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ABSTRACT controlli ng Vine to set the time anstant, as described in the

A thermal asperity detedion and recovery scheme for a
disk-drive read channel is presented. The drcuit design and
simulation results for two key blocks, the AC coupler and
itstuning loop, in a0.5um CMOS processare described.

1. INTRODUCTION

In a modern disk drive, the read hea flies © close to the
media surface that they occasionally come into contad
with ead other. When this happens, a large voltage is
generated at the output of the read head preamp, and thisis
cdled a thermal asperity (TA) [1]. Modern read channels
include aTA detedion and rewmvery circuit as part of the
front end [2], which isshown in Fig. 1.

The read signal from the preamp, Vi,, which is a band-
pass sgnal, is input to the AC coupler (ACC), which is a
high-pass filter. Then the variable gain amplifier (VGA)
amplifies the signal to give the output signal Vg, This
output signal is fed to the back end of the read channel to
extrad the data. Also, V,, is fed into a 1-pole low-pass
filter that has a low bandwidth and outputs the average
value of Vg, which is referred to as the baseline. The
baselineis a constant (zero) under normal operation.

However, when a TA occurs, the baseline experiences
a large shift as shown in Fig. 2. A large baseline shift
makes data detedion difficult and can cause bit errors, as
the large amplitude dhange typicdly causes clipping in the
VGA. The anplitude of the baseline @n be used to deted a
TA event. If the amplitude of the baseline is larger than
some threshold, the comparator output goes high in Fig. 1.
Then a signal from the state machine reduces the AC
coupler time mnstant which reduces the time required for
the baseline to return to zero. When the baseline falls to
within a threshold o zero, the time onstant in the AC
coupler isreturned to its nominal value.

Fig. 3 shows the schematic of the AC coupler. Each
NMOS transistor is biased in the triode region with an on-
resistance R.. Assuming an ided opamp, the circuit has a
zeao at dc, apde & -1/RC;, and a high-frequency gain of
-C/C:. In normal operation, it should have a well
controlled time nstant so it passes the aetire read signal.
We those RC; = 32ns (-3dB frequency = 5SMHZz). A tuning
circuit is used to set the on-resistance of the transistors by

next sedion.

The AC coupler includes two additional transistors in
paralel with each M1 that are not shown in Fig. 3. These
transistors are identicd to M1, and they are normally off
with their gates tied low. If a TA is deteded, the gates of
these transistors are mnneded to Vi, reducing the time
constant by a fador of three to more quickly return the
baseline to zero.

A folded-cascode opamp [3] isused in this AC coupler
to achieve high cain, large bandwidth and large output
swing. With C;,=C;, the opamp must have a unity-gain
bandwidth that is about equal to the data rate. Here, the
target data rate was 800Mbps, so this opamp dsspates a
significant amount of power. To save power, the tuning
circuit does not use areplica(s) of the AC coupler.

2. TIME CONSTANT TUNING CIRCUIT

A tuning circuit sets the on-resistance R; in the AC coupler
so that RC; is constant despite changes in C; due to process
variations. For a NMOS device in the triode region with
Vps << Vgs — V;, the on-resistance R is given by
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so the on-resistance @n be varied by adjusting Vgs. Egn. (1)
also shows the on-resistance R; is about equal to 1/g;, of an
identicd, saturated transistor with the same gate and source
voltages [3]. Therefore, if we can generate gate and source
bias voltages in areference drcuit to give C;/g,, = 32nsand
apply them to M1', then Ry = 1/g,, and RC; = 32ns. The
tuning scheme used here is based on thisidea

The reference tuning loop uses a Gm cdl in feadback
as down in simplified form in Fig. 4 [4]. A constant
current I is pushed into the Gm cdl, producing a voltage
Vo1 = Ir/gnm @ and @, are two non-overlapping clocks with
frequency fy. During @y, the caadtor C; is charged to
Vo1 During @, the charge on C; is transferred to cgpadtor
Cy. Also, a onstant current Nlg is drawn from Cy. The
average value of the opamp output, Vi, is used to tune the
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transconductance of the Gm cell.

When the loopreadies gealy state, the charge injeded
onto Cy by C; during @, equals the charge removed from
Ch by NIg in one dock period. Therefore V,; is periodic
and Vp, is constant. In steady state,

CVo = NIgT C)

where T = 1/f o is the dock period. Substituting V,, =
Ir/gm into (2) and simplifying gves

Cinr= N, (3)

g m f clock

where g, is the transconductance of the Gm cdl. Hence
C./0m depends on the clock frequency fyo, Which is
derived from a aystal oscillator, and N, the ratio of DC
currents that can be acarately defined in a CMOS process

A more detailed block diagram of the tuning loop is
shown in Fig. 5. The dock frequency is 6.25MHz and the
DC current ratio N is 0.2. Using these values in (3), C; / gn
= 32ns. If C; has the same nominal value as C; (=0.6pF) in
the AC coupler, then g, = 18.8uA/V. With I < 5pA in Fig.
5, the nominal differential output voltage of the Gm cdl is
< 0.53V. To have alarge g, tuning range, the Gm cdl
should allow an output swing of >1.0V.

The opamp in the switched-cgpadtor (SC) integrator
inFig. S5isafolded cascode. Its DC gain is about 7508 and
its gain-bandwidth product is about 120MHz; both are
sufficient for this application. The SC low-passfilter (L PF)
in Fig. 5 has a bandwidth of about 800kHz. Because its
bandwidth is not criticd, a passve first-order filter is used
to save power. A differentia-to-single-ended converter
converts the SC LPF output to voltage Vi, that sets the tail
current and g, of the Gm cdl.

3. THEGm CELL

Fig. 6 shows the schematic of the Gm cdl in Fig. 5. It
consists of a differential g, stage, a cmmon-mode
feedbadk (CMFB) circuit, and an output buffer. The g,
stage consists of transistors M1-M7. M1 and M2 are diode-
conneded as in Fig. 5. M3-M6 form current sources
controlled by the CMFB circuit. M7 is the tail current
source with its current set by Vi,. Thus, the g, of M1 and
M2 is controlled by V;,.

M201-M204form the CMFB circuit. Because M1 and
M2 are diode conneded, the cmmon mode (CM) output
voltage can be wntrolled indiredly by controlling the
voltage Vs at node S (the source of M1 and M2). The
CMFB circuit forces the voltage Vs to be the same as the
applied CM referencevoltage V¢ = 1.2V.

M101-M103 generate V,, the average of V.. and
Vou.- M101, M102 and M103 are mpies of M1, M3 and
M5 (or M2, M4 and M6), respedively. M5, M6 and M103
mirror the current in M204. These currents are pushed into
diode-conneded M1, M2 and M101L When the input
current is zero (Ir = 0 in Fig. 5), Vasior = Vea = Veo

becaise Ips = Ipg = Ipipz @and M1 = M2 = M101. In this
case, the average gate-to-source voltage of M1 and M2 is
just Vg1, Which equals Vgsio1. When |g is not zero, Vag iS
incressed by Ir/gn and Vgg is deaessed by the same
amount. Therefore the average of Vgg and Vgg is dill
equal to Vgsip1 and is equa to the DC bias vaue of the
gate-to-sourcevoltage of M1. So

Vour +V Ves1 +Ves»

g = out + 5 out— — VS + (4)
Sincethe CMFB circuit forces Vs = V,«, We have
Voo, tV
Vag =Vs + SL—82 =V, +Vgain ©)

Therefore the gate voltage of M101iS Vyg. Vayg is buffered
by the voltage buffer formed by M301-M307 that outputs
Vine = Vay. Circuitry that is not shown generates bias
voltages Vpias and Veas-

4. USING THE TUNING LOOP TO SET R¢Cs

The purpose of the tuning loopisto set the time cnstant in
the AC coupler in Fig. 3. To do this, C; in Fig. 5isequal to
(a opy of) C; in Fig. 3. Also, the on-resistance R; of M1’ in
Fig. 3 is made gua to 1g, of M1 in Fig. 5. This is
achieved by making M1 a copy of M1 and matching the
gate and source voltages of M1 and M1'. The gate voltage
of M1 is Ve and its source voltage is V,¢. If the gate of
M1’ is conneded to Vi, and the CM output voltage of the
AC coupler is st to V,¢ asindicaed in Fig. 3, then M1 and
M1’ are biased identicdly.

One limitation of this tuning scheme is the limited
tuning range of the gy, value. Another limitation is that this
tuning approach depends on matching between C; and C,
and between M1 and M1'. Also, tuning acaracy islimited
by offsetsin the SC integrator and Gm cdl in Fig. 5.

5. SSMULATION RESULTS

The tuning loopin Fig. 5 and the AC coupler in Fig. 3 were
simulated using SPICE. In the simulations, all switches and
opamps were redized with MOS transistors, and Vpp =
3.3V. The simulations used 0.5um CMOS models, and the
RC; product was found for different C; = C;. Simulation
results are given in column 2 of Table 1 for Ig = 5pA.
Column 2 showsthere is a 2% changein RC; when C,
changes from 1pF to 0.7pF. However, RC; is lessthan the
desired value of 32ns. Posshle explanations are that (1)
does not acarately describe the relationship between Ry
and 1/g, in this sub-micron process and/or parasitic
cgpadtancein paralel with C; due to the MOS switches in
Fig. 5 effedively increases C; so that it is not equal to C:.
For this applicaion, the dightly low value of RC; is
accetable. However, when C,; is less than 0.6pF, the
variation in RC; becomes unacceptably large. This error is
caused by nonlineaity in the Gm cdl. The linea range of
the Gm cdl deaeases as g, deaeases. To show that
reducing nonlineaity reduces this error, the simulations



were repeded with Ig = 1pA. With a smaller input current
to the Gm cell, nonlineaity is less of an issue and less
change in the RC; produwct is expeded for small
cgpadtance. This is verified by the simulation results in
column 3 of Table 1, where the variation in RC; remains
small for a wider range of capadtance As the cgadtance
changes from 0.4pF to 1pF (a 250% variation), RC; only
changes from 31.4ns to 296ns (a thange of 6%). As the
cgpadtance danges from 0.5pF to 0.7pF (a 40% change),
the simulated variation in the RC; product is lessthan 1%.

Tablel
Tuning Simulation Results
* LoopDoes Not Converge

C:=C; | RiCi(ns) |RCi(ng
(pF) for Ig=5pA | Ig=1pA
1.10 * *
1.00 29.60 29.60
0.90 29.88 29.79
0.80 30.08 29.92
0.70 30.24 30.10
0.60 31.62 30.24
0.50 34.90 3040
0.45 54.45 30.56
0.40 * 3140
0.30 * 33.00
0.25 * 42.50

6. CONCLUSION

A TA detedion and recovery scheme for a read channel
has been presented. The AC coupler and its tuning loop
were described in detail. A Gm cdl in the tuning loop is
used here to control the on-resistance of a triode MOS
transistor in the AC coupler. This approach differs from [4],
where aGm cdl in the tuning loop was used to control an
identicd Gm cdl in a filter. A key advantage of the
proposed tuning circuit is that it saves IC area ad power.
Had areplicaof the drcuit in Fig. 3 been used for tuning,
more than twice the power would have been disspated as
the high-bandwidth opamp in Fig. 3 consumes much more
power than al the drcuits in Fig. 5. With Iz = 1pA, the
simulated variation in the filter time mnstant is less than
6% when there is a 250% variation in the cgadtance and
the time-constant variation is 1% for a 40% cgpadtance
variation. While the tuned time nstant is dightly less
than the design target, the time-constant acaracy is
accetablein adisk drive.
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Fig. 5. Detailed Block Diagram of the Tuning Loop. Vpp =3.3V.




