback signal of the MR (GM_R)-element, and 1, is
the base bulk resistance of the input transistor, which is typically 1 - 5 Q for MR

~readback amplifiers. For typical values of T = 300 K, 1, = 1Q, r, = 5Q and



R, = 70 £, the SNR performance for a current-sensing readback amplifier
configuration degrades by a factor of 4.6 _

For a voltage readback amplifier configuration, the SNR performance

decreases from

Vi

SNR = (8)
J4KT(x,, +¥r,)
to
v _
SNR = A S — .
. z +R 1% RZ}| (9)
4k2‘{(rbb,+‘4re) =]+ "'”}
\ Zy Zq '

For typical values of T = 300K, 5, = 1Q,1, =5Q,Z, =75Qand R = 75 Q,
the SNR performance for a voltage-sensing readback amplifier configuration degrades
by a factor of 2.6.

—F What is needed is a way to decrease the bandwidth limitafions of a

magnetic recording channel front-end that are caused extrinsic to the read electronics

without degrading the SNR performance of the channel front-end.

SUMMARY OF THE INVENTION
The present invention provides a way to decrease the bandwidth
Timitations of a magnetic recording channel front-end that are caused extrinsic to the

read electronics without degrading the SNR performance of the channel front-end.



The advantages of the present invention are provided by a magnetic
recording channel front-end for a magnetic storage system, such as a disk drive, that
includes a magnetoresistive element, an interconnect and a readback amplifier. The
interconnect has a characteristic impedance, and couples the magnetoresistive element
to the readback amplifier. The readback amplifier includes a gain stage and an active
termination. The gain stage has an input with an associated input impedance that is
connected to the interconnect. According to the invention, the active termination is
coupled to the input of the gain stage, such that the input impedance of the readback
amplifier, which is formed by a combination of the impedance associated with the gﬁin
stage and the active termination, is substantially equal to the characteristic impedance
of the interconnect. Additionally, the gain stage generates a first noise signal that has a
first magnitude appearing at an output of the gain stage. The active termination
generates a second noise signal that has a second.magnitudel, that also appwé at the
- output of the gain stage. According to the invention, the second magnitude is
significantly less that the first magnitude, thereby the signal-to-noise ratio performance
of the magnetic recording channel front-end is not adversely affected.
‘When the gain stage is a current-sensing gain stage, the active
termination provides positive feedback from the gain stage to the inpl;; of the gain
stage. When the gain stage is a voltage-sensing gain stage, the active termination

provides negative feedback from the gain stage to the input of the gain stage.
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BRIEF DESCRIPTION OF THE DRAWING

The present invention is illustrated by way of example and not limitation
in the accompanying figures in which like reference numerals indicate similar elements
and in which:

Figure 1 shows a schematic diagram of a conventional single-ended
input, current-sensing ;eadback amplifier configuration;

Figure 2 shows a schematic diagram of a conventional single-ended
input, voltage-sensing readback amplifier configuration;

Figure 3 is a schematic diagram illustrating the present invention for a
current-sensing readback amplifier configuration;

Figure 4 is a schematic diagram illustrating the present invention for a
voltage-sensing readback amplifier configuration;

Figure 5 shows a schematic diagram of an embodiment of a current-
bifised, current-sensing readback amplifier according to the present invention;

Figure 6 shows a schematic diagram of an embodiment of a differential
current-biased, current-sensing readback amplifier according to the present invention;

Figure 7 shows a schematic diagram of an embodiment of a voltage-
biased, current-sensing readback amplifier according to the present--in-\—'ention;

Figure 8 shows a schematic diagram of an embodiment of a differential

-voltage-biased, current-sensing readback amplifier according to the present invention;
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Figure 9 shows a schematic diagram of an embodiment of a current-
biased, voltage-sensing readback amplifier according to the present invention;

Figure 10 shows a schematic diagram of an embodiment of a differential
_current-biased, voltage-sensing readback amplifier according to the preseht invention;

Figure 11 shows a schematic diagram of an embodiment of a voltage-
biased, voltage-sensing readback amplifier accor(iing to the present invention;

Figure 12 shows a schematic diagram of an embodiment of a differential
voltage-biased, voltage-sensing readback amplifier according to the present invention;
and

Figure. 13 is a schematic block diagram showing a disk drive system
having a magnetic recording channel that incorporates a readback amplifier according

to the present invention.

DETAILED DESCRIPTION
The present invention terminates an interconnect of a magnetic recording
channel] front-end with an active termination that is substantially equal to tﬁe
characteristic impedance of the interconnect, thereby providing a higher bandwidth for
the channel front-end. When properly designed, the active termination does not affect
the SNR performance of the channel front-end. |
Figure 3 is a schematic diagram illustrating the present invention for a

current-sensing readback amplifier configuration 300. In Figure 3, an MR element R,
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that is located in a head 301 is connected toa current-sensing readback amplifier 302
. through an interconnect 303, Intefconnect 303 has a characteristic impedance Z, = R,.
Current-sensing readback amplifier 302 includes an npn transistor 304, a
pnp transistor 305 , a feedback resistor R; (= 1+ 0)R;) and a load resistor R,
(= (1+)R,/a). Conductor 303a of interconnect 303 is connected to the emitter of
transistor 304 and to the collector of transistor 305. Conductor 303b of interconnect
303 is connected to a circuit common, or ground. The bases of transistors 304 and 305
are respectively connected to bias voltages Vi, and Vy,,,. Feedback resistor R, is
connected between the collector of transistor 304 and the emitter of transistor 305. The
collector of transistor 304 is also connected to a power supply voltage V* through load
resistor R";. The output v, of readback amplifier 302 appears across load resistor R';.
According to the present invention, the input impedance Z, of readback
amplifier 302 is increased to the level of Z, = R, by positive feedback. Specifically,

" mput impedance Z,, is given by - :

Z,, = rel[l-»—) ’ (10)

where r,; is the emitter differential resistance of transistor 304. By.choosing
o = 1,/(Z, - 1.;), interconnect 303 is substantially characteristically terminated, thereby
substantially eliminating the high-frequency roll-off associated with interconnect 303.

“When o = R,,/(Z, - 1), interconnect 303 becomes characteristically terminated and the
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high-frequency roll-off associated with interconnect 303 is eliminated altogether. - The

gain A, or transfer characteristic, of the channel is given bjr

A:_V_o.z RL
vy

[ &
rel+Rmr 1"'(1

(11)

When o « 1, the gain A approaches Ry/r;. The signal-to-noise ratio is given by

Y

B
akDyr,, +ur. +r,,.| ——2 R (2)
\ bb'l el T bb'2 R’L(l +o) RL(]' +a)

The first two terms within the brackets in the denominator of Eq. (12) are the

contributions to noise generated by transistor 304 . The third term is the contribution
to noise generated by transistor 305, and the last term is the contribution to noise
generated by feedback resistor R; = (1 + &)R,. The last two terms of Eq. (12) are
significantly smaller than the first two and, as a result, the signal-to-noise ratio

becomes

vV,
SNR = = ‘ (13)
‘/4kT(rbb,+’4rel)

which is exactly the same expression as the SNR for a conventional current readback
amplifier, as given by Eq. (6). Thus, electronically increasing the input impedance of
the readback amplifier to match the characteristic impedance of interconnect 303 does

not change the SNR performance of the channel. This is in contrast to passively
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terminating interconnect 303 in characteristic impedance Z, by inserting a series
resistor R, = R, - r,; between intérconnect 303 and the input to readback amplifier 302.

In order to obtain a wider interconnect bandwidth, the input impedance
Z., is not required to be increased to be exactly Z, = R,. A lower value of input
impédance provides a sufficiently wide extrinsic interconnect bandwidth so that the
total bandwidth of the channel front-end will be determined predominately by the
bandwidth of the electronics.

Figure 4 is a schematic diagram illustrating the present invention for a
voltage-sensing readback amplifier configuration 400. In Figure 4, an MR element R,
that is located in a head 401 is connected to a voltage-sensing readback amplifier 402
through an interconnect 403. Interconnect 403 has a characteristic impedance Z, = R,.

Voltage-sensing readback amplifier 402 includes an npn transistor 404, a

current source 405, an input coupling capacitor 406, a feedback resistor R;, an npn

- transistor 407, a current source 408 and a load resistor R;. Conductor 403a of

interconnect 403 is connected to the base of transistor 404 through coupling capacitor
406. Conductor 403b of interconnect 403 is connected to a circuit common, or ground.
Current source 408 is connected to interconnect 403 and provides-a bias current I, for
MR element R,,,. The collector of transistor 404 is connected to the base of transistor
407 and to a power supply voltage V* through load resistor R;. The collector of
transistor 407 is connected to power supply voltage V*. The emitter of transistor 407

is connected to the base of transistor 404 through feedback resistor R;. The emitter of
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transistor 407 is also connected to current source 405, which, in turn, is connected to
circuit oofnnion, or ground. The ;)utput v, of readback ampliﬁe_r 402 appears across
load resistor R;. ’.

The input impedance Z;, of readback amplifier 402 is reduced to the

level of Z;, ~ R, by negative feedback. Specifically,

1

= -1 14
Z;, re1(1+a] (14)

where r,; is the emitter differential resistance of transistor 404. By choosing
o = r,/(Z, - 1y), interconnect 403 is substantially characteristically terminated, thereby
providing a high-frequency roll-off for interconnect 403 at a much higher frequency

than when interconnect 403 is not terminated according to the present invention. When

o = r/(Z, - 1.y), interconnect 403 becomes characteristically terminated, thereby
eliminating the high-frequency roll-off associated with interconnect 403 altogether.

The gain A of readback amplifier 402 (with R,/r,, » 1) is’'given by

A= _‘_rg = RL
v, +r O (15)
re! mr 1+a

When a « 1, gain A approaches R, /r,,. So, when & = r,/(R, - 1,,),

R
R, = ltap RoRy = RA (16)
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The signal-to-noise ratio is given by

v —
SNR = i

oR 2  or? (17)
mr mr
4k1{rw1 +’»§re1+rbb.2[ R (1 +a) ) + R (+al }

The first 6vo terms within the brackets in the denominator of Eq. (17) are the
contributions to noise generated by transistor 404. The third term is the contribution to
noise generated by transistor 407. The last term is contribution to noise generated by
feedback resistor R, = (1 + )R, /c. The last two terms are significantly smaller than

the first two terms and, as a result, the signal-to-noise ratio becomes

V.,
SNR = 2 P (18)
‘/4kT(rbb,1 +hr_)

which is exactly the same expression as the SNR for a prior-art voltage readback
amplifier as given By Eq. (8). ) )

Electronically decreasing the input impedance Z,, of a voltage-sensing
readback amplifier to match the characteristic impedance of interconnect .403 according
to the present invention does not change the SNR performance. Thii is in contrast to

.. passively terminating interconnect 403 in characteristic impedance Z, by inserting a
parallel resistor R, ~ R, across the input of readback amplifier 402. As with the
current-sensing readback amplifier configuration of the present invention (Figure 3), in

order to obtain a wider interconnect bandwidth, the input impedance Z_, of the voltage-
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sensing readback amplifier is not required to be reduced to Z, = Z,. A value of input
impedancé for the voltage-sensing .mdback amplifier that is greater than the

- chMﬁsﬁé impedance Z, provides a sufficiently wide extrinsic interconnect
bandwidth that the total bandwidth is determined predominately by the bandwidth of
the electronics.

Figure 5§ shows a schematic diagram of an embodiment 500 of a current-
biased, current-sensing readback amplifier according to the present invention. In
Figure 5, an MR element R, that is located in a head 501 is connected to a current-
sensing readback amplifier 502 through an interconnect 503. Interconnect 503 has a
characteristic impedance Z, = R,,.

Current-sensing readback amplifier 502 includes an npn input transistor
504, pnp transistors 505 and 505, feedback resistors R, and R’,, an operational
transconductance amplifier (OTA) 506, a resistor R,, a current sourct; 507, a voltage
reference source 508, a current source 509 and a capacitor 510. Conductor 503a of
interconnect 503 is connected to the emitter of transistor 504. Conductor 503b of
interconnect 503 is connected to a circuit common, or ground. The emitter of
transistor 504 is connected to the collector of transistor 505. The -emitter of transistor
505 is connected to the collector of transistor 504 through feedback resistor R,. The
collector of transistor 504 is connected to a power supply voltage V* through current

'source 507, which supplies a current ..
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Current source 509 is connected to the collector of transistor 505°. The
bases of &ansistom 505 and 505° are connected together and to the collector of
transistor 505‘. The emitter of transistor 505’ is connected to power supply voltage V*
through resistor R’, and- voltage reference V... Current source 509 sinks current I,
from the collector of transistor 505

The inverting input of OTA 506 is connected to the collector of
transistor 504. The non-inverting input of OTA 506 is connected to the junction of
voltage reference V,, and resistor R’,. Resistor R, is connected between the two inputs
of OTA 506. The output of OTA 506 is connected to the base of transistor 504. The
output v, of readback amplifier 502 appears across resistor R;.

The operation of current-sensing readback amplifier 502 is as follows:
The current through MR element R, is equal to L;,,, the current output from current
source 507. By choosing R, = R’, and transistor 505 equal to transistor 505’, a low-
rrequency feedback path formed by OTA 506 and capacitor 510 controls the current
through transistor 505 to be equal to the current I, of current source 509. The current
through transistor 504 is then I, - I;, resulting in an emitter differential resistance for
input transistor 504 of r,; = KT/q(l,, - I;). Emitter resistance r,, is a constant, and is
determined only by current sources 507 and 509. The low-frequenpy feedback path
also controls the voltage across resistor R, to be 0 Volts. The input impedance Z,, of
readback amplifier 502 is increased to the level of Z,, ~ R, by positive feedback

provided by feedback resistor R, and transistor 505.
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According to Bq. (10), o should be chosen to be ¢ ~ r,/(R, - 1,,), where
a is the résistor ratio R,/R, (Figu.re 3). Under such conditions, the input impedance Z,
of readback amplifier 502 is substantially equal to the characteristic impedance Z, of
interconnect 503.

Figure 6 shows a schematic diagram of an embodiment 600 of a
differential current-biased, current-sensing readback amplifier according to the present
invention. Embodiment 600 is a current-biased, current-sensing readback amplifier
like embodiment 500 of Figure 5, but embodiment 500 is shown in a differential input
configuration. In Figure 6, an MR element R, that is located in a head 601 is
connected to a current-sensing readback amplifier 602 through an interconnect 603.
Interconnect 603 has a characteristic impedance Z; = R,.

Current-sensing readback amplifier 602 includes input npn t_ransistors
604 and 604°, transistors 605 and 605’, feedback resistors R, and R’,, an OTA 606, a
current source 607, reference voltage sources 608 and 615, and an OTA 609.
Conductor 603a of interconnect 603 is connected to the emitter of transistor 604.
Conductor 603b of interconnect 603 is connected to the emitter of transistor 604’. The
collectors of transistors 605 and 605’ are respectively connected to the emitters of
transistors 604 and 604’. The emitters of transistors 605 and 605’ are respectively
connected t;) the collectors of transistors 604 and 604" through resistors R, and R’,.

The collectors of transistors 604 and 604’ are respectively connected to the inverting
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and non-inverting inputs of OTA 606. Resistor 2R, is connected across the inputs of
OTA 606 The output v, of readb'ack amplifier 602 appears across resistor 2R,.

Current sources 616 and 607 respectively supply a current I;,, to the
collectors of transistors 604 and 604" from a power supply voltage V*. The output of
OTA 606 is connected to the base of transistor 604’ and to the base of transistor 604
through capacitor 614. A reference voltage source 615, which generates a reference
voltage V.4, is connected to the base of transistor 604.

The collector of an npn transistor 612 is connected to the emitter of
transistor 604’. The emitter of transistor 612 is connected to a power supply voltage V-
through a resistor Ry. The base of a pnp transistor 605 '’ is connected to the collector
of transistor 605‘‘ and to the bases of ttansistol;s 605 and 605‘. A current source 611 is
connected between the collector of transistor 605‘‘ and power supply voltage V. The
emitter of transistor 605’ is connected to power supply voltage V* through a resistor
R"’, and a reference voltage source 608 that generates reference voltag{; A

The operatioﬁ of readback amplifier 602 is similar to that of readback
amplifier 502, except that for correctly biasing MR element R, and readback amplifier
602, a low-frequency feedback path formed by OTA 609, capacitor 610, and a
controlled current source (transistor 612 and resistor R,) is added for controlling the
voltage on the collectors of transistors 604 and 604’ tobe V* - V.

Figure 7 shows a schematic diagram of an embodiment 700 of a voltage-

biased, current-sensing readback amplifier according to the present invention. In
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Figure 7, an MR element R, that is located on a head 701 is connected to a current-
sensing readback amplifier 702 ﬁough an interconnect 703. Interconnect 703 has a
characteristic impedance Z, = R,

Current-sensing readback amplifier 702 includes an input npn trénsistor
704, a pnp transistor 705, an QTA 706, a current source 708, an OTA 709, a resistor
R, and a feedback resistor R,. Conductor 703a of interconnect 703 is connected to the
emitter of transistor 704. Conductor 703b of interconnect 703 is connected to a circuit
common, or ground. The emitter of transistor 704 is also connected to the collector of
transistor 705. The collector of transistor 704 is connected to the emitter of transistor
705 through feedback resistor R,, and to a power supply voltage V* through current
source 708, which supplies a current I,,,. '

The non-inverting input of OTA 706 is connected to the emitter of input
uansistdr 704. The inverting iﬁput of OTA 706 is connected to a reference voltage
source 714. The output of OTA 706 controls current source 708. A ca:pacitor 707 is
coupled between the output of OTA 706 and power supply voltage V*. A current
source 713 is coupled to power supply voltage V* and supplies a current I, to the
collector of a transistor 704‘. The collector of transistor 704’ is connected to the bases
of transistors 704, 704 and 705.

The non-inverting input of OTA 709 is connected to the collector of
transistor 704. The inverting input of OTA 709 is connected to the emitter of a )

transistor 711 and to a current source 712 that sinks a current I,. Resistor R, is
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connected between the non-inverting and the inverting inputs of OTA 709. The output
of OTA 709 is connected to capacitor 710 and to the base of transistor 711. The
couect;)r of transistor 711 is connected to power supply voltage V*. The output v, of
readback amplifier 702 appears across resistor R;.

The input impedance of readback amplifier 702 is increased to the level
of Z, ~ R, by positive feedback. The current through the MR element R,,, depends on
R,,, that is, the voltage across MR element R, is kept constant and equal to Vy,,. The
current through input transistor 704 is kept constant and equal to I; by a low-frequency
feedback path formed by OTA 706, a capacitor 707 and a controlled current source 708
that provides bias current I,,,. Changes in bias current I,,, caused by different MR
resistances are fully compensated for by a positive feedback path formed by resistor R,
and transistor 705. The input epﬁtter differential resistance of transistor 704 is given
by 1., = kT/ql,. As before, o should be chosen to be o ~ r,/(R, - 1;), where the
resistor ratio R,/R; = & (Figure 3), to make the input impedance Z,, of readback
amplifier 702 substantially equal to the characteristic impedance Z, of interconnect 703.

Figure 8 shows a schematic diagram of an embodiment 800 of a
differential voltage-biased, current-sensing readback amplifier according to the present
invention. Embodiment 800 is similar to embodiment 700 shown in Figure 7, but
embodiment 800 is shown in the configuration of a differential voltage-biased, current-

seénsing readback amplifier. In Figure 8, an MR element R, that is located in a head
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801 is connected to a current-sensing readback amplifier 802 through an interconnect
803. Interconnect 803 has a characteristic impedance Zy = Ro-

Current-sensing readback amplifier 802 includes input transistors 804
and 804, transistors 805 and 805, OTA 806, OTA 809, resistors R, and R, and
feedback resistors R, and R’,. Conductor 803a of interconnect 803 is connected to the
emitter of transistor 804. Conductor 803b of interconnect 803 is connected to the
emitter of transistor 804'. The collectors of transistors 805 and 805 are respectively
connected to the emitters of transistors 804 and 804‘. The emitters of transistors 805
and 805’ are respectively connected to the collectors of transistors 804 and 804°
through resistors R, and R’,. The collectors of transistors 804 and 804' are
respectively connected to the inverting and non-inverting inputs of OTA 809. Resistor
R, is connected between the inverting input of OTA 809 and a power supply voltage
V*. Similarly, resistor R’, is connected between the non;inverting input of OTA 809
and po§ver supply voltage V*. The oﬁtput of OTA 809 is connected to:the base of an
npn transistor 811 and to a power supply voltage V- through a capacitor 810. The
collector of transistor 811 is connected to the emitter of transistor 804‘. The emitter of
transistor 811 is connected to power supply voltage V- through resistor R,.

The non-inverting input of OTA 806 is connected to the emitter of input
transistor 804‘. The it_lverting input of OTA 806 is connected to the emitter of a

 transistor 804'* and to a current source 813 that sinks current I,. The output of OTA
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806 'is connected to the bases of transistors 805 and 805°. A capacitor 807 is coupled
between the output of OTA 806 a;ld po@er supply voltage V*.~

The operation of readback amplifier 802 is similar to that of readback
amplifier 702 (Figure 7, except that for the correct biasing of MR element R, and
readback ampliﬁef 802, a low-frequency feedback paih formed by an OTA 809, a
capacitor 810, and a oontrdlled current source (transistor 811 and resistor R,) is added
for controlling the DC voltage between the collectors of 804 and 804’ to be 0 Volts.
Thus, the currents through each respective half of the input stage are equal.

Figure 9 shows a schematic diagram of an embodiment 900 of a current-
biased, voltage-sensing readback amplifier according to the present invention. In
Figure 9, an MR element R, that is located in a head 901 is connected to a voltage-
sensing readback amplifier 902 through an interconnect 903. Interconnect 903 has a
characteristic impedance Z, = R,.

Voltage-sensing readback amplifier 902 includes an inputs pnp transistor
904, an npn transistor 905, pnp transistors 906 and 906’, an OTA 907, a resistor R,
resistors R, and R',, a feedback resistor R;, and a resistor R,. Conductor 903a of
interconnect 903 is connected to the base of transistor 904. Conductor 903b of
interconnect 903 is connected to a circuit common, or ground. The emitter of
transistor 904 is connected to the emitter of transistor 905, and the collector of
transistor 904 is connected to circuit common, or ground. Current source 910 supplies

bias current I, to MR element R ..
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The collector of transistor 905 is connected to a power supply voltage
V* through resistor R, and to the base of transistor 906. A current source 908 is
connected to the emitter of transistor 906. The collector of transistor 906 is connected
to the inverting input of OTA 907, to the base of transistor 904 through resistor R, and
to circuit common, or émund, through resistor R,. The input impedance Z_ is
decreased to Z,, ~ Z, by negative feedback being applied to the input of readback
amplifier 902 through resistor 913.

A current source 909 is connected fo the emitter of a tfansistor 906°.
Resistor R, is connected between the emitters of transistors 906 and 906°. The base of
transistor 906 is connected to power supply voltage V* through reference voltage
source 911. The collector of transistor 906’ is connected to the non-inverting input of
OTA 907 and to circuit common, or ground, through _resistor R‘,. The output of OTA
907 is connected to the base of transistor 905 and to capacitor 912. The output v, of
réadback amplifier 902 appears between the inverting and non-inverting inputs of OTA
907.

Readback ampliﬁer. 902 operates as follows. The current through MR
element R, is equal to the current of current source I;,,. By choosing R, = R’, and
T; = T, the low-frequency feedback path formed by OTA 907 and capacitor 912

controls the current through transistors 904 and 905 to be equal to V,/R,. The emitter

differential resistance for transistors 904 and 905 is r, = r,; = r, = RKT/qQV .

According to Eq. (14), o should be chosen to be & = 2r/(R, - 2r,). The feedback
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resistor R; should be chosen to be equal to the product of the characteristic impedance
" R,and the gain of the stage without the feedback resistor (Bq. (16)). The gain of
readback amplifier 902 is given by R;R,/2r.R,. So, resistor Ry =« RR;R,/2r R,. The
input imp_edance of the amplifier is now substantially equal to the characteristic
impedance R, ‘of the interconnect.

Figure 10 shows a schematic diagram of an embodiment 1000 of a
differential current-biased, voltage-sensing readback amplifier according to the present
invention. Embodiment 1000 is a current-biased, voltage-sensing amplifier like
embodiment 900 of Figure 9, but embodiment 1000 is shown in a differential input
configuration. In Figure 10, an MR element R,, that is located in a head 1001 is
connected to a voltage-sensing readback amplifier 1002 through an interconnect 1003.
Interconnect has a characteristic impedance Z, = R,,.

Voltage-sensing readback amplifier 1002 includes npn input transistors
1004 and 1004’, transistors 1005 and 1005, resistors R, and R’,, resistors R, and R’,,
and an OTA 101.2. Conductor 1003a of interconnect 1003 is connected to the base of
transistor 1004. Conductor 1003b of interconnect 1003 is connected to the base of
transistor 1004’. The emitters of transistors 1004 and 1004’ are respectively connected
to a power supply voltage V- through current sources 1009 and 1009’. A capacitor C,
is connected between the emitters of transistors 1004 and 1004",

The collectors of transistors 1004 and 1004’ are respectively connected

to the bases of transistors 1005 and 1005 and to a power supply voltage V* through
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resistors R, and R’;. The output v, of readback amplifier 1002 appears between the
collectors .of transistors 1004 and 1004‘. The emitters of transistors 1005 and 1005’ are
respectively connected to the bases of transistors 1004 and 1004‘ through resistors R,
and R’,. The emitters of transistors 1005 and 1005’ are also respectively connected to
power supply voltage V- througﬁ current sources 1008 and 1008°. |

A current source 1006 is connected to the base of transistor 1004 and
supplies bias current I, to MR element R,,. The collector of a transistor 1007 is |
connected to the base of transistor 1004’. The emitter of transistor 1007 is connected
to power supply voltage V- through resistor R;.

The emitters of transistors 1004 and 1004‘ are respectively connected
through resistors R, and R’, to the non-inverting input of OTA 1012. The non- '
inverting input of OTA 1012 is also connected to circuit common, or ground, thrqugh a
resistor R;. The inverting input of OTA 1012 is connected to circuit common, or
ground. The output of OTA 1012 is connected to the base of transistor ;1007. A
capacitor C, is connected between the base of transistor 1007 and power supply voltage
A\

For R, » R, the current through MR element R, is equal to I .
Transistor 1007 and resistor R; form a controlled current source that is controlled by
OTA 1012 so that the center voltage of the MR element is at ground potential.
Negative feedback paths are formed by transistor 1005 and resistor R, and by transistor

1005 and resistor R's. The gain without these feedback paths is Rl/rc,. As a result,
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feedback resistor R, (R’,) should be chosen to be R, ~RoR,/r,,, with r,; = kT/ql;,. In
this simation, the input impedance. of readback axﬁpliﬁer 1002 ié-substanﬁally equal to
the characteristic impedance R, of interconnect 1003.

Figure 11 shows a schematic diagram of an embodiment 1100 of a
voltage-biased, voltage-sensing readback amplifier according to the present invention.
In Figure 11, an MR element R, that is located in a head 1101 is connected to a
voltage-sensing readback amplifier 1102 through an interconnect 1103. Interconnect
1103 has a characteristic impedance Z, = R,. The input impedance of readback
amplifier 1102 is reduced to the level of Z,, ~ R, by negative feedback.

Voltage sensing-readback amplifier 1102 includes a pnp input transistor
1104, a transistor 1105, an OTA 1107, an OTA 1114, a resistor R;, and resistors R,
and R’;. Conductor 1103a of interconnect 1103 is connected to the base of transistor
1104. Conductor 1103b of interconnect 1103 is connected to circuit common, or
gfound. The emitter of transistor 1104 is Qonnected to the emitter of tr;nsistor 1105.
The collector of transistor 1105 is connected to a supply voltage V* through resistor
R,, and to the base of a pnp transistor 1109. The collector of transistor 1109 is
connected to the base.of transistor 1104 through resistor 1115, to circyit commeon, or
ground, through resistor R,, and to the inverting input of OTA 1114.

The emitter of transistor i109 is connecteci to power supply voltage V*
through a current source 1111. Similarly, the emitter of a transistor 1110 is connected

to power supply voltage V* through a current source 1112. A resistor R, is connected
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between the emitter of transistors 1109 and 1110. The base of transistor 1110 is
con'nected. to power supply voltage V* thr-ough a reference vol&ge source 1113. The
collector of transistor 1110 is connected to power supply voltage V" thtOI;lgh resistor R',
and to the non-inverting input of OTA 1114. The output v, of readback amplifier 1002
appears between the inverting and non-inverting inputs of OTA 1114, The output of
OTA 1114 is connected to the base of transistor 1105 and to capacitor C,.

The base of transistor 1104 is connected to the non-inverting input of
OTA 1107 and to the collector of a transistor 1106. The inverting input of OTA 1107
is connected to a reference voltage source 1117 that supplies a voltage V;,,,. The
oufput of OTA 1107 is connected to the base of transistor 1106 and to a capacitor C,.
The emitter of transistor 1106 is connected to power supply voltage V* through a
resistor 1108.

For embodiment 1100, the biasing of the MR element is separate from
| reédback amplifier 1102, and readback amplifier 1102 is the same as re;dback
amplifier 902 of Figure 9, therefore the same expressions hold for readback amplifier
1104 as for readback amplifier 902.

Figure 12 shows a schematic diagram of an embodiment 1200 of a
differential voltage-biased, voltage-sensing readback amplifier according to the present
invention. Embodiment 1200 is a voltage-biased, voltage-sensing amplifier like
embodiment 1100 of Figure 11, but embodiment 1200 is shown in a differential input

configuration. In Figure 12, an MR element R__ that is located in a head 1201 is
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connected to a voltage-sensing readback amplifier 1202 through an interconnect 1203.
Interconnéct 1203 has a charactcri.;stic impedance Z, = R,. The-input impedance of
readback amplifier 1202 is reduced to the level of Z,, ~« R, by negative feedback.

Voltage-sensing readback amplifier 1202 includes npn inpﬁt transistors
1204 and 1204/, transistors 1205 and 1205, resistors R, and R’,, resistors R, and R,
and an OTA 1212. Conductor 1203a of interconnect 1203 is connected to the base of
transistor 1204. Conductor 1203b of interconnect 1203 is connected to the base of
transistor 1204‘. The emitters of transistors 1204 and 1204’ are respectively connected
to a power supply_ voltage V- through current sources 1209 and 1209'. A capacitor C,
is connected between the emitters of transistors 1204 and 1204°,

The collectors of transistors 1204 and 1204‘ are respectively connected
to the bases of transistors 1205 and 1205° and to a power supply voltage V* through
resistors R, and R’;. The output v, of voltage-sensing readback amplifier 1202 appears
" between the collectors of transistors 1204 and 1204, The emitters of transistors 1205
and 1205’ are respectively connected to the bases of transistors 1204 and 1204’ through
resistors R, and R’;. The emitters of transistors 1205 and 1205’ are also respectively
connected to power supply voltage V- through current sources 1208 and 1208’.

-. The emitters of transistors 1204 and 1204’ are respectively connected to
the inverting input and the non-inverting input of an OTA. 1210 through resistors R,
and R';. The inverting input of OTA 1210 is also connected to circuit common, or

ground, through a resistor R,. The non-inverting input of OTA 1210 is connected to
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circuit common, or ground, through a resistor R’, and a reference voltage source 1213,
which supi)ﬁes a reference voltage. Vi, The output of OTA 1210 is connected to the
base of a transistor 1211 and to a capacitor C,. The emitter of transistor 1211 is

connected to power supply voltage V* through a resistor R;. The collector of transistor
| 1211 is connected to the base of transistor 1204.

The emitters of transistors 1204 and 1204’ are respectively connected
through resistors R, and R’; to the non-inverting input of OTA 1212. The non-
inverting input of OTA 1212 is also connected to circuit common, or ground, through a

| resistor Rg. The inverting input of OTA 1212 is connected to circuit common, or
ground. The output of OTA 1212 is connected to the base of transistor 1207. A
capacitor C, is connected between the base of transistor 1207 and power supply voltage
V.
Because the biasing of MR element R, is separate from voltage-sensing
“ readback amplifier 1202, voltage-sensing readback amplifier 1202 is thessame as
voltage-sensing readback amplifier 1002 of Figure 10, and, as a result, the same
expre'ssions hold for voltage-sensing readback amplifier 1202.

Figure 13 is a schematic block diagram showing a magretic storage
system 1300 having a magnetic recording channel that incorporates a readback
amplifier according to the present invention. Preferably, magnetic storage system 1300

is a disk drive system, but can be any magnetic storage system that utilizes a readback

amplifier.
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In Figure 13, disk drive system 1300 includes an MR element R that is
located in 5. head 1301. Head 130i is positioned over a magnetic disk 1304 for.reading
and writing information to disk 1304 in a well-knowri manner. Magnetic disk 1304 is a
magnetic recording medium that is used for storing information in a well-known
manner. Head 1301 is connected to a readback amplifier 1302 through an interconnect
1303. Interconnect 1303 has a characteristic impedance Z, = R,. According to the
present invention, when readback amplifier 1302 is a current-sensing readback
amplifier, the input impedance Z, of readback amplifier 1302 is increased to the level
of Z,, « R, by positive feedback. Likewise, when readback amplifier 1302 is a voltage-
sensing readback amplifier, the input impedance of readback amplifier 1302 is reduced
to the level of Z,, ~ R, by negative feedback.

While the present invention has been described in connection with the
illustrated embodiments, it will be appreciated and understood that modifications may

be made without departing from the true spirit and scope of the inventio;l.
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THE CLAIMS | LT

What is claimed is:
1. A readback amplifier for a magnetic recording channel front-end, the

readback amplifier comprising:

a gain stage having an input that is connectable to an mmm&t having
a characteristic impedance, the gain stage having an associated impedance; and

an active termination coupled to the input of the gain stage,

an input impedance of the readback amplifier being formed by a
combination of the impedance associated with the gain stage and the active termination,
the input impedance of the readback amplifier being substantially equal to the

characteristic impedance of the interconnect.

2. The readback amplifier according to claim 1, wherein the input

1mpedance of the readback amplifier equals the characteristic impedance of the

interconnect.

3. The readback amplifier according to claim 1, wherein the gain stage
includes an output,
wherein the gain stage generates a first noise signal having a first

" magnitude appearing at the output of the gain stage, and
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wherein the active termination generates a second nojse signal having a

second niagnitude appearing at the output of the gain stage, the second magnitude being

ignificantly I .ththﬁ itude. ' i
Ry Bl A e OO O

4, The readback amplifier according to claim 1, wherein the gain stage is a

current-sensing gain stage.

5. The readback amplifier according to claim 4, wherein the active
tenninaﬁon provides positive feedback from the gain stage to the input of the gain

stage.

6. The readback amplifier according to claim 4, wherein the input of the

gain stage is a differential input.

7. The readback amplifier according to claim 4, wherein the input of the
gain stage is coupled to an emitter of a transistor.
8. The readback amplifier according to claim 1, wherein the 'gain stage is a

voltage-sensing gain stage.
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9. The readback amplifier according to claim 8, wherein the active

termination provides negative feedback from the gain stage to the input of the gain

stge. | N R
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10.  The readback amplifier according to claim 8, wherein the input of the

gain stage is a differential input.

11.  The readback amplifier according to claim 8, wherein the input of the

gain stage is coupled to a base of an input transistor.

12,  The readback amplifier accbrding to claim 1, further comprising the
interconnect having the characteristic impedance, the interconnect being coupled to the

input of the gain stage.

13.  The readback amplifier according to claim 12, further comprising a

magnetoresistive element coupled to the gain stage through the interconnect.

14. A magnetic recording channel front-end, comprising:
a magnetoresistive element;
an interconnect coupled to the magnetoresistive element, the interconnect

having a characteristic impedance; and
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a gain stage having an input connected to the interconnect, the

. a readback amplifier including,

gain stage having an associated impedance; and
an active termination coupled to the input of thé gain stage,
an input impedance of the readback amplifier being formed by a
combination of the impedance associated with the gain stage and the active termination,
the input impedance of the readback amplifier being substantially equal to the

characteristic impedance of the interconnect.

15.  The magnetic recording éhannei front-end according to claim 14,
wherein the input inipedance of the readback amplifier equals the characteristic
impedance of the interconnect.

16. The magnetic recording channel front-end according to <:1aim 14,
wherein the gain stagé includes an output,

wherein the gain stage generates a first noise signal having a first
magnifude appearing at the output of the gain stage, and -
wherein the active termination generates a second noise signal having a

second magnitude appearing at the output of the gain stage, the second magnitude being

significantly less that the first magnitude.
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17.  The magnetic recording channel front-end according to claim 14,

wherein the gain stage is a current-sensing gain stagé. ”!I'IIJ I"IILI I""" "I,sl " I!Il

18.  The magnetic recording channel front-end according to claim 17,
wherein the active termination prdvides positive feedback from the gain stage to the

input of the gain stage.

19.  The magnetic recording channel front-end according to ¢laim 17,

wherein the input of the gain stage is a differential input.

20. The magnetic recording channel front-end according to claim 17,

wherein the input of the gain stage is coupled to an emitter of a transistor.

21.  The magnetic recording channel front-end according to claim 14,

wherein the gain stage is a voltage-sensing gain stagé.

22.  The magnetic recording channel front-end according to-claim 21,
wherein the active termination provides negative feedback from the gain stage to the

inpuf of the gain stage.
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23.  The magnetic recording channel front-end according to claim 21,

i gt o e gl s it NI

24.  The magnetic recording channel front-end according to claim 21,

wherein the input of the gain stage is coupled to a base of an input transistor.

25. A magnetic storage system, comprising:
a magnetic recording medium; and
a magnetic recording channel front-end outputting a signal corresponding
to information stored on the magnetic recording medium, the magnetic recording
channel front-end including
a magnetoresistive element;
an interconnect coupled to the magnetoresistive element, the
ilite;connect having a characteristic impedance; and s
a readback amplifier including,
a gain stage having an input connected to the interconnect,
the gain stage having an associated impedance; and -
an active termination coupled to the input of the lgain
stage,
an input impedance of the readback amplifier being formed by a

~ combination of the impedance associated with the gain stage and the active termination,
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the input impedance of the readback amplifier being substantially equal to the

RIS Mmpinge o o e | O
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26.  The magnetic storage system according to claim 25, wherein the input

impedance of the readback amplifier equals the characteristic impedance of the

interconnect.

27.  The magnetic storage system according to claim 25, wherein the gain
stage includes an output,
wherein the gain stage generates a first noise sighal having a first
magnitude appearing at the output of the gain stage, and
wherein the active termination generates a second noise signal having a

second magnitude appearing at the output of the gain stage, the second magnitude being

significantly less that the first magnitude.

28.  The magnetic storage system according to claim 25, wherein the gain

stage is a current-sensing gain stage. -

29.  The magnetic storage system according to claim 28, wherein the active

termination provides positive feedback from the gain stage to the input of the gain

stage.
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30.  The magnetic storage system according to claim 28, wherein the input of

the gain stage is a differential input. |
o gain stage is a ifferential inp | R R

31.  The magnetic storage system according to claim 28, wherein the input of

the gain stage is coupled to an emitter of a transistor.

32.  The magnetic storage system a'ccording to claim 25, wherein the gain

stage is a voltage-sensing gain stage.

33.  The magnetic storage system according to claim 32, wherein the active
termination provides negative feedback from the gain stage to the input of the gain

stage.

34.  The magnetic storage system according to claim 32, wherein the input of
the gain stage is a differential input.
35.  The magnetic storage system according to claim 32, wherein the input of

the gain stage is coupled to a base of an input transistor.
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36.  The magnefic storage system according to claim 25, wherein the

magnetic storage system is a disk drive system,

* c L M S *



