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Timekeeping Advances

Through COS/MOS Technology

by S.S. Eaton

Most COS/MOS uming circuits consist of three basic
parts: an oscillator, or main timing standard; some dlgml
processing logic, usually in the form of freqy di

F Circuit C
A feedback circuit suitable for use with a paraltel-

circuits; and logic-circuit drivers for mechanical or eiecmcal
output devices controlled by the digital processing logic. The
oscillator is perhaps the most important because the accuracy
of the total COS/MOS timing system is entirely dependent
upon the accuracy of the oscillator. This Note discusses basic

il design d practical COS/MOS oscil-
lator circuits, and some typical COS/MOS timing-circuit
applications.

BASIC OSCILLATOR DESIGN CONSIDERATIONS

A basic oscillator circuit consists of an amplifier and a
feedback section, as shown in Fig. 1. For oscillation to occur,
the gain of the amplifier times the attenuation of the
feedback network must be greater than one. In addition, the
total phase shift through the amplifier and feedback network
must be equal to n times 360 degrees, where n is an integer
These conditions imply that oscillations occur in any system
in which an amplified signal is veturned in phase to the
amplifier inpul after being attenuated less than il was
originally amplified. In such a system, any noise present at
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Basic oscillator circuit.

the amplifier input causes oscillation to build up at a rate
determined by the loop gain, or af product, of the over-all
circuit.

The frequency stability of an oscillator is primarily
dependent upon the phase-changing properties of the
feedback network. For high stability, quartz crystals and
tuning forks are ly used as feedback network
elements. The quartz crystal is the more popular because of
its higher Q or greater inherent frequency stability.

Selaction of Crystal Operating Mode

Fig. 2 shows the equivalent circuit of a quartz crystal,
and Table ! lists typical component values of the elements
included in the equivalent circuit for different crystal cuts
and operating frequencies. The basic circuit can be resolved
ilo equivalent sesistive (Re) and reactive {Xg) components.
Fig. 3 shows curves of these components as functions of
frequency for a typical 32.768-kHz crystal. Fig. 3(b) shows
two points at which the crystal appears purely resistive, (i.e.,
points at which Xe = 0). These points are defined as the
resonant (fy) and antiresonant (f) frequencies. Series-
resonant oscillator circuits are designed to oscillate at or near
f;. Parallel-resonant circuits oscillate between f; and fy,
depending upon the value of a parallel loading capacitor, as
discussed later. In contrast to series-resonant circuits, parallel
resonant-circuits work best with amplifiers that have high

oscillator circuit is shown in Fig. 4. This circuit,
known as a crystal pi network, is intended for use after an
amplifier that provides a 180-degree phase shift. The pi
network is designed to provide the additional 180-degree
phase shift required for oscillation. The phase angle for this
type of feedback circuit is extremely sensitive to a change in
frequency, a condition necessary for stable oscillation. If the
equivalent resistance of the crystal were in fact zero (infinite
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Fig. 2— Equivalent circuit for a quartz crystal,

assure that the transistor sizes are large enough for the
particular supply voltage used and range of threshold voltages
expecied. For any circuit, though, the sum of the threshold
voltages of the n- and p-channel transistors must always be
tess than the supply voltage.

The oscittatar amplifier governs, to a certain extent, the
selection of the components for the feedback network. The

lifier current pticn is sirongly dependent upon
the attenuation across the feedback network. As the
altenuation becomes greater. the signal ai the amplifier input
becomes smaller, which, in turn, increases the amplifier
curienl consumption. Large voltage swings al the amplifier
inpul cause fittde current to flow because the resistance of
either the n- or p-channel wansistor is high duning a large
portion of the cycle. On the busis of power conaderations.
it is best to design the feedback network for a small attenu-
ahon.

RESISTANCE (R ¢)—ONMS

EQUIVALENT CRYSTAL

32.760 2770 32 780 52.790
Table | — Typical Component Values for Common Cuts FREQUENCY — Xz sacs- 20802
of Quartz Oscillator Crystals
°
FREQUENCY | 32kHz | 280kHz | 525kHz | 2MHz © ===
— .
Cut XY Bar | DT DT AT ¥ YT — e -+
Rg (ohms) 40K 1820 1400 82 i‘g . [ e .
w10
L (Hy} 4800 |25 127 052 I E== H
C1 (pF) 000491 [ 00125 000724 [00122) % T i1
Co (pF) 285|562 |344 | 427 FH —
Co/Cq 580 450 478 350 g B
Q 25000 25000 30000 80000
-4 :

Q), a change in the phase angle of the feedback circuit would 1. L . s
not cause any change in oscilt frequency; the freq 105" SIS Sl S S8 I s
herefore, would be i 1o any phase change in the 32.760 32770 ency-xig 2T 32730
amplifier. Though practical crystals allow only a slight i® 2205 20300
change in frequency for large variations in phase angle, the Fig. 3 1 nce characteristics of a quartz oscillator

amplifier phase angle should, to the extent possible, be made
independent of temperature and supply-vohage variations in
order to the phase comp ired of the
feedback . Any required phase co ion will, of
course, dictate a corresponding change in the frequency of

flati i with practical values of crystal Q. For
this reason, the equivalent resistance of the crystal should be
maintained as low as possible, and the amplifier should be
designed o roli off at frequencies greater than the crystal
frequency.

Oscillator Amplitier

Fig. S shows a COS/MOS amplifier circuit that may be
used to provide the ampiification function in a crystal-
controlied oscillator. The amplifier is biased so that the
output voltage VQUT is equal to the input voltage VIN or
typically is equal to one-half the supply voliage Vpp., (i.e.,
VOUT = VIN = VDp/2). Biasing is accomplished by means
of a resistor that has a vajue high enough to prevent loading
of the feedback network, yet that is low in comparison to
the amplifier input resistance. Resistor values of 10 to 500
megohms will satisfy these criteria; however, fower values in
the order of |5 megohms are generally used to allow greater
input leakage withoui any severe change in bias point. The
gain of the amplifier varies with supply voltage, the size of
the n- and p-channel MOS transistors, and the sum of the
hreshold voltages of the n- and p-channel transistors. When

input imped The parallel circuit, therefore, is
most applicable to crystal oscillators that employ COS/MOS
ampliﬁers,l

an oscillator amplifier is designed to roll off at frequencies
@eater than the crystal frequency, care must be taken o

crystal: (a) equivalent crystal resistance as a
function of # y, (b} crystal
as a fi ion of freg ¥.
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Fig 4— Crystal pi-type feedback network.
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Fig. 5— COSMOS amptifier.
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Equivalent Crystal Resistance

The equivalent resistance Rg of the urystal should be
maintained as small as possible in order to obtain minimum
attenuation across the feedback network, For any given
circuit, the oscillator current always increases with a rise in
crystal resistance. This factor and stability derati

Tempersture Stability

Another important 1 id p
ture stability. Most crystals have a negative parabolic
temperature coefficient.? Fig. 7 shows a typical curve of the

ion is

provide stiong arguments for the purchase of crystals that
have low series resistance, although the usual cost tradeoffs
prevail.

Crystal Load Capacitance
Another factor that influences the over-all power
consumption is the size of the pi-network capacitor at the
amplifier output. For minimum current consumption, this
capacitor, obviously, should be kept small. This condition,
however, does not always imply high tfrequency stability. The
chaice of the capacitor value first involves a determination of
the over-all crysial load capacitance. The phase angle of the
feedback network approaches 180 degrees when the crystal
| reactive p Xe is equal to the reactance
(XCL) of a capacitor placed in parallel with the crystal.
Fig. 4 shows that the effective capacitance across the crystal
consists of the two pi-network capaciloss in series. If the
value of the equivalent reactance Xe at the crystal frequency,
as may be determined from Fig. 3(b). is equal wo the value of
the crystal load capacitance Cy , then the equivalent value
of the 1wo series-connected pi- nelwoxk capamurs can be

tculated from the i .

= HwXe )]
The value of the load capacitance CL, in general, is chosen
fitst, and the crystal manufacturer is required to cut he
crystal 10 oscillate at the desired frequency for the specified
value of load capacitance.

The choice of a foad capacitance is important in terms of
aver-all power consumption and frequency stahility. Higher
values of C[, generally improve frequency stability, but also
increase power dissipation. The liming industry presently
seems to have standardized on values of C| between 10 and
20 picofarads,

The choice of the total equivalent load capacitance Cp,
only fixes the series sum of the two pi-network capacitors.

The individual capacitors th Ives can be found from the
following equations:
CT=4CL/(1 - 5fReCL) )
g =4CL/(3 + SIReCL) 3)

The actual value of Cg used in the feedback circuit
should be about 3 picofarads less than the calculated value to
allow for the amplifier input capacitance. The value of the
amplifier output capacitor CT should not normatly be fixed.
A trimmer capaciior should be placed in parallel with, or
used in place of, a fixed output capacitor to allow for
vatiations in stray capacitance and circuit components, The
mid-range value of the output capacitor combination should
be equal 10 the calculated value of CT.

Frequency-Trimming Capabitity

The required capacitance range for the oscillator trimmer
capacitor is determined by the vardation in_oscillation
frequency with a change in load capacilance) The total
frequency-trimming range of a crystal-controtied oscitlator
circuit is mainly a function of the crystal characteristics, or
more explicity, is inversely proportional 1o the slope of Lhe
crystal reactance curve, shown in Fig. 3(b). The slope of this
curve is a function of the difference between the resonant
frequency fr and the antiresonanmi frequency fa. This
frequercy difference, in turn, is a function of the crystal
capacitance ratio  Cq/Cy, where Cg and C are the inherent
shunt and series capacitances, respectively, of the crystal
structure, as shown in Fig. 2. The slope of the reactance
curve is also a function of the total external crystal load

variation in crystal freg as a function of temp
The freg y of the total osullalur circuit afso cxh:blls 2
similar temperature ds d T

of the over-all osclllator circuit can be achieved by use of a
capacitor that has a positive parabolic temperature coef-
ficient in the pi feedback network.3 For comparison, Fig. 7
also shows a typical resultant curve for the over-all circuit.
The temperature characteristics of 2 crystal are deter-
mined to a large extent by the crystal cut. Popular
low-frequency cuts include the NT and XY Bar. The XY Bar
is the more popular of the two types because it can be made
smaller for a given Q and is easier to trim. The disadvantage
of a slightly lower shock resistance of XY Bar crystals is
compensated by the superior aging chacteristics of this type.
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Fig 6~ Freq as 8 f ion of foad cap for a
typical 32-kHz crystal.

AT-cut crystals, when used at frequencies greater than 1 MHz,
are characterized by excellent temperature stability and
ruggedness. Temperature characteristics for this type of
crystal cut as well as for the XY Bar and NT types are shown
in Fig. 8.

Crystal Dimensions

Size is also an important consideration in the design of
oscillator crystals. The length of quartz required for any
given cut is inversely proportional to the square rool of
frequency. Dimensions for a typical packaged 32-kHz, XY
Bar crystal are 0.6 inch by 0.2 inch by 0.11 inch. The
smallest XY Bar crystals currently available have dimensions
in the order of 0.53 inch by 0.2 inch by 0.11 inch. A 1-MHz
AT-cut crystal is significanily larger: however, dimensions
again with f . Crystal f s are
currently working to develop wnstwalch -size AT-cut crystals
with the ipation of circuit imp that wifl allow
jow-current aperation at high frequencies.

Crystal Shock Resistance and Aging Rate

A prime concern of the timing industry today is that of
crystal shock resistance and aging. The aging of a crystal
results primarily from aging of the mounting material rather

Table It — Trimming Data for a Typical 32-kHz

capacitance CL. As shown in Fig. 3(b), this slope d as
the equivalent reactance increases, (i.e., for smaller values of
the capacitance CL). Fig. 6 and Table Il show trimming-range
data for a typical 32.768-kHz crystal that has 2 capacitance
ratio CofC| of 580. These data show that smakler values of
load capacitance result in greater trimming-range capability.

Quartz Oscillator Crystal
LOAD CAPACITANCE, CL
TRIM &pF 115pF 20pF 32 pF
+20PPM | ~0.45 ~1.6 -37 -8.0
+0.51 of +2.0 > 15.5 o +14.7 o
+ 25 PPM -.55 -1.9 -45 —9.4
pf pf pf
+.66 +2.6 4.3 +20.5
+30PPM | -0.66 -2.3 -5.2 ~10.7
+0,79 of +33 o +9.3 ot +27.9 P
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Fig. 8— Fy h. for various

crystal cuts: ral XY-Bar and NT cuts, (b) AT cut.

than from aging of the quartz itself. The mounting material
enters into the crystal equivalent circuil, and the slowest
aging rate results when the mount consists of the least
amount of supporting material. This condition of course,
results in fower shock resistance, and an oplimum irade-off
ot he achieved. At present, 32-kHz crystals can be made
thal can withstand a mechanical shock of about 1500 G's
applic! for 0.5 millisecond and that have aging rates that
vsult in 3 frequency change of 2 ta 5 parts per million for

the first year and essentially no aging thereafter. Any
mechanical or thermal shock, however, will interrupt the
normal aging process. The aging rate of 2 to 5 parts per
million presently appears accepiable to the timing industry,
although shock resistances of 3,000 to 5,000 G's are desired.
This shock level corresponds approximately to the shock
experienced by dropping the crystal from a height of one
meter onto a hardwood floor.

PRACTICAL OSCILLATOR CIRCUITS

The basm amplifier, feedback-network, and crystal
di d in the p graphs can be
combined in the design of COS/MOS oscnllamr circuits. In
the circuits, the crystal selected has an equivalent resistance
Re of 50 kilohms and is cut to operate at a frequency of
32.768 kHz with a load capacitance CL. of 10 picofarads. The
values of pi feedback-network capacitors CT and Cg can be
calculated by use of Eqs. (2) and (3) as CT. = 43 picofarads
and Cs = 13 picofarads. The value of the feedback-network

resistance R can be caleulated as follows:

(3Xe*027 Re) (Xe — 0.8 Re)
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This value is the maximum value of vesistance atlowd for a

ini dback-nelwork att. ion of 0.75, a value
chosen on the basis of power and stability considerations 1
The calculaied value of R inciudes any fixed resistance plus
the amplifier output resisiance. Because the output resistance
is often uppreciable and varies with supply voltage, transistor
size, and threshold voltages, it is generally best to add
resistance experimentally until the desired power consump-
tion and frequency stability are reached. The effect of this
resistance on operating currenl and frequency stability can
be predicted from data given in Table Il for the three
different COS/MOS cryslal oscillator circuits shown in Fig. Y.
In each circuit, the pi-network capacitors CT and Cg are 39
picofarads and 10 picofarads, respectively. These capaci-

require pulses at least every second, minute, and hour. The
necessity for frequency division becomes clear if one
considers the wide variety of timing intervals that may be
required for certain applications.

The basic frequency-dividing circuit, shown in Fig. 11,
consists of a master-slave D-type flip-flop connected as a
binary vounter siage. N stages may be cascaded with the final
output frequency equal to 2-N times the input frequency.
Division by integers other than powers of 2 can also be
accomplished by use of gating techniques. For example, a
divide-by-60 counter implemented as shown in Fig. 12, can
be used to obtatn minutes from seconds.

tances are slightly less than the calculated values because of
stray and amplifier capacitances.
The circuit shown in Fig. %(a) combines the amplifier and
feedback circuits shown in Fig. 4 and 5. Although theory
predicts that an increase in the values of the feedback- RCA J | o
network resistor R will result in increased frequency 2N i T
stability, the circuit performance data given in Table I show SILICON GATE =+ ks -+
no significan! improvement in this characteristic. This result tos
indicates that the circuit instability can be attributed almast Vop
entirely to phase instabilities of the amplifier. This assump-
tion is verified by data taken from the circuits shown in "
Figs. 9(b) and Hc) in which the required feedback-network
tesistance is incorporated into the amplifier as a fixed value. 5w 32.768
The resistors essentially fix the amplifier phase shift so that B KHz
geater stability results. As the data show, use of these TA6ITE _
resistors also results in a decrease in the total current e
consumption. Because of the two fixed resistors, the eircuit 39pF
of Fig. 9(b) shows the least current consumption and also the b 2 -
greatest stability.
Tabte Hi ~ Typical Oscillitor Dats 32.768
P . R e Xz
Fraquency
Cireuit Value of Vpo Current | Stabliity 1
R (Q) (Volts) (A} |Vpp =148V 39 pF T 0ef
0 1.8V
Ha) 1] 1.60 4.0 28 et s2cs- 20800
L [+] 1.45 3.1 i Fig. 9— Typical COS/MOS crystal-oscillator circuits.
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As mentioned previously, the amplifier feedback resistor
should not significanily load the crystal feedback network.
The resistor value at which loading begins to cccus can be
determined from a curve of circuit operating lrequency as a
function ol feedback tesistance. Fig. 10 shows such a curve
for the circuit shown in Fig. 9(b). This curve indicates that
15 megohms is a suitable value for the feedback resistor.

FREQUENCY DIVIDERS

Because of restrictions on crystal size and cost, osciltator
frequencies of 8192 Hz. or higher. are generally used for
electronic timing circuits. The use of such high crystal
frequencies usually requires divisicn of the oscillator fre-
quency to a mote convenient value. Synchronous motors, for
example, are ofien driven by frequencics between 0.5 Hz and
64 Hz. Numenc readouts for digital clocks or wristwatches

Fig. 10— Oscillator frequency as a function of amplifier
feedback resistance.
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Fig. 11— Basic frequency-dividing stage.

A basic block diagram of a typical digital clock that
employs divide-by-60 counters is shown in Fig. 13. The
display for the clock is designed to be multiplexed in that
new information is provided to only one of the six readout
characters, while the eye itself holds the previous state of the
other five. The multiplexing unit consists of COS/MOS
transmission gates controlled by a six-stage ring counter that
also addresses each character sequentially. This type of
circuit is particulardy applicable for driving light-emitting
drode displays.

Light-emitting diodes. as well as other readaut devices,
require some form of driving circwitry which is often unique
to the driven device. Other typical readout devices include

pping motors, bal heel motors, tuning-fork motors,
and liquid-crystal displays.

Mators are frequently driven by low-impedance MOS
transistor drivers. The waveforms required depend upon the
particular type ol motor, Rotary stepping molors require a
pulsed waveform such as that shown in Fig. 14(a}. The motor
advances one position (for example 180 degrees) on each
pulse. Fig. 14(b) shows a COS/MOS circnit that may be used
1o generate this type of waveform. The crystal lrequency and
the number of countdown stages for this circuit determine
the pulse frequency. The duty factor is controlled by two
resettable flip-flops that are clocked inversely by the last
counting stage and reset by an nlermediate stage. The
output waveform from this circuit will have a duty faclor
that is exactly given by 2 ~ N where 1is the aumber of
the intermediate stage used to reset the shaping flip-flops and
Nis the wotal number of frequency-divider stages.

A tuning-fork motor consists of two coils wired in senes
and wound on either side of the tork. A subdivision of 1he
crystal trequency drives the coils which electromagpetically
vibrate the tork. The fork can be linked to an index wheel
that, in wen, can drive the hands of a waich

A balance-wheel motor consists of & coil lixed near the
periphery of a pvoted balance wheel, Pe:manent magoets are
atlached to one side of the wheel and counterweights to the
other. The cail can be energized by pulses supplied to the
gate of an nchannei MOS transistor with the coil connected
hetween the drain and the supply voltage of the transistor
When the coil is energized. the balance wheel swings toward
the coil. The momenium of the wheel maoves it beyond the
cort, and spring ackion then forces 1t back. Repeared cyiles
generaie u back-and-forth type motion whizh can be finked
tw a wheet fur driving the hands of a wateh or dock

Seven-segiient liquid-crystal numerals can be driven as
shown in Fig 15, An ac voltage is required across each

segment of the display to assure tong life. For this purpose, a
60-Hz7 square wave is apphed to one input of each of seven
exclusive-OR gates. The logic state present at the other input
determines whether the segment will transmit or scatter light,

Liquid-crystal displays can be made lor operation in
either transmissive o1 reflective modes. The transtmssive
mode type requires a light source behind the display. The
light witl either be transtutted or not depending upon the
voltage across the <epment. In the reflective-mode tvpe.
ambient light can be scattered by the liquid crystal material,
or teflected from a murrored surface placed behind the
aumeral. H displayed correctly. excellent contrast between
“on” and “off” segments cun he ubtained when reflecting or
scattering only ambient light.

The light scattering properly ol ligud-crystal displays
olters two mgjor sdvantages. First. the problem of washout in
high intensity light is prevented. Washout has always heen o
problem with light generating displays. Second. because the
displays do not generate hight, they require negligible power
in (act, liquid crystals require the least amount of power of
any currently available type of display,4

Light-emitting diodes are somewhat simpler to dnve than
liquid crystals because signals 1o individusl segment and/or
numerals can be easily multiplexed. ¥ig. 16 shows a typical
multiplexed driving circuit. The n-pn transistor. which is
common to the athude of all segments in each numeral, can
be turned on to address only ane particular numeral, The eye
will hold the reading from all oft segments long enough for at
least six numerals to be muktiplexed.
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Wristwatches
| In any wristwatch application, size and total operating
— current are perhaps the two most important considerations
m m n The total timing circuitry, together with the battery and
readout device, must it into a relatively fixed size and have a
Y current consumption small enough to allow at least one year

of life. Size and power considerations also become important
in crystal selection. The size and cost of a crystal decreases
with increases in frequency up to about | MHz. The power
% :D‘)_'DG consumption of the oscillator and counter increases with
o frequency. On the basis of these considerations, the most
popular crystal frequency for wristwatches at present is
32768 kHz. Typical packaged sizes for this crystal and

as A}«.cu % oy various available crystal oscillator circuits were discussed in

an earlier section of this Note.
o, s The chowe of a readout device also involves considera-
ey Q7 tions of size and power as well as, of course, marketing

92¢5- 20498 considerations. If conventional-hand movements are chosen.
Fig. 12— COS/MOS divide-by-60 counter. a motor type of drive must be selected. No great size
advantage cxisis over any of the various motor types used in
this type of application. In addition, all types can be
designed tu operate from 1.1 to 1.6 volis with average
current consumptions of about 10 microamperes. Sensitivity
1o vibration, however, is one separating characteristic.

5 l (.71 I lY'GOJ

. 2 .
sozsfu; KHz T+ ) SEC ugm 15::1 SEC ‘fmm (mm u(mﬂs Although balance-wheel motors can be designed to compen-
H o
TENS (MR sate to a certain extent for speed variations produced by
1024 #z ! l } l L vibrations, the stepping motor, which is insensitive to

vibration, remains superior in this respect. At present,
ux however, the stépping motor is the more expensive of the
two types.

Light-emitting diodes require a minimum of two battery
cells for proper operation. The requirted current can be kept
to about 2 milliamperes per segment when the diodes are
pulsed from a six-stage ring counter, as shown in Fig. 13, A
duty factor ol 16 per cent is achieved with this arrangement.
Because of the high currént, however, a continuously
operaling battery-powered display is not possible, and a

COUNTER AND

]
DECODER *
3

170 Mz, 1/& DUTY FACTOR
SIGNALS FOR ADDRESSING
NUMERALS

TG SEVEN SEGMENTS OF

All DISPLAY NUMERALS “readout on demand” watch is then necessary.
9205 20497 Continuously operating  liquid-crystal  displays are
Fig. 13— Typical COS/MOS digital clock. possible and practical. RCA wristwatch displays employ

tiquid-crystal material having resistivities of about 5§ x 109

ohms per centimeter, which at a 0.5-mil spacing results in g

resistance of 6.3 megohms per square centimer. With all

segments energized, the display consumes only about 1

REOUIRED DRIVING WAVEFORM microampere of current at 15 volts. Liquid crystals, however.
ACAOSS STERPING MOTOR require a minimum supply of 12 volts to assure good contrast
between on and off segments. For single-cell operation, a
de-to-de converter must be used (o siep the voltage up to the
required 12-to-15-volt level. Transformer and capacitor
voliage-doubling circuits with conversion efficiencies of

¢ o about 75 pec cent are typically used for this purpose.
_ Because current consumption is such an important
# -9 A consideration for wristwatch vircuits, the careful considera-
tion given to the choice of a battery is easily understood.
£ STAGE poron Small silver-oxide and mercury cells are presently popular for
+ 0 wristwatch use. Pertinent information on these types of
B
$,0

A ___..h 1 - JE “ X} AVERAGE VULTAGE
- [P ya— i AMENT 4 ACROSS ANY SEGMENT
60 H: ! SEGME voLTs
] 1 I | SQUARE [N &
L] WAVE TR AR g
BT Toe T a2® 9265 - 20493
[ !
Fig. 14— it of required tor waveforms: (a) required driving
waveform scross stepping moror {b) COS/MOS driving circuit and output £Ro z
. ]
waveforms applied to motor contro! winding. F3ta 2
DECODER 3
z
3
3
2
8
COS/MOS TIMING-CIRCINT APPLICATIONS e\ A A e
The choice of a readout device depends, of course, upon
. ) . '
the application involved and to a certain extent upon the e AAA——
individual characteristics of the device itsell. Special L
considerations for readout devices are perhaps best treated in . S — \>‘“ e e oA
a discussion of special requirements for three important S S a—
timing-circuil  applications, namely, wristwatches,  wall ¥7C5-20498
clocks, and aulomobile clocks. Fig. 15—~ COS/MOS liquid-crystal driving circuit.
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Fig. 16— Multiplexing driving circuit for light-emitting diodes.

Mallory ceils is shown in Table IV. Most of the cells listed
will Jast at least one year with a motor current of 10
microamperes and a total oscillator and divider current less
than 5 microamperes at an osciltator frequency of 32.768

display having a 0.4-inch-by-0.6-inch numeral consumes only
100 microamperes of current with all segments energized.
Motors for driving the clock hands are typically of the
balance-wheel or continuously rotating synchronous types.
y to vib is usually not a restriction; hence, the

kHz, The voltage for both types of cells is 1

during the active life listed and falls off rapidly thereafter.
Typical end-of-life voltages at 1.1 volts for mercury cells and
1.45 volts for silver-oxide cells. Either type of cell works
equally well with RCA silicon-gate COS/MOS circuits which
operate from supply voltages as low as 1.1 volts.

Watl Clocks

Size and power limitations for clocks are not as
restrictive as those for wristwatches. For this reason,
lower-cost, higher-frequency crystals may be used. The
optimum range of crystal frequencies presently appears to be

Table VI — Life Deta for Typical Batteries
Eversady Matiory Life
Type# | Typus | S e ) Cwn
216 M15F AA Carbon- 150
Zine
E91 MN1500 | AA Atkaline 200
935 MI14F c Carbon- 385
Zinc
€93 MN1400 | C Alksline 576
950 M13F ] Carbon- 800
Zinc
EQS MN1300 3] Alkaline 1100

All life data assumes a continuous drain of 260 uA and an
end-of-iife voltage of 1.1V,

For minimum starting voltage, relatively small capacitors
should be used in the pi-feedback network, and no source
resistors should be added to the amplifier. As indicated by
data taken on the circuit shown in Fig. %(b) and shown in
Table VII, low power can still be maintained even when the
source resistors are not used.

Table Vil — Typical High-Frequency Data for

from 131 kHz ta 524 kHz. All the oscill ions

given previously for operation at 32 kHz apply equally well
to this higher frequency range. Ths oscillator circuit
configuration shown in Fig. %(b) is still the optimum type;
however, the value of the source resistors must be decreased
to assure adequate gain at the higher frequencies. Source
resistors are often best chosen experimentally by gradually
increasing the resistance until an output voltage swing of 30
to 70 per cent of the supply voltage VDD is reached. Data
taken from a typical 262-kHz oscillator circuit that employs
two 10-kilohm source resistors and a DT-cut, 262-kHz crystal

balance wheel motor can be successfully used in place of the COS/MOS Oscillstor and Counter
more expensive stepping motor. Clock motors typically Circuits {Low-Voltage Product)
require about 300 to 450 microwatts of pawer, or average
currents of 200 to 300 microamperes at 1.5 volts. Oscillator | Counter | Motor
These currents, together with the oscillator and counter VDD Freq. Current | Current | Current
currents given in Table V. can now be compared wnh (Volts) (MH2) (mA) (mA) (mA)
typical battery cap Battery infi ion extrapol
from published Eveready data on popular AA-, C-, and D-size [ 1 0.28 0125 | g
cells is listed in Table V1.5 Most of the battery current is 12 1 13 0275 | 2.5mA
consumed by the motor, and if a total current of 250
microamperes is assumed, the data show a carbon-zinc C cell 5 2 0.37 0.260 | 12v
as the size battery required for ane year of life. 12 2 15 0.550 5-10 mA
Auto Clocks 5 3 0.40 0375 | gy
Auto clock circuits are somewhat unique in that power 12 3 19 0.825 318 mA
considerations are not nearly as restrictive as in other 5 3 043 0500 | 12v
portable applications. Although the low-power feature of 820 mA
COS/MOS circuits is helpful, the main advantages obtained 12 4 23 ti

Table V — Typical Data for 262-kHz Oscillator
and Countar Circuits

The upper limit of the crystal frequency depends not so
much on power consumption as on the minimum supply
voltage allowed for circuit operation. The minimum auto-
mobile battery voltage is generally considered 10 be $ volts:
however, the supply voltage for the timing circuit can be
considerably less than this value depending upon the design
of the transient protection circuit, as discussed later. Table
VIIE lists minimum COS/MOS supply voltages for typical
oscillator circuits. The values shown permit design at !wo
temperatur:s The lower ure is ofien idk

o by auto - with the opinion that the
minimum battery voltage of 5 volts rarely, if ever, occurs at
high temperatures.

The oscillator in a typical auto clock circuit is followed
by a number of frequency-dividing stages, the last stage of
which is frequently used to drive a motor. Long counter
chains are required because of the high oscillator frequency;
however, the power dissipation of COS/MOS circuits is so
low that the number of stages is only restricted by chip size

limitations. Because COS/MOS circuits consume current only
during switching transitions, each counter stage averages
one-half the current of the previous stage. The first counter
stage, therefore, consumes as much current as all of the

X ) Oscillator | Counter Freq.
are shown in Table V. The table also shows typical counter Product Vop Current | Current | Stability
current. {Volts} WA (A {ppml

The most popular readout devices for clocks are
conventional-hand muver_ncnts m§ qutiid‘crysul displays. Silicon-Gate 11V 7
Conti ly operating light-emitting-dicde numerals con- " 2.0 ppm
sume too much current even for long life of C- and D-size 13v 95 g 1.4
batteries. In contrast, a typical RCA four-digit liquid-crystal ” 1.5V 115 10 12
" 1.8V 12.5 1 )
Low-Voltage 2.2v 21 10 18
Table IV — Typical Data for Matlory Watch Calls ’
" 3.0v 35 13
[E—
Capacity | Height | Diameter
T
ype Voltage HA yrs. (in.) (in.}
from the use of COS/MOS in automobile clacks, or in any
WH3 1.35 25 0-208 0.455 automotive application, are those of wide operating voltage
WS 14 156 19 0.210 0456 and te.mpe.rature ran»ge»and high noise lmmuml‘y. )
Type A With tittle restriction on power, the choice of a crystal
w4 135 1n 0.139 0.455 depends mainly on cost. Crystals typically used for auto-
mobile timing applications are AT-cut types that operate at
wsi 1.55 n 0.164 | 0455 frequencies between | MHz and 4.2 MHz. The oscillator
108101 135 36 0.190 0.610 considerations discussed earlier also apply to these frequen-
(EXP) cies; however, as the freq Y it b
10019 increasingly difficult to maintain a low starting voltage at a
(EXP} 155 27 0.190 0.610 low current. At high frequencies, the starting voltage and
current are inversely proportional and are controlled mainly
wD4 1.36 14 0.149 0.594 by the values of the capacitors on the pi-type feedback
WDS 1.36 23 Q.110 1.003 network and the size of the COS/MOS amplifier transistors.

foll g stages bined for a counter of infinite tength.
Little difference, then, exists between the power consump-
tion of a ten-stage or thirty-stage COS/MOS counter. Table
VII lists, in addition to the oscillator current, typical values
of counter current, as well as some typical ranges of peak and
average motor currents.
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Current data, such as that shown in Table Vi, are
necessary for a proper design of the transient protection
circuit, an essential part of any automobile digital logic
system. Automobile manufacturers disagree on the maximum
amplitude and decay of transient voltage; however, values
often used are maximum transients of +120 volts and —-90
volts, each decaying exponentially with 2 maximum time
constant of 45 milliseconds. Because standard COS/MOS
circuits are rated for a maximum supply of 15 volts, a
protection circuit must be included between the battery and
the COS/MOS logic.

Table VH{ — Minimum Operating Voltages for
COS/MOS Integrated Circuits

ICAN-6086

In the design of a 1ypical tri oltage pr

dy i for two diodes is found to be 17.6 ohms

circuit, it is assumed that the minimum battery voltage is §
voits, that the minimum circuit operating voltage is 3.5 volts
at a crystal frequency of 3.145728 MHz, and that a peak
current of 3 milliamperes is obtained at § volts. The value of
the resistance R is then found as (5 ~ 3.5 + 0.7)/3=250
ohms. With a minimum cusrent of 5 milliamperes at 12 volts,
the minimum zener voltage becomes 12 — 5(0.250) = 11.75
volts. For a +120volt transient, the zener couid then
consume a peak current of (120 — 11.8)/250 = 0.4 ampere.
For a maximum zener voltage of 13 volts, the dynamic
impedance of the zener must be less than (22V —~ 13V)/4A =
22 ohms. Components chosen in this manner will provide
- p ion fo anticipated .

Low-Voitage Product Siticon-Gate Product
Freq.
(MH2) 1 2 3 4 1 2 3 4
Min,

Voltage | 29| 3.1| 35| 40| 16| 20]26] 3.0
at 259C
Min.

Voitage
at 829C
180°F

3.0|33 40 (50| 18] 263440

Fig. 17 shows a transient-voltage protection circuit that is
frequently used. The zener diode regulates the voltage supply

for the clock circuits, and the capacitor and series diode
prevent timing losses during negstive transients. For mini-
mum zener current during transients, the maximum vahue of
R should be based on the minimum circuit operating voltage
and the peak current drawn by the logic circuit and motor at
the minimum battery voltage. The minimum zener break-
down voltage is then determined by subtraction of the
product of the minimum current drain at the normal battery
voltage and the value of R just chosen from the battery
voltage. A zener breakdown greater than this voltage assures
that no unnecessary current will be drawn by the zener
during normal automobile operation.

BATTERY R

2264~ 20812

Fig. 17— A i ient.p

circuit,

Another important zener characteristic s dynamic
impedance. During a cument surge, the voltage across the
Zener must not rise {0 2 damaging level. A value of 22 volts
for the 45-millisecond time constant appears safe for
standard COS/MOS circuits.

Both p ion-circuit diodes can be integrated onto the
COS/MOS chip. When located as shown in Fig. 17, the series
diode need only have a breakdown rating of about 12 voits.
Zener diodes that have breakdown ratings of 4.5 to 6.0 volts
or any muitiple thereof can aiso be integrated onto the
COS/MOS chip. The breakdown rating can also be increased
in 0.7-volt steps by addition of forward-biased diodes in
series. Characteristics of twa typical zener diodes integrated

lotal or 8.8 ohms per diode. The diodes are rated to
withstand a O.S-ampere surge cumrent that decays with an
80-millisecond time constant. The zener diod.e. thcn, is
patible with present
and integration of this component should represenx a
iderable cost saving, fly when integrated with the

P

series diode.

Other Applications
Although wristwatches and clocks of various types are
important applications of COS/MOS timing circuits, they are
certainly not the only timing applications which can benefit
from the unique features of COS/MOS logic. Applications
such as fuze timers, feeding systems, automatic sprinklers,
incubator timers, and other similar systems can be designed
from information provided on the oscillator and counter
wnh only the oulput device unique to the particular
lications for COS/MOS circuits
ue almost endless. One can thmk of speed controllers, digital
speedomems miles per pllon indicators, and perhaps even

in series are shown in Fig 18. Fig. (3(a) shows the area
around the *knee” of the breakdown region, and Fig. 18(b)
shows the higher-current region useful for determining the
dynamic resistance. From the slope of the line, the tygica!
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Fig. 18— Oscillograph tracings sh of an

integrated zener diode: (a) lnw~currum region; (b)
high-current region.

ti f-arrival i that, on the basis of the
given total mileage, would update the time on u dynamic
basis from information provided by the speedometer,
odometer, and clock.

CONCLUSIONS
The pnmary ndvumge of electronic timing circuits over
i} hods of timek lies in the

greatly increased accuracy permitted by the highly stable
crystal-controlled oscillator circuit. Although crystal oscil-
lator circuits have existed for some time, their usefulness in
portable applications has been somewhat limited because of
the high current ired by the following
digital logic. The advent of COS/MDS integrated circuits now
permits the design of complete Jow-power timing systems.
The impact of COS/MOS on timing applications is perhaps
equalled by the recent development of liquid-crystal displays
and dc-to-de converters that allow low-power continuously
operating digital displays. Certainly, no great technologicat
barriers now exist for the use of electronic timing circuits in
a wide variety of applications. The search, no doubt, will
always continue for the ideal timekeeping device; however, it
should be apparent from the information presented that the
ideal timekeeping unit can now be more closely approached
than ever before.
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