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PHASE LOCKED LOOP APPLICATIONS

FSK DATA CONVERTER FOR CASSETTE RECORDER

A circuit scheme which allows an ordinary reel or cassette
tape recorder to be used as a digital data recorder was
submitted by Daniel Chin of Burlington, Massachusetts.

“The circuit design allows any single-track audio tape
recorder with frequency response to 7kHz to be used as a
digital recorder for many non-critical applications. This
application provides a complete data recording system
using two recorded frequencies on a single track. The
two frequencies are obtained from two synchronized
NE565s. Detection of the recorded frequencies requires a
third NE565. A fourth circuit is used to generate and
synchronize the system clock. The advantages obtained by
using these techniques are elimination of the need for:

1. A timing channel to strobe off the data, or
2. A third frequency for null, while using the
other two frequencies for 1 and 0.

This implementation, therefore, is one of the simplest ways
to get a digital recording system on an audio recorder. It is
shown in block diagram form in Figure 8—75.

The parameters chosen for the circuit design allow a digital
recording bit rate of 800Hz or 100 8-bit characters per
second. Though 100 characters per second is less than the
300-character-per-second speed of a high-speed paper tape
reader, the low cost of this circuitry combined with the
audio tape recorder should make this system very attractive
from a cost performance viewpoint. This is especially true
when compared with the normal Teletype speed of 10
characters per second.

BLOCK DIAGRAM OF
PLL CASSETTE RECORDER

[ DATA OUT
DETECTOR s7o ’
PLAY
8ACK
900 Me
TAPE cLock
RECORDER GENERATOR cLock

RECORD
FSK
DATA N

GENERATOR

] ] ‘!‘—DA'A
""“’"’«' 1

The circuits will also work with the readily available low
cost cassette recorders now available, which make compact
as well as low cost information storage. A FSK system of
recording is used, which allows the voice recording and
reproduction electronics of the recorder to be unmodified
for use in recording digital information. The retained
electronics may also be used to record voice message
identification of the various sections of the tape.

The intended use of this circuit is to convert an audio
recorder for minicomputer programs written for engi-
neering design applications. Such an application requires
good information storage and retrieval over a wide range of
storage time. Redundancy may be incorporated by using a
two-channel recorder (stereo) and a FSK detector per
channel. The outputs of the two detectors could then be
ORed digitally to recovered recorded 1s and, thus, give
a safeguard against dropouts.

Circuit Description

Four NE565s are used in three circuits to achieve the
design. These are:

The FSK detector (Figure 8—76a) is used to detect 6.4kHz
for a 1 and 4.8kHz for a 0. The data output is taken from a
5711 connected to pins 7 and 6 of the NE565. The
recording method used is RZ FSK, which means that a zero
is recorded as 4.8kHz for the entire bit period and onc is
recorded as 6.4kHz for about 60 percent of the period and
4 8kHz for the remaining 40 percent of the period. This
60 percent bit duty cycle insures that the clock will
synchronize with a negative transition during the time that
a 1 should be detected.

——

CASSETTE RECORDER FSK DETECTOR,
CLOCK GENERATOR AND FSK GENERATOR
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PHASE LOCKED LOOP APPLICATIONS

The clock generator {Figure 8—76b) is used to derive the
800Hz with no input. When the data pulses are extracted
from the recorded data, the clock is synchronized to the
data. The design allows up to 7 zeros in succession without
causing the clock to go out of synchronization. This
condition is easily met if odd parity is used to record the
8-bit characters. {One of the 8 bitsis a parity bit and, thus,
one bit out of 8 is aiways a one.)

The FSK generator (Figure 8—76c) provides the FSK signal
for recording on tape. It consists of 2 oscillators locked to
the basic 800Hz system clock but oscillating at 6.4kHz and
4 8kHz. The incoming data to be recorded selects either
oscillator as the frequency to be recorded. Harmonic
suppression of the square wave output is taken care of
automatically by the high frequency roll off characteristic
of the tape recorder.”

CLOCK GENERATOR

.-
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8001z <
WITH NO INPUT
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filter is formed by connecting a capacitor or an RC network
from pin 2 to ground, as shown in Figure 16. The resulting
filter transfer functions are also shown in the figure where R}
¢ = 6 k§2) is the internal impedance at pin 2. In this applica-
tion, pin 3 is ac grounded through a bypass capacitor, CB, to
insure proper ac bypass (Cg' 2> 10 Cp).

In high frequency applications (fn > 100 kHz) for FM demod-
ulation, tone detection and frequency synthesis, it is recom-
mended that pin 3 not be bypassed but connected to ground
through a low-pass filter identical to that used at pin 2 (See
Figures 22 and 23).

P. 2K
01pF b3 DEMODULATED
o—} 3 4 X OUTPUT
FSK L P.
INPUT 4K
3 o]
o= 014F -—(_[
014 3

10K 3 12 11 Jio {e
(e}

5008!

KIS FINE TUNE

Figure 17. Circuit Connection For FSK Demodulation (Single
Supply)

]
T uF 34
0K 5K
[ { 6 |3 7 ( L

4 e 3K < R < 7K
i e R | TL

LOGIC

FSK 4K 6 l OuTPUT
INPUT
v {RS232C COMPATIBLE
OouTPUT)
10K !’4 !‘3 l" !VZ
Cp Rg

FINE-TUNE

Figure 18. Split-Supply FSK Demodulation with RS232C
Compatible Output

APPLICATIONS INFORMATION
FSK DEMODULATION

Figures 17 and 18 show a generalized circuit connection for
FSK demodulation. The circuit is connected as a PLL system
by ac coupling the VCO output (pin 15) to pin 6. The FSK
input is applied to pin 4. When the input frequency is shifted,
corresponding to a data bit, the polarity of the dc voltage
across the phase detector outputs (pins 2 and 3) is reversed. The
voltage comparator and the logic driver section convert this dc
level shift to a binary pulse. One of the phase detector outputs
(pin 3) is ac grounded and serves as the bias reference for the
voltage comparator section. Capacitor Cy serves as the PLL



loop filter, and C3 and C3 as post-detection filters. The timing
capacitor, Cq, and the fine-tune adjustments are used to set
the VCO frequency, fo. midway between the “mark’ and
“space” frequencies of the input signal. Typical component
values for 300 baud (103-type) and 1200 baud (202-type)
MODEM applications are listed below:

OPERATING TYPICAL COMPONENT
CONDITIONS VALUES
* 300 Baud
Low Band: f] = 1070 Hz Rg=S5.1k,Co=0.22 uF
f2=1270Hz | C}=Cp=0.047 uF,

C3=0.033 uF, C4 = 3 uF
Rg=8.2k82,Co=0.1 uF
C}=C2=C3=0.033 uF

High Band: f} = 2025 Hz
fy=12225 Hz

1200 Baud Ro=2kQ, Co=0.14 yF
fy=1200Hz | C)]=0.033uF,C3=0.02yF
f7 = 2200 Hz C>=0.01 uF, C4=0.1 pF

Figure 19. ’Demodulated Waveforms for 150 Baud Data Rate,
f1 = 1070 Hz, f2 = 1270 Hz

Top: Pin 2 } 0.5 V/div.
Center: Pin 1
Bottom: Pin 8 5.0V/div.
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Figure 20. Circuit Connection For FSK Generation (<100kH7)
7

Figure 19 shows typical waveforms at different poinfs in the
circuit for a 150 baud data rate with “mark” and ‘‘space” fre-
quencies of 1270 and 1070 Hz respectively. The top waveform
is the phase detector output at pin 2; the middle waveform is
the filtered signal at the comparator input (pin 1), and the bot-
tom waveform is the logic output at pin 8.

RS-232C COMPATIBLE OPERATION (See Figure 18): For
split-supply operation, the logic output section can function as
a line-driver circuit, compatible with RS-232C specifications.
This can be achieved by connecting a 300§2 series resistance to
pin 8, and choosing a pull-up resistor Ry in the range of 3 K2
to 7 KS2.

ENABLE/DISABLE CONTROLS: In FSK demodulation ap-
plications, the operation of the circuit can be “inhibited” by
applying a disable logic signal to either pins 2, 3 or 5. Applica-
tion of a negative inhibit pulse to pin 3 introduces a dc offset
across the comparator inputs and sets the logic output (pin 8)
to a “high” state. If the same pulse is applied to pin 2, then a
“low” state occurs at pin 8. Applying either a 3-volt positive
or negative “inhibit” pulse to pin 5 disables the phase detec-
tor section, and sets the logic output to a “low” state. The
enable/disable controls are particularly useful when using the
XR-210 in a carrier-level detection system. Here the circuit can
be activated only when the input signal exceeds a pre-set
threshold value.

FSK GENERATION

A typical circuit connection for this application is shown in
Figure 20. The coarse setting of the frequency is determined by
the choice of Cg across pins 13 and 14. Normally, Cg is chosen
to give a free running frequency, fo, approximately 5% lower
than the “space” frequency, 1. Then, the “space” and “‘mark”
frequencies f] and t2 are set by the choice of resistors R and
Ry as:

X . 0.1
f1 = fspace =fo \1 +R?TW Hz

. 0.3
f?_:imarszl(l*_) Hz
Rx

where the resistor values are in kS2. “Space” frequency is set
prior to the “mark’ frequency with the selection of Cg and
the fine-tune resistor. R, with pin 10 open circuited. **Mark”
frequency is then determined by the appropriate choice of Rx
from pin 10 to ground.

The VCO output available at pin 15 is a symmetrical square-
wave with a 2.5 V5 output amplitude. The duty cycle asyme-
try of the VCO output is typically less than 2%.
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Figure 21. High Frequency FSK Generation Using VCO
Section Only



