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has a value of 10 uF, the delay is 10 sec- |

onds, and if C1 has a value of 1000 pF, i

the delay is in excess of 15 minutes. |
Figure 35 shows how one of the four

gates of a CD4001 IC can be used to

make a delayed-turn-on relay time switch,

in which the relay does not turn on until

a pre-set time after SI1 is closed. Note

that the gate is connected as a simple in- ‘

verter, Circuit operation is as follows. 1
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IN THE FIRST THREE PARTS OF THIS SERIES
we looked at the basic operating prin-
ciples of cosmos digital IC’s, and went on
to explore a variety of ways of using the
CD4001 quad 2-input Nor gate logic,
inverter, gate and multivibrator applica-
tions. In this fourth part of the series we
look at ways of using the CD4001 in
lamp flasher, time-delay, oscillator and
alarm projects.

Lamp-flasher circuits

Figure 32 shows how one half of a
CD4001 IC can be used in conjunction
with a couple of transistors to make a
simple lamp-flasher circuit that drives a
low-power lamp on and off for equal
periods at a rate of roughly 1.5 seconds
per cycle.

Here, one half of the CD4001 is wired
as a gated astable multivrator, with its
output feeding to the lamp via Q1 and
Q2. When S1 is open, the astable circuit
is disabled and its output is high, so zero
base drive is applied to Q1, which is thus
cut off: Since QI is cut off, zero base
drive is applied to Q2, which is also cut
off: There is no current flow in lamp LP1
under this condition. Note that the circuit
draws virtually zero current in this state,
so the supply does not need to be discon-
nected when the circuit is in this ‘standby’
mode.

When S1 is closed, the astable circuit is
enabled, and its output switches alter-
nately between zero and the full positive
supply voltage at a rate of roughly 1.5
seconds per cycle. When the output is
high, Q1—Q2 and the lamp are off. When
the output is low, Q1—Q2 and the lamp
are driven fully on. Thus, the lamp flash-
es on and off once every 1.5 seconds. The
flashing rate is proportional to the R1
value, so the period can be increased to
15 seconds per cycle by simply increasing
the R1 value to 10 megohms. The R1 val-
ue can in fact be varied from a few
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Here are 9 more COSMOS projects for you to look
over. By building these simple circuits yourself,

you can learn about COSMOS solid-state technology.

The projects are also useful as well as educational.

thousand ohms to thousands of megohms,
to give any required flashing period.

This lamp-flasher circuit has a duty
cycle or mark-space ratio of approxi-
mately 1:1, so. the lamp turns on and off
for approximately equal times.

Figure 33 shows how the circuit can be
modified to give a programmed duty
cycle so that, for example, the lamp turns
on for a single period of only 0.75 sec-
onds in each 8.25 second cycle, thus giv-

by R. M. MARSTON

ing a 1:10 duty cycle and giving censider-
able current economy as an emergency
lamp flasher. The oN time of the lamp is
controlled by R1 and 131, and is fixed
at about 0.75 seconds, but the oFF time is
controlled by R2 and D2, and can be
varied over a wide range. When R2 is
given a value of 1 megohm, the lamp
has an oFr time of 0.75 seconds, and
when R2 has a value of 10 megohms, the
OFF time is about 7.5 seconds. The value
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FIG. 32—SIMPLE LAMP FLASHER. One IC and a coupla of iransisiars are the aclive components.
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FIG. 33—PROGRAMMED-DUTY-CYCLE lamp flasher.
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of R2 can be varied from a few thousand
obms to thousands of megohms, as re-
quired, to give any desired oFF time.

Note that the circuits in Figs. 32 and
33 are both designed to work from a 12-
volt supply, and that lamp LPI can be
any 12-volt type with a current rating up
to 200 mA. Lagps with higher current
ratings can be w.ed if a suitably rated
power transisto: - used for Q2.

Time-delay circuits
COSMOS digital IC’s are ideally suiied

- for use in relay-driving time-delay appli

cations, since they draw virtually zeio
standby current and have near-infinite
input impedances. Figure 34 shows the

practical circuit of a cosMos auto-turn-off

relay time switch, in which the relay
turns on as soon as START buftom Si is
momentarily closed, but turns oif again
automatically after a pre-set period. The

delay period can readily be varied from
a fraction of a second to about fifteen
minutes by selecting the value of C1,

The operation of the circuit is quite
simple. One half of the IC is wired as a
gated monostable multivibrator, with its
output feeding to the relay via Q1. When
the circuit is in its quiescent state, the
output of the monostable is low, so zero
base drive is applied to Q1, and Q1 and
the relay are off. The circuit draws vir-
tually zero current under this condition.
When S1 is momentarily closed, the
monostable fires, and its output goes high
and drives Q1 and the relay fully on:
After a pre-set period, the monostable
completes its period and its output auto-
matically goes low again, so Q1 and the
relay turn off and the circuit current falls
to near-zero again,

The circuit gives a period of roughly 1
second per uF of CI value. Thus, if CI

When S1 is first closed, C1 is fully dis-
charged, so at this moment the R1—R2
junction is effectively shorted to ground.
Consequently, the output of the inverter-
connected gate is at full positive supply
voltage under this condition, and Q1 and
the relay are cut off. Shortly after S1
closes, C1 starts to charge up via R1, and
an exponential rising voltage is applied to
the input of the gate.

Eventually, after a pre-set period, this
voltage rises to the transfer voltage value
of the gate, and at this point the output
of the gate switches into the low or
grounded state and drives Q1 and the
relay on, The relay then remains on until
51 is opened again, at which point CI
discharges rapidly via R2 and built-in
input protection diode D1 (see Fig. 7-b
in the September 1974 issue) of the gate.
The operating sequence is then complete.

Precise delay period circuit depends
on the values of R1 and C1, and on the
value of transfer voltage of the particular
CD4001 IC that is used. When R1 is 2.2
megohms, as in the diagram, a delay of
roughly 1 second is available per uF of
CI1. A delay or roughly 10 seconds can
thus be obtained by giving CI a value of
10 pF, and a delay in excess of 15 min-
utes can be obtained by giving C1 a value
of 1000 4F.

Note that the circuits of both Figs. 34
and 35 are designed (o operate from 12-
volt supplies, and that the relays used can
be any 12 volt types having coil resist-
ances of 180 ohms or greater.

Finally, note that the timing capacitors
(C1) used in these two circuits must have
leakage impedances greater than 35
megohms if the circuits are to operate
correctly.

Oscillator and alarm generator

The CD4001 IC can be used in a
variety of audible-output oscillator and
alarm-call generator circuits. Figure 36,
for example, shows how the IC can be
used as an efficient Morse-code practice
oscillator. Here, gates 1 and 2 are wired
as a variable-frequency gated astable
multivibrator, which can be furned on
and off via the Morse key. The output of
the astable is taken to a set of high-im-
pedance phones via gate 3, which is con-
nected as a simple inverter. R4 resistor is
a volume control.

Normally, when the key is open, the
oscillator is disabled and the output of
gate 3 is at ground potential, so virtually
zero current flows through the circuit
under this condition. In fact, the standby
current is typically of the order of .004
uA, which is less than the normal leak-
age current of a supply battery, so there
is no need to wire an ON-OFF switch into
the supply leads.

When the key is closed, the astable
circuit is enabled, and a square-wave sig-
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FIG. 37—LOW-POWER ALARM GENERATOR operates at 800 Hz.
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FIG. 38—MEDIUM-POWER (0.25W to 11.25W) alarm generator.
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FIG. 40—PULSED LOW-POWER alarm generator.

nal is applied to the phones via R4. The
frequency of oscillation can be varied be-
tween 300 Hz and 3 kHz via R1, which
acts as a TONE control, and the peak
amplitude of the phones signal can be
varied between zero and the full supply
voltage via R4. Note that a short circuit
can be placed directly across the output
of the device without causing damage
to the I.C. The circuit can operate from

any supply in the range of 5 to 15 volts.

Figure 37 shows how the CD4001 can
be connected for use as a low-level fixed-
frequency alarm-call generator. circuit,
Here, gates 1 and 2 are wired as a gated
astable multivibrator that operates at ap-
proximately 800 Hz, and the output of
the astable is connected to switching tran-
sistor Q1 via R3. Q1 uses the speaker and
limiting resistor R, as its collector load.

The action of the circuit is such that
Q1 is driven alternately on and off at a
frequency of 800 Hz when SI is closed,
so drive current is pulsed into the speaker
under this condition. The speaker and
limiting resistor R, should have a total
series resistance of 100 ohms. The avail-
able acoustic output power of the circuit
depends on the value of supply voltage
used, and on the impedance of the speak-
er. Using a 9-volt supply, the mean out-
put current is fixed at about 40 mA, so
the output power to a 15-ohm speaker is
about 25 mW, and to a 100-ohm speaker
is about 160 mW.

The output power of the circuit can be
boosted to a higher level by modifying
the design as shown in Fig. 38. Here,
the output of Q1 is used to provide base
current drive to output power transistors
Q2, which uses the speaker as its collec-
tor load. The speaker can have any im-
pedance in the range 5 to 25 ohms, and
the supply can have any voltage in the
range 5 to 15 volts. The actual output
power of the circuit depends on the com-
bination of supply voltage and speaker
impedance that is used, and ranges from
250 mW when a 25-ohm speaker is used
with a 5-volt supply, to 11.25 watts
when a 5-ohm speaker is used with a 15-
volt supply.

The output power can be boosted to
about 18 watts by further modifying the
circuit as shown in Fig. 39. Here, transis-
tors Q2 and Q3 are super-alpha connected
to give high gain, and the circuit is de-
signed to operate from a fixed 15-volt
supply and to use a 3-ohm speaker.

Note that protection diodes are wired
across the speakers in Figs. 38 and 39.
These diodes are used to prevent the col-
lector voltages of the output transistors
from swinging above the supply voltage
as the inductive speaker loads are pulsed
with current. The diodes must have cur-
rent ratings of at least 1 amp in the Fig.
38 circuit, and of at least 3 amps in the
circuit in Fig. 39. Also note that the Fig.
38 circuit passes a typical standby cur-
rent of about 10 wA, and the Fig. 39
circuit passes a standby current of about
30 pA, due to the leakage currents of the
transistors used.

The three alarm-generator circuits that
we have looked at so far each produce a
fixed or monofone output which is, by
definition, monotonous to listen to. A
more attractive and attention-catching
sound is made by the basic pulsed low-
power alarm generator circuit of Fig. 40.

Here, gates 1 and 2 are wired as a
fixed-frequency astable multivibrator that
operates at a frequency of about 6 Hz,
and gates 3 and 4 are wired as a gated
800-Hz fixed-frequency oscillator. The
800-Hz oscillator is gated on and off via
the 6-Hz oscillator, and its output feeds
to the speaker via Q1 and R,. The circuit
can be operated from any supply in the
range 5 tol5 volts, and can be turned on
and off via switch S1.

In this fourth part of the series, we
have looked at different ways of using
the CD4001 in lamp flasher, time-delay,
oscillator and alarm projects.

Next month we will conclude the alarm
projects and show you different elec-
tronic alarm control circuits. R-E
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Do you know what a MOS shift register is? Do you know
how it works? Here are the answers plus how to interface them
with other logic families and different applications

A SHIFT REGISTER IS A DIGITAL DATA STOR-
age device. The data can be the letters
to be displayed on a TV screen, numbers
in a computer or calculator, intermediate
values in a digital filter, or part of an
elaborate code or sequence. Shift registers
are made up of individual stages. Each
stage can store one bit of information,
called a binary 1 or a 0, and usually
corresponding to a “yes” or “no” or else
perhaps a “present” or “absent” com-
mand. Four bits together can represent
a decimal number, while six bits together
can handle one ASCII character, and so
on. In a shift register, the contents can be
moved or shifted so that the contained
information is marched one and only
one stage at a time through the device.
The shifting process is called clocking and
one or more clocks are involved in com-
pleting the shifting operation.

Figure 1 shows how we might make a
shift register out of either a JK or type-D
flip-flop. While TTL (Transistor-Trans-
istor logic) devices are shown, we could
use any logic family we like. Input data
corresponding to a “1” or “0” is pre-
sented to the first stage. When the system
is clocked, the first bit of data is entered
and then stored in the first stage. On the
second clocking, the contents of the first
stage get passed on to the second, and
the first stage then accepts a new bit of
information from the input. The next
clocking passes the output of stage 2 on
to stage 3, and the output of stage 1 on
to stage 2. Finally, stage 1 accepts a new
bit of input information.

One more clocking fills the register in
Fig. 1 as it is only four bits long, and
all four stages now have information in
them. If we do no more clocking, the
register will keep the information we
sent it. Four more clocking pulses and
we can march the data out and use it
somewhere else.

So what good is a shift register? We
can use it to store information. It is a
digital memory. We can use it to delay
information. We can use it to format
information, either in a buffer mode
where the enter and readout clock rates
may be different, or in a variable-access
mode where we can enter and leave in-
dividual stages with data. With certain
types of shift registers, we can convert
serial data to parallel form or parallel
data (all at once) to serial (one at a time
in sequence) form. We can also build
counters and sequencers with shift reg-
isters. Two popular types are called the

by DON LANCASTER

walking ring computer and the pseudo
random sequence generator.

Organization

The organization of a shift register is
decided by how many stages it has and
how you can get at the individual stages.

A serial-in-serial-out register gives you
the input only to the first stage and the
final output of the last stage. it is some-
times called a serial register or a SISO
(Serial-in-Serial-Out) register. There is
no intermediate access.

A SIPO register gives you the outputs
of all stages including the last one. The
eight-bit 74164 is a typical TTL example.
A parallel-in-serial-out or PISO register
lets you simultaneously load all the
stages but then marches the contents out
as a serial-bit string. The TTL 74165 is
an eight-bit example of this type.

The most versatile type of shift reg-.

ister would be a PIPO (Parallel-In-Par-
allel-out) version. Here, you could load
data either serially one bit at a time
r “broadside” parallel. You could also
get all the data out either in broadside
parallel all-at-once form, or one bit at a
time in serial form. The 74195 is a four-
bit TTL package that does this.

You might think that since you could
use the PIPO register for everything else
anyway that it would be the only way
to go. The problem is that you can easily
put 2048 shift register stages on a single
small chip of silicon. For a 2048-bit
PIPO register, you'd need a minimum of
4099 leads for inputs, outputs, clocks,
and power supplies. This is a most un-
wieldy package to say the least, even if
we don’t worry about the extra circuitry
needed for each parallel input. Now the
same register can be done SISO in as
little as 5 leads.

So, for short shift register applications,
we have a choice of the four formats.
For long shift register uses, the only eco-
nomical way to go is the SISO route,
We’ll consider everything longer than 24
bits a long shift register here. This is
often a changeover point. 24 bits or less
and you usually use the more flexible and
faster TTL registers, often at four or
eight stages per package. Above 25 bits,
you go to the long serial MOS registers
and pick up as many as 2048 bits of
storage in a single package.

The majority of registers shift' only
towards the output and are called shift
right registers. A very few can also shift
back towards the input and are called

bidirectional or shift-right-shift-left de-
vices. These are expensive and not nor-
mally available in long lengths. One
trick you can do with a recirculating reg-
ister (more on this in a bit) is clock it
rapidly ahead one stage less than its
length, making it appear to back up one,
rather than go forward all but one of
its stages.

Two more things may enter into our
register organization. We may have more
than one shift register in a single package.
One, two, and six registers per package
are common, Usually, they have common
clocking, but not always. For instance,
the Signetics 2518 is a hex 32-bit shift
register; the 2519 is a hex 40-bit version.
Both have common clocking and a com-
mon enter/recirculate control.

You often use several shift registers
in parallel. For instance, you might use
four shift registers to individually handle
each bit of a four-bit BCD or binary-
coded-decimal digit. Thus each clocking
of the register array gefs you a whole
new decimal number, rather than only
14 of it The four bits is sometimes called
a word and sometimes a byre. Likewise,
an alphanumeric character can be repre-
sented by a six bit ASCII character code.
Here, we use six registers at once to give
us one whole new character on each
clocking. Of course, we have to make
sure all the registers get clocked exactly
alike, for if they didn’t, all the data bits
would be hopelessly scrambled. This is
usually very easy to prevent.

A final feature of a shift register’s
organization is its recirculatibility. Some-
times we might like to look at the con-
tents of a shift register a bit at a time,
and then refurn the information back into
the same relative slots in the shift register
for later use. This is called recirculation.
Some sort of switching or selection must
be provided if you are sometimes going
to enter new data as opposed to recir-
culating old data. Some of the long MOS
shift registers have an internal recirculate
logic and are normally used if you need
recirculation. We’ll see in a minute that
recirculation is essential for the dynamic
registers if you are going to keep the
data more than a fraction of a second.
Figure 2 shows the logic needed to add
an external recirculate to a shift register.

Long MOS shift registers

There’s an incredible variety of long
shift registers available using several dif-
erent MOS (Metal-Oxide-Semiconductor)
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a a a a economical than flip-flops as it usually 1 3’[ o ORter s single  6.8K 2529 Dua atic
uses the “free” capacitance found in nor- E;]S‘isf;rr“‘t’o‘“e I“;evc'ms docs the. triok MOSTEK: 2535 ?(;J;f ?ot_statruecc
i i I p : static, :
iy e og dyparpnc MO:S Bt N-channel circuits often work with a MK1002 Dual 128, Static 23
Eaittn will 1ol thar idforation for single +5-volt supply and are directly MIK1007 4 x 80, dynamic TEXAS INSTRUMENTS:
b TO lone tenth of & scegnd’ Should TTL compatible without resistors on out- TMS3000 Dual 25 static
e yofu fail to c‘loclk tHem s tiat e, e put and input. CMOS integrated circuits MOTOROLA TMS3001 Dual 32 static i
information is lost. : > ’ ) 3 0 static |
F : also work off a single +5- to }15-volt 141G Triple 66 dynamic TMS3002 Dual 50 s |
) So, if you are only gol?fg to k_ﬁ‘:p y‘;“; supply. At -4 5 volts, they are directly mg'TIMZG Sinpgle 200{1ynamic TMS3012 Dual 128, stat, rec. |
1/4 7400 1nformat10n‘ 1n' your shift register fo TTL compatible on an input, but may MC1160G dual 100 dynamic TMS3102 Dual 80, stayc |
: gnder s Itestod sof §n ceond betors not have enough output drive current for MGC1161G Dual 50 bit static TMS3112 Hex 32, static, rec.
finally using it, it doesn’t matter whether restlar T feosiowesower-I- Tk s otien SEEL S st TMS3113 Dual 133 static, rec.
you use a static or a dynamic register. used as an c’)utput sense amplifier. MC2361G Dual 128 Static TMS3304 Triple 66, dynamic
The trouble is that most applications call Tts usually tricky to simultaneously MC2362G Dual 250 Static TMS3309 Dual 512, dynamic
1/4 7400 for data to be reused or held longer drive ancthier MDS ktese dlons with FTL- i e TMS3314 Triple 6044 dynamic
’ FIG. 1-b—A SHIFT REGISTER USING type D than a fraction of a secc()ind. SO& if you a fhicoiolens ard entiehticlin e ot Kic25006 il | 100 ayaersic TMS3412 Single 1024 Dynamic
flip flops. The clocking pulses are derived A 1 ne the cheaper;idegsen dynamic usually work out too well. To get around
from the circuitry inside the dotted lines. shift registers, you have to move or re- this, you usually run through a single TABLE Il
’ “SHIFT"” g’:;:n Eﬁgcf itic;mg"gzuiayotfo f:j;?; TTL inverter and use its output to drive SOME LONG MOS SHIFT REGISTER SOURCES
i el o the moving of data is to march the in- (he RECP Doliowine ELECTRONIC ARRAYS INC. MOTOROLA SEMICONDUCTOR
formation completely once around at Clocks 501 Ellis Street [ . Box 29912 . 03‘6
(b) USING D" FLIP FLOPS least several dozen times per second. In Mot probiema happen: witly long shift Mountain View, California 94040 Phoenix, Arizona 85
; : Ao sl bp LV Lot et op itk Sl han | ERRGHILD SENICONDUGTOR NATIONAL SEMICONDUCTOR
technologies. These range from small 16- tronics) for as little as a quarter each Fcc:rculatlon at the 60 hertz vertical rate ot any. Cihen sinle dimantty: Bl and TR e 500 Sl i itk BElkG
® and 21-bit versions up to 2048-bit ones for manufacturers seconds. Some of the is one good approach. i j AN e e e s e e Santa Clara, California 95051
© ina single package. A brief and more or seconds we tested from the back ads.run Flgpre 3-c shows an [ntercstmg' com- R i e Moy : ,-Un
% less random listing is given in Table I, around a 45% “completely useful” yn?ld. promise between static and d_‘_,'namlc Teg- Unless it specifisally says % othetwise INTEL CORPORATION SIGNETICS m
I while some of the more prominent man- All of these devices are serial-in-serial- isters. Here, we use a capacitor for the (il anid tn Tete oot . clock 3065 Bowers Avenue - 811 East Arque_s Av_enue E |
('3 ufacturers are listed in Table 11, The typ- out. Typical maximum frequency of oper- temporary storage z_md a flip-flop ‘for the i aie ~ ot Comipa ble swith ,TTL. Ust. Santa Clara, California 95051 Sunnyvale, California 94086 E |
Y ical single-unit price varies from around $3 ation is 2 or 3 megahertz, although you final storage. This is a compromise that 15 o dost T e ol istrthe ehii SSRGS g |
U to around $15 per unit and typically runs get much better behavior at a 500 kHz gives us static performance at slightly a y the'clock lr e MOSTEK s i |
©  well under a penny per bit for the longer or so rate. over half the normal cost. Strictly speak- %uPplnyWLﬂg, _1§“° aate o ot 1215 West Crosby Road goﬁ e 3
9( versions. Some of these have shown up Before you can use any long MOS ing, this i§ called a quasi-stqric operation, bW;';g ocl)tr ao\Sv]eer(;ﬂ glies S what: Carrolton, Texas 75006 allas, 3 |
@  surplus (see back ads of Radio-Elec- shift register, you have to ask the fol- but practically all the “static” MOS reg- — 1Z-volt p pplies. ) 61 i
60 | |
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ever is driving the clock has to drive a

bunch of internal switches in a long reg- !

ister, so the clock line capacitance may
be several hundred picofarads. Since you
need sharp rise and fall times on the
clock, it usually takes a special circuit
called a clock driver to get the job done,
as the peak currents involved in charging
and discharging the clock line capaci-
tances may be several hundred milliam-
peres or more. Except for the simplest
circuits, a push-pull “totem pole” drive
circuit is needed, and a small current lim-
iting resistor (usually 10 ohms) must be
provided between the registers and clock
lines to prevent short circuit damages and
risetimes that raise havoc with the supply
lines and decoupling. The clocks must
NEVER be allowed to “overshoot” and
exceed the positive supply voltage, even
briefly for this will destroy or selectively
change the information in the register.
Clocks must be the proper widths and
must not overlap, Where two clocks are
used, the “daylight” or space between
them is just as important as their widths.

As a general rule, always use clock
widths near the minimum called for on
the data sheets. With most registers, the
wider the clock pulses, the more the sup-
ply current, and the hotter the IC runs,
leading to potential temperature and bit
pattern sensitivity problems. Clock widths
should be precisely derived from system
timing instead of randomly adjusted
through monostables or half-monostable
pulse shapers, since the position and
widths can be quite critical.

On your first design with a new long
MOS register, you also have to watch
for the number of clocks needed per
cycle. Generally static registers need a
single clock and each clock pulse ad-
vances the information one stage. Static
registers are also usually much easier
to drive on their clock lines.

Most dynamic registers have two clock
lines and need two clock drivers. One
clock is the inpur clock; one is the output
clock. A pair of clock pulses is needed
to advance -the information one stage.

Finally, there are a few dynamic multi-
plexed registers such as the Intel 1402,
1403, and 1404. These are tricky and
hard to use. They contain two internal
shift registers with a common input and
output. What is an input clock for one
side is the output clock for the other
half and vice versa. The data externally
appears to travel one stage per clock
pulse, although a pair of clock pulses
is needed to complete each transfer op-
eration. If you are not very careful, you
can end up one clock pulse short or long
of what you really need, and change the
effective register length.

Note that any of these devices can have
the clocks spaced out in time. They need
not be continuous. They can be in bursts
of random, so long as you don’t exceed
the minimum clock width and “daylight”
spacing, and so long as you don’t wait

FIG. 3 (top of page)—STATIC shift register,
b) DYNAMIC shift register. ¢) QUASI-STATIC
shift redister.

FIG. 4 (bottom of page)—INTERFACING
DIFFERENT MOS logic with TTL gates. The
type of MOS logic can be identified by the
supply requirements.

A B
LA ouT
SET-RESET SET-RESET
FLipFLop [ > {FLipFLoP [
TEMPORARY FINAL
STORAGE STORAGE
(a)
ISOLATING
AMPLIFIER
IN A’ . ouT
ISTORAGE I
CAPACITOR I
TEMPORARY FINAL
STORAGE STORAGE
(b)
ISOLATING
S AMPLIFIER g e
oo SET-RESET
*rLip-FLop [°
STORAGE
I CAPACITOR
TEMPORARY FINAL
STORAGE STORAGE
(c)
+15V
e ANY TTL
METAL GATE | gyt GATE
o P MOS our
IN| 15V Y
TTL SUPPLIES
OPEN COLLECTOR 10K
HIGH VOLTAGE
GATE 7406 OR i
7416 ONLY =
+5V
2
Sk ANY TTL
SILICON SATE
IN GATE P mos |OUT ouT
IN| BV, 12V
ANY TTL SUPPLIES
GATE eee
-12v
IN N-CHANNEL |quT ouT
O—Do— MOS
INI +5 suppLY
ANY TTL ANY TTL
GATE GATE
IN C MOS our ouT
+5 VOLT
SUPPLY
ANY TTL ANY LOW
GATE 2.2K POWER TTL
GATE

+5V

longer than the dropout time on a dy-
namic register. Outside of the capacitance
you may have to charge and discharge
rapidly, all of the inputs on any MOS
integrated circuit are essentially open
circuits and neither source nor sink

current.

Enables

An enable pin lets you combine either
the outputs or inputs of a shift register
group without using any fancy selector
switches or external logic. Qutput enables
are sometimes called read enables. You
can combine memories simply by short-
ing all the outputs together provided you
enable only one circuit at a time. Two
common types of enables are the open
collector and the tri-state. The latter pro-
vides a “1”, a “0”, or a high-impedance
open circuit on command. Write enables
also exist, but only on a few of the long
Tegisters.

Applications

We only have enough room to quickly
run down some obvious applications of
long shift registers. Two important ones
were shown in the TV Typewriter story
(Radio-Electronics, September 1973).
Six recirculating 512-bit registers were
used as a main memory character store
and a final hex 32-bit shift register was
used as a line register needed for for-
matting the dot matrix characters,

Pocket calculators and computers use
long shift registers for number and pro-
gram storage. Often, they are combined
with internal multiplexing, calculation,
and control circuitry into a single
package.

Some music synthesizers use long shift
registers as tune computers or composer
storage. Several far out tricks that can
be done with them is the separation of
pitch and tempo, and the ability to play
an upside down scale, or a reversed or
backwards score. To reverse a shift reg-
ister, you simply run it ahead N-1 clock
pulses as fast as you can go. For instance,
a 512-bit shift register can be clocked
ahead 511 bits in well under a milli-
second, and it appears to have backed
up one slot at the end of the burst.

Long shift registers are ideal for
sequence generation of noise that repeats
for cryptography, computer security,
music, and audio testing applications.

Long shift registers make good buffers
or data concentrators. Input information
can be loaded into a shift register at a
random, slow, or asynchronous outside-
world rate and then transferred to the
rest of your circuit later on synch-
ronously at high speed.

You can build an electrically variable
delay line out of long shift registers. The
clocking controls the delay time inde-
pendently of the input data frequencies.
You can get a delay to risetime ratio
of 500:1 out of a 1024-bit register, some-
thing that’s hard to do with analog delay
lines. Speech compression (for talking
book tapes and records), vibrato (for
music synthesizers), and spectrum trans-
lation are three typical use examples.

In fancier circuits, shift registers are
used as the key element in digital filters,

(continued on page 97)

New Concepts
In FM Tuner Designs

New innovations in tuner design have come to light in recent years. .
These innovations include new frequency synthesis techniques, tuning indicators,
noise blanking circuits and phase-locked-loop arrangements.
Here’'s what these innovations can mean to you.

THE PERFORMANCE LEVEL OF THE TYP-
ical all-in-one stereo hi-fi component
receiver has improved remarkably
over the last few years. Circuit refine-
ments have been applied to both the
amplifier sections and the FM tuner
sections of the one-piece receiver, so
that each of these sections now outper-
forms some of the better separate
tuners and amplifiers of earlier years.
There are receivers which boast con-
tinuous power outputs of 100 watts per
channel and more at less than 0.1%
total harmonic distortion—specifica-
tions previously associated only with
separate integrated amplifiers or even
separate basic power amplifiers. As for
FM performance, it is not unusual to
find integrated stereo FM receivers
which offer ultimate signal-to-noise
ratios well above 70 dB, distortion
levels (even at 100% modulation) of
below 0.25%, and stereo separation
capabilities of well over 40-dB at mid-
frequencies and better than 30-dB over
the entire audio range.

To “justify” the continued existence
of the “separate” FM tuner, manufac-
turers of these relatively high-priced
components have had to seek and de-
velop improvements which extend
beyond the commonly reported per-
formance specifications and which
offer operating convenience and sim-
plicity to the prospective buyer that are
not available in the popular all-in-one
receiver component format. Typical of
this new breed of FM tuner is Ken-
wood’s new Model 700-T Frequency
Synthesizing Tuner, shown in Fig. 1.

Tuning accuracy and distortion

Even the very best FM tuner which
boasts low, low distortion can deliver
its lowest THD figures only when the
tuned circuits in the front end are pre-
cisely tuned to the center frequency of
the desired station signal. Typical

by LEN FELDMAN
CONTRIBUTING HIGH-FIDELITY EDITOR

FIG. 1—THE KENWOOD 700-T frequency
synthesizing tuner.

values of distortion introduced by even
minimal mis-tuning of frequency are
illustrated in the graph of Fig. .2. As
this graph illustrates, a mis-tuning of
as little as 50 kHz can increase distor-
tion in the output from 0.13% to
0.45% for monophonic signals. In
stereo FM, the degradation of audio
purity can be even greater.
Conventional tuners and receivers
generally use center-of-channel tuning
meters or other idicators as tuning aids.
Often, such indicators are simply dc
voltmeters hooked up to the take-off
point of the FM ratio detector. In a
properly aligned FM tuner, proper
tuning should result in zero dc volt-
age at this point and the meter pointer
is then centered. Even slight misalign-
ment of the ratio detector or other

1.0 =
09—
08—

DISTORTION (%)

e o0 o098

- N W BB O O~
[

tuned circuits in the i.f. section of the
tuner can cause the meter pointer to
swing left or right of center and the
user, relying upon this indication, would
then deliberately mistune the set until
the pointer returned to its mid-point.
Even in a perfecly aligned system, de-
tector bandwidth on modern tuners
is so great that the tuning meter’s
range, from end to end, must extend
over several hundred kHz, making
the exact “‘center point” rather diffi-
cult to determine visually.

Frequency synthesizing

The idea of using a frequency syn-
thesizing circuit for accurate FM tun-
ing is not new. It first appeared in a
consumer type tuner a few years ago
when the Heath AJ-1510 tuner was
introduced. That tuner was tuned with
keyboard push-buttons and, therefore,
required a great amount of digital cir-
cuitry beyond the relatively simple re-
quirements of frequency synthesis. In
addition, the AJ-1510 tuner displayed
tuned frequencies on digital read-out
tubes, which also required a fair
amount of digital drive circuitry.

Kenwood engineers, in designing the
new 700-T decided that audiophiles

.45% DISTORTION
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SPECTACULAR
5" ANNIVERSARY
SALE!!

Incredible Savings
Free Foothall

TEST EQUIPMENT

Compare these
typical savings

Model WV 98C Model WT-333A
Senior VoltOhmyst® Picture Tube Tester/Rejuvenator
List $109.00 List $199.00
Our Price $88.50 Our Price $162.50

Digital Meters

B&K 281 List $169.95
B&K 282 List 199.95 Qur Price 169.97
Leader LDM 850 List 359.95 Our Price 305.96

Full Line of All Popular Brand Test
Equipment Drastically Reduced

EICO B&K SENCORE
LEADER RCA HICKOK

Our Price $144.50

1000’s of Name Brand Items.
Check These Typical Values.

SERVICE AIDS

Castle Mk V Master Subber
Castle Mk IV A

Mura NH 45 2000 ohm VOM ... ., .. S A e e e R e e e e e 7.95

PARTS

Sarkes Tarzian Tuner

IR-DD04 Dual Diodes

IR-R170 2.5 AMPS

IR-Focus Rect 6500 PIV

Telematic CR 250 90° Color Booster

Workman FRTV Universal Color Degaussing Kit

Thordarson Yokes
Y94 (Philco equiv)
Y05 (Universal equivy s et s kel il So o ea.
Y 130 (Zenith eqQuiv.) .. .oovvvineioiiiiiiiiiiaen et ea.

TUBES (ICC/Servicemaster)

10 for $10.00

9.80

19.50

7.20

6DW4/6CL3 ..10 for 9.20
10 for 9.50

Complete inventory of ICC/Servicemaster and Raytheon tubes

FREE 48 pg Discount Catalog

FREE regulation football
with every order of $100 or more
accompanied by this ad

Minimum Order: $50.00
Send Check or Money Order. Add $1.00 for Shipping and Insurance.

FORDHAM

Radio Supply Co., Inc.
558 Morris Ave., Bronx, N.Y. 10451 Tel: (212) 585-0330

Circle 82 on reader service card

try this

PENCIL IRON REPAIR

Has that small pencil iron fallen off of the workbench
for the last time, its plastic socket container broken and
the shell socket is exposed? If so, it probably looks like
the “before” photo.

Don’t throw this pencil iron holder away. Take a tube
of silicone rubber bath tub seal, which can be purchased

BEFORE

AFTER

at drug and hardware stores, and repair it. Remove the
soldering iron tip and center the socket into the broken
plastic piece. Pour or squirt the rubber cement around the
socket. Level or bevel off the excess rubber silicone cement
and insert retainer ring. See “after” photo. Let the mixture
set up for twenty-four hours. You now have a new solder-
ing iron holder that bounces when it is dropped upon the
floor—Homer L. Davidson

SILVERTONE COLOR SETS

When servicing many of these sets, you have to pull
the chassis to adjust the reactance or color oscillator coils.
The standard alignment tool is just too long.

To alleviate this problem, cut the plastic alignment tool
in half. Shortened, it is easy to insert and saves broken
coils and slugs.—Andrew M. Hejnar R-E

NEW CB RULES ARE COMING
There are more channels being added to the CB band and some
complications too. To keep up with the new FCC rulings and to find
out how they affect you, don’t miss the January 1975 issue of Radio-
Electronics. It goes on sale December 19.

AUDIO FEEDBACK CIRCUITS
(continued from page 87)

Both the boost and cut circuits are in the operational
amplifier circuit and Equation 10 does apply. Converting
R1, R3 and R1 mathematically from a “tee” to a “delta”
configuration to facilitate analysis, will yield a corner boost
frequency at f.,, and a corner cut frequency at f,,.. They
are both equal to 1/6.28C5 (R1 + 2R4).

The intermediate settings of the control will yield inter-
mediate amounts of treble boost and cut. As was the case
with the bass control, the corner frequency is shifted away
from the center frequency when less boost or cut is re-
quired at the upper ends of the band. The setting of the
control will not affect the center or low frequency regions
of the band.

The value of C5 was set at about 100-pF, so it would not
load the input circuit excessively and yet be large enough
not to be affected by stray capacitances in the circuit.

f,m, was chosen for about 16 dB of boost at 10,000 Hz.
An approximate curve used to determine the corner fre-
quency is shown in Fig. 9. At the maximum setting of the
control, fo,. = fou, = 1.5 kHz. Since R1 and C5 are already
known, R, is calculated to be about 500,000 ohms.

R5 must be made as small as practical when compared
to the reactance of C5 at the highest audio frequency that
must be boosted. A 500,000-ohm linear center-tapped po-
tentiometer was found to be satisfactory.

A low-gain amplifier or lower impedance bipolar transis-
tor are frequently used in the feedback tone control circuit
in place of the JFET. As these components cause the
operational amplifier to differ radically from the ideal, the
components must change from the calculated values to pro-
duce results similar to those outlined above. The circuit
should be designed in the laboratory in this case. Since the
function of each component has been detailed, the effects
of changing a component is known and the design proce-
dure does not have to be haphazard.

A complete tone control circuit has been drawn in Fig.
10 showing the bass and treble controls. The following fac-
tors affecting the various functions of the control should
be noted.

The amount of boost and cut produced by the treble
control is affected by R4 and C5. Make either compo-
nent larger if more treble action is required. To a lesser de-
gree, increasing R1 increase the amount of treble boost,
while increasing R3 affects the size of the treble cut.

As for the bass circuit, C3 and R3 must be increased to
further emphasize the boost while C2 and R1 must be in-
creased to accentuate the cut. R-E

MOS SHIFT REGISTERS
(continued from page 62)

correlators, and Fourier series calculators, And, as a final and
obvious application, shift registers are being used fo replace
magnetic discs as medium-speed, high-density storage systems
for computers. These are often called silicon disc files.

Getting started

If you are new to shifit registers, pick up a few of the bargain
surplus units and try experimenting with them, You'll get best
results if you stick with the static units at first and avoid the
older metal gate =15 volt circuits as they are hard to interface.
Remember to pick up several units at once if you are buying
seconds. Above all, have the exact data sheet on hand, and if
possible, some application notes as well. Be sure to have your
power supplies well decoupled and regulated and make sure
your clock lines and drivers exactly meet the specified reqmre-
ments. Keep your clock pulse widths down around the mini-
mum recommended values to minimize internal heating and
try to derive the clock widths and spacing from digital logic
and timing rather than using adjustable monostable delays. R-E

PRINTED CIRCUIT KIT

Makes circuits THREE WAYS

1 FULL SCALE ARTWORK MASTER

DEVELOPED

PHOTO RESIST ETCHED
MAGAZINE ART FILM . . .
2 NEGATIVE IMAGE ON CIRCUIT
ILLUSTRATION POSITIVE COPPER CLAD BOARD

CIRCUIT BOARD
umsc'r ETCH DRY TRANSFERS APPLIED TO COPPER CLAD BOARD d
CAMERA
DARKROOM
FILM CUTTING
TRACING

KIT CONTAINS 5° x 67 steel printing frame. 4 sheels 5° x 8° pholocopy film. yellow filler, chemicals for 1 pinl Um developer
and 1 pint film fixer. 57 x 6° copper clad board. 3" x 417 copper clad board. spray can of photo etch resist. | pihl resist devaloper.
2 sheets B%™ = 117 layout film. 1 roll 1/16" printed circuit tape. 1 rall 1/32" printed circuil lape. B sheets dry ransier direct eich
PC palterns including pads. transistors. round can and flat pack IGs. DIP ICs. edge card connectals. fines. circles. jogs. elc .
% Ib anhydrous fernc chlonde lo make 1 pint elchanl. instruclions

ER-4 COMPLETE PHOTO ETCH SET ... .. $24.95

USES DATAK'S POS- NEG | PHDCESS
Ther lutionary p hic way
thatmakes PERFEC Tprinhd circuits
from original art or a printed page.

ER-2 PC patternsandtapes—refill .. ... ....._ ... ....... 3.39
ER-3 Yi pounddryetchant—refill ...................... 1.25
ER-5 6 sheets photocopy film—refill .. .. ............... 3.39
ER-6 Film process chemicals—refill . . ................. 1.79
ER-7 Photoresistspray, 2.50z. —refill . .................295
ER-8 Resistdeveloper, 16 oz.can—refill . . . ............ 2.95

AT YOUR DISTRIBUTOR OR DIRECT

the DATAK corp.
65 71st St. @ Guttenberg, N. J. 07093

Circle 79 on reader service card

Accuracy like a VTVM...
Convenience like a VOM...

NEW BATTERY-OPERATED FET
SOLID-STATE VOLT-OHMMETER 7116

Easy-to-build KIT
$36.90 =116K 1

Factory-Wired & Tested

$49.99 _on

Now you can get all the benefits of a
VIVM (laboratory accuracy, stability and
wide range) but with its drawbacks gone:
no plugging into an AC outlet, no waiting
for warm-up, no bulkiness. New Field
Effect Transistor (FET) design makes
possible low loading, instant-on battery-
operation and small size. Excellent for
both bench and field work.

Compare these valuable features:

e High impedance low loading: 11 meg-
ohms input o5 DC, 1 megohm on AC e
500-times more sensitive than a standard
20,000 ohms-per-volt VOM e Wide-range
versatility: 4 P-P AC voltage ranges: 0-3.3,
33, 330, 1200V; 4 RMS AC voltage ranges:

Send FREE catalog of complete EMC line
and name of nearest distributor.

0-1.2,12, 120, 1200V; 4 DC voltage ranges: i Name
0-1.2,12, 120, 1200V; 4 Resistance ranges:
0-1K, 0-100K, 0-10 ‘meg., 0-1000 meg.; j Address
4DB ranges: —24 to -56DB. y
Sensitive easy-to-read 4%2" 200 micro- City.
amp meter. Zero center position avail-
State Zip.

able. Comprises FET transistor, 4 silicon
transistors, 2 diodes. Meter and tran-
sistors protected against burnout. Etched
panel for durability. High-impact bake-
lite {:aste v;ithK_I;a:dle l_lseali_nfl_e das tinsttn;u-
ment stand. Kit has simplified step-by-

step assembly instructions. Both kit and EEstE%IRD:\:: Mﬁgiugms:r& c,%z’:.‘,
factory-wired versions shipped complete LERAChY oY

with batteries and test leads. 514"H x
634"'W x 2%"'D. 3 Ibs.
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