2 EXAR

XR-3470A/3470B

Floppy Disk Read Amplifier

GENERAL DESCRIPTION

The XR-3470A/3470B is read amplifier system designed
primarily for use in a floppy disk drive system. It is de-
signed to perform the complete readback function, by
accepting the readback signal from a magnetic head
and converting it into digital output pulses. To perform
this function, the circuit contains a high-frequency am-
plifier, an active differentiator, a zero-crossing detector,
and a time domain filter.

The XR-3470A/3470B is suited for systems with data
transfer rates up to 3 megabaud. High input sensitivity
allows operation with signal levels as low as 1.4 mV pp,
which gives it the flexibility to be used for single or dou-
ble density floppy disk systems.

The XR-3470A/3470B offers improvements (over the
standard 3470) of lower peak shift and power part-to-
part input amplifier gain variations.

The XR-3470A/3470B, available in an 18 Pin DIP, is
powered by +5 and + 12 volt power supplies.

FEATURES
Complete Floppy Disk Read Amplifier

Low Input Voltage detection 1.4 mV pp
Low Peak Shift 3470A 2% Max
3470B 4% Max

Low Amplifier Gain Variation 100 VIV Min
130 VIV Max

High Amplifier Frequency Response 10 MHz, Min.

APPLICATIONS

Single/Double Density Floppy Disk Read Amplifier
Magnetic Read Amplifier

ABSOLUTE MAXIMUM RATINGS

Power Supply Voltage (Pin 11) 7Vdc
Power Supply Voltage (Pin 18) 16 Vdc
Input Voltage (Pins 1 and 2) —-2Vto +7 Vdc
Qutput Voltage (Pin 10) —2Vto +7 Vdc

0°C to +70°C
—65°C to +150°C
150°C

Operating Ambient Temperature
Storage Temperature
Operating Junction Temperature
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FUNCTIONAL BLOCK DIAGRAM
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Part Number Package Operating Tempsrature
XR-3470ACN Ceramic 0°C to +70°C
XR-3470ACP Plastic 0°C to +70°C
XR-3470BCN Ceramic 0°C to +70°C
XR-3470BCP Plastic 0°Cto +70°C

SYSTEM DESCRIPTION

The XR-3470A/3470B contains four internal signal
blocks. Their functions are as foliows: Input Amplifier —
This section receives an input directly from the mag-
netic head. It provides a nominal gain of 110 V/V, with
gain select pins to reduce gain or tailor it for ac re-
sponse. The amplifier has differential inputs and out-
puts. Active Differentiator — This circuit differentiates the
signal from the amplifier which causes a zero-crossing
for each peak of the readback signal. The time constant
and response of this section is externally set. Zero-
Crossing Detector — This function is performed by a volt-
age comparator. It produces complementary outputs
for the internal digital section. Digital Section — This sec-
tion consists of 2 one-shots and other control circuitry.
The one-shots are used to prevent false outputs, and
set the output pulse width.




XR-3470A/3470B

ELECTRICAL CHARACTERISTICS
Test Conditions: Tp = 0°C to 70°C; Voot = 4.75V to 5.25V; Voo = 10V to 14V; unless otherwise specified.

SYMBOL ' PARAMETERS MIN TYP MAX UNIT CONDITIONS
GAIN AMPLIFIER SECTION
AvD Differential Voltage Gain 100 110 130 VN f = 200 kHz, V|p = 5 mV (RMS)
B Input Bias Current — -10 -25 kA
Vicm Input Common Mode Range -041 - 1.5 \ 5% max THD
Linear Operation
Vip Differential Input Voltage Linear — —_ 25 mV pp 5% max THD
Operation
Vob Output Voltage Swing Differential 3.0 4.0 — Vpp
lo Output Source Current, Toggled — 8.0 — mA
los Output Sink Current 2.8 4 — mA Pins 16 and 17
R Small Signal Input Resistance 100 250 — kQ Ta = 25°C
Ro Small Signal Output Resistance — 15 —_ Q Ta = 25°C, Vooq = 5V
Single-Ended Veee = 12V
BW Bandwidth, —3 dB 10.0 — — MHz Ta = 25°C, Veoq = 5V
Vip = 2mV (RMS), Vo2 = 12V
CMRR Common Mode Rejection Ratio 50 —_ — dB TA = 25°C, f = 100 kHz

Ayp = 40dB, Voot = 5V
VIN = 200 mV pp, Vco2 = 12V

PSSR1 Vece1 Supply Rejection Ratio 50 — — dB Ta = 25°C, Ayp = 40dB

4.75 < Vggoq < 5.25, Voo = 12V
PSSR2 Vo2 Supply Rejection Ratio 60 — — dB TA = 25°C, Ayp = 40 dB

10 < Vggo < 14V, Vgt = 5V
Vpbo Differential Qutput Offset — — 0.4 v TA =25°C,Vp = V|N = OV
Vco Common Mode Output Offset — 3.0 — \ Vip = VIN = OV

Differential and Common Mode

en Differential Noise Voltage —_ 15 — uVv BW = 10 Hz to 1.0 MHz
Referred to Input (RMS) Ta = 25°C
ACTIVE DIFFERENTIATOR SECTION
lop Differentiator Output Sink Current 1.0 14 — mA Pins 12 and 13, Vop = Vco1
PS Peak Shift 3470A - — 20 % f = 250 kHz, Vjp = 1V pp
3470B — — 4.0 % IcAap = 500 pA
Veet = 5V, Vege = 12V
See Figure 2
Rip Ditferentiator Input Resistance — 30 — kQ Ta = 25°C
Ditferential
Rop Ditferentiator Output Resistance — 40 — Q Ta = 25°C
Differential
DIGITAL SECTION
VOH Qutput Voltage High Logic Level 27 — —_ v Pin 10, Voo = 4.75V
I0H = -0.4 mA, Vgop = 12V
VoL Qutput Voltage Low Logic Level — - 0.5 v Pin 10, Vog1 = 4.75V
loL = 8.0mA, Voo = 12V
TLH Output Rise Time - —_ 20 ns Pin 10
THL Output Fall Time — — 25 ns Pin 10
t1AB Timing Range Mono #1 500 4000 ns tatiB
Etq Timing Accuracy Mono #1 85 — 115 % Ry = 6.4 k0, Cq = 200 pF (Note 1)
to Timing Range Mono #2 150 —_ 1000 ns
Etp Timing Accuracy Mono #2 85 — 115 % Ro = 1.6 k2, Co = 200 pF (Note 2)
lcct Vo1, Power Supply Current — 25 40 mA
Icc2 Vce2, Power Supply Current — 3 10 mA
1. Accuracy guaranteed for Ry and C4 in range 2. Accuracy guaranteed for Ry and Cp in range
1.5kQ < Ry < 10k 1.5kQ < Ry < 10 k2
150 pF < C1 < 680 pF 100 pF < Co < 800 pF
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Figure 3. Active Differentiator and Zero Crossing Detector
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Figure 4. Generalized Circuit Connection for Floppy Disk Read System
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Figure 5. Input Amplifier

Figure 6. Digital Section
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R/W HEAD COUPLING

When switching from the write channel to the read
channel, one must be careful not to present a differen-
tial voltage to the inputs of the amplifier, for this will
result in an amplified swing at the output of the amplifi-
er, which will cause peak shifting at the digital output. A
balanced diode network or FET switches, as shown in
Figure 4, may be used to overcome this problem.
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Figure 7a-f. Waveforms Through the XR-3470A/3470B

AMPLIFIER STAGE

The amplifier stage will typically ampiify the read back
signal by a factor of 110. In order to eliminate any offset
between the amplifier stages, a capacitor, C4, should
be inserted between Pins 3 and 4. If the input signal to
the amplifier is to be above 25 mV, clamping of the am-
plifier may occur. To reduce the gain, a resistor Ry may
be inserted in series with C between Pins 3 and 4. The
graph in Figure 8 shows a plot of normalized gain vs Ry.

It should be noted that capacitor C1 with Ry and the re-
sistance looking into Pins 3 and 4, will create a pole at
approximately
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Figure 8. Normalized Gain vs Ry for Amplifier Stage
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so C4 should not be made too low. C1 = 0.1 uF is nomi-
nal for most floppy disk applications.

FILTER NETWORK

The filter network, between the XR-3470A/3470B ampli-
fier stage and differentiator stage, is subject to several
system and circuit considerations.

The filter network, first and foremost, must be designed
to pass all frequencies up to 1/2 the maximum baud
rate, with a constant gain and phase shift. This frequen-
cy can be stated as fjgx, where

fmax = 1/2 (Baud fate)max

In order to avoid saturation of the amplifier current
sources, the current into the filter must not exceed
2.8 mA. In order to meet this condition the impedance
of the filter must be governed by the following con-
straint

(AvD Ep)max
Zmin > — _'max
min 2.8 mMA

where  Ayp is the gain of the amplifier
Ep is the maximum peak voltage of the

input signal

The differentiator inputs are dc biased internally. This !

implies that the dc leve!l from the amplifier stage must
be blocked in order not to disturb these levels. There-
fore blocking capacitors, Cpq and Cpp, should be
placed before the differentiator inputs. In order to keep
the transient response to a minimum it is best to place
the dc blocking capacitors before the filter network.

ACTIVE DIFFERENTIATOR

The amplified filtered read back signal is fed into the ac-
tive differentiator. Here, the peaks of the read back sig-
nal are transformed into zero crossings as shown by
Figures 7a and 7b.

In order to perform the differentiator function a capaci-
tor Cp is needed across Pins 12 and 13. The selection
of Cp for accurate zero crossing is optimized by maxi-
mizing current slew rate through Cp, which occurs
when

1 mA
(AvD Epw)max AF

Ayp is the gain of the amplifier

Ep is the maximum expected input voitage
w is the maximum operating frequency in
radians/sec of the system

AF is the gain of the filter network

Where

If Cp is greater than the maximum value calculated
above, peak shifting will occur.
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As can be seen from Figure 9; the capacitor Cp and the
effective output resistance, Rg of transistors Q1 and
Q2 produce a pole given by

_ 1
“P 2RoCp

where R is typically 409.
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Figure 9. Simplified Active Differentiator Section

In order to obtain a phase shift approaching 90° for per-
fect differentiation wp would have to approach  since

6 = tan—1 (wplwg)
wo = operating frequency

It must be considered, however, that making wp as high
as possible also produces a noise bandwidth as high as
possible.

In order to come to a reasonable compromise
should be selected to be ten times the maximum ex-
pected operating frequency.

(a)p =10 wmax

where wmax is the maximum operating frequency of
the system in radians/sec.

Doing this produces a phase shift of approximately 84°,
while limiting the noise bandwidth. The design criteria
is now given by

.
[0} = e—
MaX = 20RoCh

It may be that Rp is too low, creating a pole at a higher
frequency than 10 wmgay. If this is so one can insert a
resistor Rp in series with Cp, giving the equation

]
w, =
max = 20RCp

where R = Rg + 0.5Rp
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Figure 10. Differentiator Response for Cp and R

In order to reduce the noise bandwidth further a second
pole can be introduced at 10 wmax by placing an induc-
tor in series with Cp and Rp, where Lp Is given by

1

lp= ——5—
100(wmax)? CD

The damping ratio, 8, should be between .3 and 1 where

_ (Ro + 0.5Rp) Cp

8
2vLpCp
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Figure 11. Differentiator Response with Rp, Cp, and L

PEAK SHIFT CONSIDERATIONS

The arrangement shown in Figure 12 will eliminate the
current imbalance in the differentiator, and offset in the
comparator, thus minimizing the peak shift at the digital
output. The potentiometer is adjusted with a minimum
sinusoidal Epw at the input, for symmetrical digital
waveform at the digital output, Pin 10.



ZERO CROSSING DETECTOR

The differentiated output signals from the active differ-
entiator are run into a comparator. Since the outputs of
the active differentiator are 180° out of phase, the com-
parator will produce an output pulse whenever the dif-
ferentiated signal crosses zero. This is shown in Fig-
ures 7b and 7c.

MONOSTABLE #1 (0S1)

This one shot is used to prevent false digital outputs
due to noise at zero crossings as shown at time tp, in
Figure 7a. The adjustment of the one shot is done via
external components R4 and C1 where

15K <Ry < 10K
0.150 pF < Cq < 680 pF
and t = R1Cq (0.625) + 0.2 psec

The value of t is determined by the maximum period of
expected distortion, AT, and the maximum operating
frequency

where AT<t<—1——A—T

The one shot is triggered on the rising and falling edge
of the comparator output as can be seen in Figures 7¢
and 7d. The time domain filter will change state on the
rising.edge of OS1's output if and only if the pulse width
of the comparator output is greater than the time of
0S1's pulse, t. This is shown in Figures 7c, 7d, and 7e.

4-27

XR-3470A/3470B

MONOSTABLE #2 (0S2)

This one shot is used to adjust the pulse width of the
digital output pulses at Pin 10. The adjustment of this
one shot is done via external components R2 and C2
where

15K < R2 < 10K
150 pF < C2 < 680 pF

The pulse width of the output pulse is given by
to = RoCo (0.625)

This one shot is triggered on the rising and falling edges
of the time domain filter output, as shown on Figures 7e
and 7f, giving the corresponding digital pulses for the
peaks of the read back signal, shifted by OS1’s time, t,
as can be seen from Figures 7a, 7d, and 7f.

Pin 10 OUTPUT

F ]

pS = u (JPS1 - IPS2
Pst + 1952

Figure 12. Nulling Network to Minimize Peak Shift (PS)




