
DIGITAL, MULTI-TRACK 
TAPE RECORDER 

The final article in this series describes the motor speed control circuitry and the 
power supplies. The few modifications to the original tape recorder, used as the 
basis for this design, are also presented, with advice on adjustment of bias, 

equalization and signal level. 

The VLF910 cassette tape-deck used in 
the Hart version of the Linsley Hood cas-
sette recorder uses only one motor for the 
capstan drive, take-up spool and rewind 
spool. In spite of this, and though rela-
tively cheap, its specifications are excellent 
and the success of the digital recorder de-
sign is due in no small part to this excellent 
deck. The motor used is called a fre-
quency-servo type and consists of a motor 
unit and tachogenerator. Earlier versions 
of the VLF910 deck used a motor, type 
R14-7430, 03Y8D, with a built-in tacho 
generator which produced an a.c. output 
with amplitude and frequency proportion 
al to its speed. When running at the nor-
mal tape speed of 1 7/8 in/s, the frequency 
output was approximately 456Hz. Later 
versions of the VLF910 deck use a dif-
ferent motor, type MMX-6H2LSB, 
which, instead of a tachogenerator, has a 
rotating magnetic disc attached to the 
motor shaft and an associated Hall-effect 
i.c. When running at a tape speed of 1 7/8 
ids, the output on one of the pins of the 
Hall-effect i.c. is a pulse train of frequency 
about 912Hz. (Although the figure of 
912Hz is claimed as approximate with res-
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pect to a tape-speed of 1 7/8 in/s, it is 
exactly double that produced by the tacho-
generator of the earlier motor). 
Both motor types have additional built-

in electronics to produce a closed-loop 
servo system. Although the motors are said 
to be frequency-servo types, the speed of 
the motor is not locked to a reference fre-
quency: the frequency so produced by the 
t̀achogenerators' is converted to a voltage, 
using a pulse-width discriminator circuit, 
and then compared to a reference voltage. 
The stability of the speed of the motor thus 
depends upon the stability of the reference 
voltage. 
For accurate speed control of the tape-

recorder, the motor speed must be locked 
to a reference frequency. The importance 
of this speed control is not so great during 
the recording process, but absolutely vital 
during playback to ensure that the tempo-
rary storage buffers are filled with data at 
precisely the same rate as they are 
emptied. Short-term wow and flutter 
content of the data is not important be-
cause the number and length of the tempo-

rary storage buffers are designed to cope 
with this short-term variation. 
The block circuit diagram of the tape-

recorder speed control circuit was shown 
in Fig. 11 in part 2 of the series: Fig. 47 
shows the circuit of the reference fre-
quency selector, v.c.o. and phase sensitive 
detector. The v.c.o. and p.s.d. are con-
tained within the c.m.o.s. phase-locked-
loop i.c., type 4046. So that the tape-re-
corder speed control can be self-contained, 
the v.c.o. is used as the frequency refer-
ence source in the absence of any external 
reference. Using the values for the timing 
capacitor and resistor as shown, the 5k11 
variable resistor is adjusted to give an out-
put frequency of 455Hz. (This is the same 
as the tape-clock frequency of 22,755Hz 
divided by 50.) In the absence of an exter-
nal frequency input, the reset input to the 
4017 counter will be at the logic 0 level. 
The output from the v.c.o. clocks the 
counter so that evntually the '5' output 
becomes logic 1, disabling the counter. In 
this condition, the carry-out, CO, is at 
logic 0. The output from Nand 2 is thus at 
logic 1 and the output from Nand 3 is the 
inverted v.c.o. signal. Nand 4 inverts this 
signal yet again, presenting a non-inverted 
v.c.o. signal to the input of the Ex-Or 
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Fig. 47. Motor speed control circuit and 'in-lock' indicator. 
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p.s.d., whose other input is that from the 
tachogenerator pulse shaper. When the 
phase-locked loop of the speed-control 
system is in lock, the frequency from the 
tachogenerator pulse shaper is exactly that 
of the v.c.o., but it leads it in phase by 
about 90°. Consequently, the D input to 
the D-type flip-flop is at the logic 1 level 
when the Ck input goes positive, putting a 
logic 1 on the Q output of the flip-flop, 
lighting the 1.e.d. and giving a visual 'in-
lock' indication. With logic 0 on the 
output, the audible indicator is silent. In 
the event of a loss of lock the 1.e.d. will 
flash and the audible indicator will warble 
at a frequency dependent upon the rate of 
slippage between the two frequencies. 
The output from the p.s.d. is passed to 

the motor drive circuit of Fig. 48(a) or (b). 
It is filtered by a lead-lag low-pass filter, 
consisting of the 100k input resistor to 
the 351 op-amp and the 39 k plus 51.1,F 
capacitor (11 g in Fig. 48(b)) feedback 
loop. The low-frequency gain of the 
inverting op-amp is limited to unity by the 
100k feedback resistor. The resulting out-

put from the op-amp drives the motor via 
the emitter-follower circuit using a Dar-
lington power transistor, TIP121. The 10k 
resistor and base-collector feedback capa-
citor of 1nF provide some necessary high-
frequency cut-off to the emitter-follower 
stage. The iralues of the filter components 
were found by trial and error to produce a 
stable and trouble-free p.1.1. servo system 
under all conditions of Play, Rewind and 
Fast Forward operation of the deck. 
The direct offset voltage produced at the 

output of the op-amp by the potential di-
vider circuit on the non-inverting input is 
essential to the self-starting action of the 
servo system. The 20k resistor should be 
adjusted such that the p.1.1. finds lock in 
one or two seconds after pressing the Play, 
Rewind or Fast Forward keys. If the 
voltage on the non-inverting input is too 
low, the p.1.1. will not find a 'lock', the 

Fig. 48. Motor drive circuit and tacho pulse 
shaper. Version for motor Type R14-7430, 
03Y8D is at (a), while that used for motor 
Type MMX-6H2LSB is shown at (b). 

motor speed remaining too low; if it is too 
high, the loop will find and lose its l̀ock', 
the motor speed ending up too high. When 
a satisfactory setting for the 20k resistor 
has been found it will be observed that the 
tachogenerator waveform leads the v.c.o. 
output by a little more than the ideal 90°. 
This phase difference will change a little 
under varying load conditions but should 
not vary so much as to lose lock. 
The tachogenerator pulse shaper circuit 

shown in Fig. 48(a) is that for the motor 
with the built-in tachogenerator, while 
that in Fig. 48(b) is for the motor with the 
mechanically coupled magnetic disc and 
Hall-effect sensor. Because the output 
from the speed sensing circuit of Fig. 48(b) 
is exactly double that of Fig. 48(a), the 
output from the pulse shaper is divided by 
2. 
C.m.o,s. circuits of Fig. 47 and the 

pulse shapers of Figs. 48(a) and (b) are 
powered from a 15V supply, which is pro-
vided by a 15V, 100mA regulator powered 
by the cassette recorder's 20V stabilized 
supply line. The 20V supply powering the 
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