CHAPTER II

CIRCUIT DESIGN

Principle of Design
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Figure 3 : Frequency response of commercial tape recorder
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Figure 4 : Block diagram of data translator
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Another feature should also be provided for application

purposes such as the marker pulse and the TTL interface. Marker pulse
can be injected on the tape to identify particular important portion of
the recorded information. This feature is especially useful for data
alignment and synchronization. TTL interface is also provided to
record or reproduce logical input

signal. Thus, computer data can be

From the bleo€k of ‘k¥~ Bk data input is firstly
The light emitting
diodes LED 2 and L 1 fji ,” ] : cd\réspectively when the
negative or positiw 4 of Alipuk signal, exceed the diode breakdown
syste Simode, the input signal is
then applied to a phas ke 1oop 2). The internal frequency is

designed to be about 7 K signal is zero. Positive and

negative -"&;_"E:%E: ‘m*—“--:f se instantaneous

A9

frequency deviutiujﬂ o atqgr is applied to the tape

recorder via rasist;in mixer. Ther re two outputs provided,

400 MV rms Dﬂ:nug % %q:%www&mrder s line input

and 30 MV rmsqglgnal for the pecorder's Microphone igput. The

sy GG FBEM AR I8 A4 Bl v s

auitable for every commercial recorder.

The mark-pass filter is an active, high Q, 600 Hz band-pass
filter. When depressing the "MARK" switch, it will introduce this

filter into the feedback amplifier and causing it to oscillate at

about 600 Hz. This signal is added by resistive mixer with the

frequency modulation signal, the combined signal will then pass
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to the recorder and at the same time the mark detector will initiate

the "LED MARK" indicator.

When the system is in the "READ" mode, the input signal from
the tape recorder will go through a carrier-pass filter which protects

_ the phase-locked loop from unnecessary noise (especially the 600 Hz

m ! pe recorder varies the
V) 4 de-emphasis filter removes

repEQOUCES the original signal back.

AR

&N

.marﬁer signal). The signal
frequency of the phage
the carrier from the 8%
If the 600Hz marker the cassette tape, the

mark-pass filter wi "LED MARK" indicator.

Coder Circuit

ator is shown in quure 5.

e /P

ﬂ‘NEl’J‘VlH‘VIiWEI']ﬂ?

tion of 11miter and cllp indicator clrcuit is to limit

R P 6

frequency deviation. This circuit does not only ensure that the VCO
remains locked for the entire range of the limited input signal but

also illuminate the LED indicator in order to enable the user to

attenuate the input signal to the usable magnitude range.
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The VCO is part of the PLL which will oscillate at the centre
frequency (fy) when there is no signal or noise at the input. VCO
output will change according to the signal from the limiter and clip

indicator circuit.

1. Voltage Control Oscillator

The HEF 4046B-is e used as a phase-locked loop.

It consists of a lineas.yG ‘oscillator (VEO) and two
different phase co al input amplifier and a

common comparator i

From the gragl A between typical centre

frequency as a functi e centre frequency is

selected at 7,000 Hz = ince“VODEVSS =104V, we found that

T TS 1|

So the ;,-'“'"—"'"""-“"' ¥ If*ﬂ' to 0.13 msec. Ihe
capacitor used in lis cireul , s ”Tnisiuned of only 5%
W

tolerance in order toregsure the osgillator stability. For the value

o v or B WHARBATNENAS
ﬁ’maﬁmmumawmaa

Selected deviation frequency ( f) = 2KHz
so [ max =7+ 2 =9 KHz
and f min =7 -2=5KHz
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2. Limiter and Clip Indicator Circuit

We can use the breakdown voltage of LED to 1imit the signal
input and also to be used as an oversignal input indicator. Connecting
the two LEDs in parallel with reverse polarity can slarve as the limiter

circuit for input signal as shown in Figure 6.

INPUT SIGNAL

T0 VCO INPUT

' i ; ﬁ\\\\L input signal
2°\!

R3 is the potent: Ised to vary the required

signal between 1.5 V. to : sused for high input impedance of

VCO circuit. Th L,___...._.:.._;_._.,.__L.LL;A_ ..... ".rﬁ-_; limiter circuit and

‘Q.
VCO is shown in Figure

J]

TO RESISTIVE
MIXER
1,500 pf

Figure 7

Complete circuit diagram for limiter circuit and VCO
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i
Decoder Circuit

VCOD
I
— PHASE :Z
¢y | Wiecesr COMPARATOR i
—Z | /e
—
The phase co at e ‘ m@ of PLL. The input
signal goes through t aFTinr pass i or band-pass filter
which is designed togfas ] KHz car - frequency for the purpose

of protecting PLL fry

The phase equency with input

frequency. The diffafe \ 0 through the low-pass
filter which has the bdndwidtd of 2 KHz. This demodul ated

signal will pass through -ﬁ” 'L\ ‘ petwork for carrier

rejection. Thus 6;‘ - _"'!""_"""'"‘-“"""_|"5
'
1. Carrier<Pass Filter <

A UHIN BB THHART sersre rre

of the aenundq!urder as shown in Figure 9.

QRAINITUNRINEINE
R Cy R3
Eiﬂ__,{::::::zj }f _ E::j""_" o/P

P

Figure 9 : Active RC band-pass filter of the second order
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From appendix C

H— = H]R:Z -1-i|t--o{2}
R1 + Rp

R1E1 = u Iill'l.l-ilnl{.j']
Do Ao

R.-} EJ {:z = u --11nt-vcf'ﬂ')

----4----{5}

470 pf

3 ‘i-ﬂ xT x 7 x 103

ﬁj'—\x Enfar_" -1-.---11(6}

i

Substitutedts 29

'H ‘I

Eﬁﬂﬂﬁﬂ&ﬂ’]ﬁﬁ”

From q.
mm&mmw;mm d
Wo €q Cy 43982 (470 x 10-12)2
= 290.25 k senasennsslB)
From Eq. 5
R™ = 1 = 1

R3 C1 Caw,2 290.25 x 103 (470 x 10-12)2 (43982)2

"

B.Dﬁ k.rl- -1------1{9}

010507
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Substitute Ry and R’in Eq. 2 yields.

R2 = _R’Rq (8.06)(72.56) x 106
Ry - R” (72.56 - 8.06) x 103
9.06 k. P & 1))

n

From calculation we found that

R1 = 72.56 k.  We choose R1 = 68 k.
Rz = 9.06 k : LRz = 10 ko =
R3 = 290 3 = 270 k.
Then re-che el 1 i  :- 11 =68 knand Ry = 10 kain Eq. 2
yields
R' = k—n—- H II-!'I'I-(11)
From Eq. 5 L
@ o2 = LR

"f":’:’ ,u

-
Ee—
[

370 x 10-12 x 470 x 10-12

|

= lL ? rad :_‘_F ”J -t---.--(12)

- UEIMENINGINT
AT INnaY

= 43856.78 x 270 x 10% x 470 x 10-12 x 470 x 1u—12
(470 + 470) x 10-12

n

2-?’5 il-'!rlnln-"{1a}
From Eq. 3

Ag = 0 = 2.78
Wgo Ry €y 43856.78 x 68 x 103 x 470 x 10-12

1'933 v---n---(TS}
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Thus, from the assumption f,, Q and Ap is deviate -0.28 %,
-7.3 %, and -0.85 % respectively. The complete circuit diagram for the

band-pass filter is shown in Figure 10.

Figure 10 : A,/ 4 or the band-pass filter

The outp i ‘ AG parator of HEF 4046B is
fed through the externs =g Jut In'::-l:'dner: to control the vCo.
The low-pass filter charac '-;.:;:_:3'731, 1 determine the PLL capture
range. Since th - __‘__::J , therefore the

S— )
low-pass filter shau 11 ‘ more than 2 KHz.

Asmngmf = : )
“ﬁumwﬁwmm

QW’IMﬂﬁfMﬂMﬁ’Jﬂﬂ’lﬂﬂ

2 . 2 xT x 2.5 x 10® x 1,500 x 10-12
= aZI'ﬂﬂ k-rL li-!.ii-(‘lﬁ]
Then we choose C = 1,500 pfand R = 39 k L

fo = 1
2x  x 1,500 x 10-12 x 39 x 103

2.720 kHz senaeena(17)

n



= 18
Thus, fo = 2.720 kHz is only +8 % deviate from the assumption.

The complete circuit diagram is shown in Figure 11.

=1 ,EUU Pf'

!\\\\

The signal - - t ut during "READ"

mode will pass througi® tiie flé ,a- ‘\ ~ r carrier rejection.
' This filter must have ‘ § wuld not load the control
voltage so much. Therej of R must be equal to or higher

than 39 ko, The typmal ----- w-pass gircuit is shown in Figure 12.

E = 1
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1
2x M x6x 103 x 39 x 103

680 pf

4. De-emphasis Filter

= Since the analog signal is upto 300 Hz and the digital signal
1

A )

is 600 bits/gg., de-emphagi esigned to reject the carrier

frequency above 600 ‘
let

and

=g U INENFNEIN
L4 N1 i) (1 e

9
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fi,?ﬂﬁ pf
39 kn 18 k. 56 k. I e
i S o e [ -
=T 680 pf 4,700 pf-l-
_— )

A
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Figure 14 : Circuit diagram of the data translator
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