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1-------25 INCHES-------+I

/' --­"LA ZY
SUSAN"
TURNTABLE

1-.---'19 INCHES----1

MAIN BODY SHELL

FIG. 13-THE HEAD or sensory platform rests
atop the ma in body shell and rotates indepen­
dently of the body and of the TV cameras that
serves as the robot's eyes .

TABLE II

I. Overseer pr ocessor
A. Receives Instructions from

humans
1. Voice
2. Keyboard
3. Overr ide (panic)

B. Respond s to alarm conditio ns
1. Collis ion
2. Entrapment
3. Low energy

C. Sets immed iate operat ional
goals
1. Respond s to instructions ,
2. Responds to alarm cond itions
3. Maps Immediate area

a. Analyzes visual inputs
b. Analyzes contact inputs

4. Learns about new objects
a. Learns to recogn ize by

sight
b. Learns to recogn ize by

name
c. Asks questions, may

format answers
5. Searches for and locates

known ob jects, enhances
map

6. Learns new operations (e.g.,
vacuuming rug or pour ing a
cola).

7. Performs subset of known
operat ions

II. Intelligent peripherals
A. Visua l subsystem

1. Obstacle recognit ion
2. Free path recognition
3. Object recognition
4. Range calculation
5. Mapping input

B. Drive subsystem
1. Colli sion, obstacle avoidance
2. Mapping
3. Navigation
4. Drive motor control

C. Speech recognition subsystem
D. Speech synthesis subsys tem
E. Left , right manipulator control

subsystem
F. Future features

a SODAR rangi ng device, and possibly a
speaker, and speech synthesizer, the en­
closure may prove to be more trouble
than it 's worth .

Distributed intell igence
Before a word is said about the follow­

ing approach to provid ing intelligence
and control to a machi ne, you must
understand that such infor matio n is en­
tire ly spec ulative . We, at least , have yet
to prove it in hardware. Perhaps you' ll
beat us to it.

T he basic theory behind our approach
is that no reasonab ly small, reasonably
affor dable computer available now or in
the near future is smart enough, or fast
eno ugh, to handle all of the informat ion
analys is and control systems an android
requ ires without botching the job badly
and often.

We resort instea d to multiprocessing.
Here, relatively inexpensive single-IC mi­
crocomputers are used to simplify the
overall task by providing preprocessing at
each of the I/ 0 (input/out put) on-board
" per ipher als."

(We're planning on the CMOS versio n
of the 8048/803 1 family now being int ro­
duced by Int ersil, who are inte rested in
supporti ng our one specific effort with a
generous amount of hardware and soft­
ware cooperation.)

Thus the visual subsyste m, for exam­
ple, prov ides data to the centra l "over­
seer " contro lling processor at a rate and
level of complexity equivalent to, say, a
keyboard.

Table II gives an outline of the tasks
for each of th ose centers of intelligence,
each of which may also be using more
than one processor. We would prefer to
bui ld and test the subsyste ms to prove
them out before going into any furth er
detail.

A definitely un-final wo rd
There is no area of robot or android

design where there isn't tremendous
room for impr ovement. The cont ribu­
tions of innovative hobbyists can inspi re
enormous advances in thi s technology.
And there is no detail of design or tec h­
nology too small for your attention to it to
be welcome.

Th e andr oid we hope to watch develop
from the gro undwork you see here will be
an infant. Your dog will have more intel­
ligence, more agili ty, and possibly more
practical value .

Un til, that is, someone suggests some
imp rovemen t to our design, or some
applicat ion of it to improve the nonhu­
man conditio n.

W rite us. Sugges t tec hniques or hard­
ware. Sugges t tasks for robots or androi ds
to per form . Be supportive or cr itical. Tell
us whether or not you're interested in
more informati on on androids and robots.
Or have your andro id write us. Th e day
isn't all that far away . R-E

5wit
ROBERT FROSTHOLM*

TWO PREV IOUS ARTICLES ON SWITCHING

Power Supplies (June and Ju ly 1979
issues of Radio-Electronics) dealt with
the basics of switching regulator theory
and presented several typical circu its us­
ing IC's for basic DC-to-DC conversion.
T his ar ticle will prese nt a universal regu­
lator that can be progr ammed with simple
jumper wires for step up, step down, or an
inver ting output. It is much more than
the simple DC-to-DC converters dis­
cussed earlier. Thi s approach to switching
regulator design incorporates all the es­
sential protection and control circuit ry
needed to maintain high efficiencies and a
fully protec ted system.

Th e heart of the design is a new
Switched Mod e Power Supply Control
circuit, the S ignetics NE5560N . Unlike
the simple DC-to-DC circuits on the
mar ket , this IC was developed as a "Pow­
er Supply Syste m Contro ller." Th e fol­
lowing descr iptio n will bare this out in
detail while providing insight into the
opera tion of the regulator.

Figure 1 shows a block diagram of the
N E5560. A qui ck glance tells you it' s
much more than a DC-to-DC circuit. Th e
oscillator consists of a high ly stable saw­
tooth generator. Th e frequency is deter­
mined by an external resistor and externa l
capacitor connect ed to ground from pins
7 and 8. The operating frequency range is
specified from 50 Hz to 100 kHz al­
though most N E5560N's will operate up
to 150-kHz. T he regulator described here
uses a 20K resistor and .003 j.t F capacitor
to achieve an approx imate 30 kH z oscilla­
tor frequ ency, well above the audio
range.

T he capabi lity of high-frequency oper ­
ation is import ant for several reasons.
Firs t , the threshold for new techn ology
for high-speed switching transistors has
been reached. VM OS devices are now

'St rategic Mark et ing Manager, Standard linear
Product s, Signetics Corp . Sunn yvale, CA .
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ching Regulat.or
The switching-type voltage regulator offers much greater efficiency than
conventional regulated supplies. This design lets you invert the
output polarity or program the output for step-up or step-down.
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maximum duty-cycle 8 of the system.
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FIG. 3-THE FALLBACK minimum duty-cycle
is a fun ct ion of the or iginal maximum duty­
cycle and the total resistance of R1 and R2.

(p in 2) to pin 6 and pin 6 to ground . Thi s
technique takes advantage of anothe r pair
of resistors interna l to the NE5560 that
then form a bridge with the two externa l
resis tors and biases pin 6 with a stable DC
voltage. Thi s configuration allows pin 6 to
also be used to set a mini mum dut y cycle
when a loop fault occurs. Resisto rs R I
and R2 have been selected at 10K. These
may be modified to experiment with dif-

For th is reason it is import ant to be able
to control the maximum dut y cycle. Ap­
plying a DC voltage to pin 6 of the
NE5560 controls the duty cycle maxi­
mu m limit. Th is relationship is illustrated
in Fig. 2.

Establishing a maximum dut y cycle is
best done with a resistor divider from v,
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DEMAGNETIZATION!
DVER·VOLTAGE

PR OTECTION
13

the switcher to the horizontal deflection
signal to min imize noise and beat signal
pro blems .

There are two basic techniques to vary
output pulses to the switching elements.
Many DC-to-DC converters use a fre­
quency-modulation technique that is easy
to achieve but hard to control. The sys­
tem described here uses a pulse-width
modu lation scheme that allows precise
cycle-by-cycle control of the output. Th e
duty cycle range of the NE5560 is 0 to
98%.

With pins 5 and 6 not connected and a
low feedback voltage on pin 3, the outp ut
pulse will have approximately a 98% dut y
cycle . In switche d-mode power supp lies,
lar ge output duty cycles can cause prob­
lem s, especially in forward converters
(see box) where du ty cycles in excess of
50% can cause the magnetics to satura te.

FEED
FORWARD

16

FEEDBACK
VOLTAGE

GAl N...2..:-+~--+----<""""'-;

MO DULATOR I
INPUT I

DUTy-,,:6---I-----.......- .......----1~--t-_,
ADJUST I

CYCLE I
10.6V +

I
I

CURRENT 111
SENSE-'-'-:-.......----1
INPUT I

I -
~6V _

---10 ­
RE MOTE
ON!OFF

FIG. 1-BLOCK DIAGRAM of the con t rol ci rc uit shows the arr ay of protective circui t features.

commercially available along with fast­
recovery diodes mak ing extremely high
power switching regu lators sma ller, light­
er , and less expensive than ever before .
High-freq uenc y operation also means
small energy storage elements i.e. great ly
reduced magnetic s (transformers and
chokes) resulting in further size , weight
and cost reductions.

The ability to synchronize the oscilla­
tor to an external TTL signal is important
in switching power supply design . Al­
tho ugh it is not necessarily applicable in
this project, the pin is available and
brought out on the board for experimen­
tat ion purposes. The oscillator can be syn­
chronized to a freq uency lower tha n the
free-runn ing frequency as determined by
the externa l resistor and capacitor con­
nected to pins 7 and 8. For example, in a
video disp lay system it is desirable to sync
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TO PWM MOO. INPUT RE MOTE ON/OFF

FIG. 4-STEP-UP CONFIGURAT ION . Out pu t volt age V out is 24 vo lt s and can be adusted by ch anging
t he value of R5. Out put ch anges 1 vo lt for every 1000 ohms chan ge in R5. '

completely protected loop. If for some
reason the loop opens, an internal current
source pulls pin 3 voltage up giving the
false impression that the output voltage is
high. Thi s informatio n is then delivered
to the pulse-width modulator and the
dut y cycle is reduced to a safe level pre­
venting a runaway cond ition.

A second safety feature on the loop
prot ect s the system in the event the feed­
back loop someh ow gets shorted to
ground. In this case an internal compara­
tor senses that the amp lifier input (pin 3)
is below 0.6 volt. This too reduces the
duty cycle by affecting the pulse-width
modulator. A short ed loop also results in
the soft -start capacitor being discharged
th rough an internal 1K resistor. Th is
short remai ns as long as the voltage on pin
3 remains below 0.6 volt. Th is results in a
greatly reduced duty cycle (a function of
the forced voltage on pin 6) further pro­
tecting the switc hing power sup ply.

R3 01
VIN l K - BYW29 Yo ur

C.F. LINK R7 R9 L1
3.6K 2K .9mH + C2

16 1470ILF

15
R6

lOOK 3 R5
4 20K

R1 C3 5
ICl

10K * .003
NE5560

6 R4
7 3.6K

-=
8

R2 + C1 R12 C4

-=
10K 1471-' F

-=
20K1.003

EXT SYNC

-=

PARTS LIST
Resistors v,watt , 10% unless otherwise Q2-2N3638A

noted Q3-2N2222A
Rl , R2-10,000 ohms Miscella neous-double-sized PC board , 3
R3-1000 ohms feet of No. 18 enameled magnet wire,
R4, R7-3600 ohms nylon sc rew and nut for mounting L1.
R5, R12-20,000 ohms Note: A kit of two 2213 PLOO-3C8 pot
R6-100,000 ohms co res (two are required for one en-
R8-8200 ohms closed inductor) and a 2213 F1Dbobbin
R9, R13-2000 ohms is ava ilable for $3.00 inclUding postage
Rl 0- 180 ohms and han dling, from Elna Ferrite Labs,
Rll-68 ohms PO Box 395, Woodstock, NY 12498.
R14-360,000 ohms A complete kit of parts (No. SMP-1)
R15-R18-2.2 ohms to build the power supply as described
Cl-47 ILF, 16 volts, electrolytic is available for $36.50. A boost kit No.
C2-470 ILF, 50 volts, electrolytic SMP-2 includes higher power drive
C3-C5-.003 IL F disc transistors and larger pot core for con-
Dl-BYW29-150 (Amperex) or equ ivalent verti ng the bas ic SMP-1 for approxi-
IC1- NE5560 N(Signetics) mately 3 amperes output; $13.50. Cali-
L1- 0.9 mH inductor (Ferroxcube 2213 fornia res idents add 6'/,% sales tax.

PLOD-3C8 pot core and 2213 F1D Order these kits from Advanced Analog
bobb in) Systems PO Box 24, Los Altos, CA

Ql-BU407 (SGS) 94022. Phone: (408) 377-7148.

prevent this prob lem. A simp le CMOS
counter can be used to sense hiccups by
connecting the input to the slow-star t
capacitor (CI) , programming for some
number of counts (i.e. 5, 10 etc.) and the
outp ut can then be connected to pin 10.
Th is way with a permanent major fau lt
the entire system will be shu t down after
say five hiccups.

Switching-power supplies use feedback
techn iques to sense what 's happening at
the out put and interna lly correct for any
deviations that may be detected. An error
amp lifier is provided on the NE5560 to
sense the outp ut voltage sampled through
R3 from the divider R4-R5 (see Fig. 4).
T he gain of the erro r amplifier is con­
tro lled by the feedback resistor R6. Ca­
pacitor C3 is for loop compensation. Typ­
ical open-loop . gain of the error -sense
amp lifier is 60 dB.

Special protection features not found
in any other control circuit in~lude a

ferent du ty cycles so long as two basic
cri teria are kept:

1. The duty cycle must be large
enough to insure that at maxi­
mum load and minimum input
voltage, the resulting feedback
voltage to pin 3 must exceed 0.6
volts .

2. It must be sma ll enough to limit
the amount of energy to the out­
put st age when a loop-fault oc­
curs .

The relationship of the minimum duty
cycle and maximu m duty cycle to the val­
ues of R I and R2 is shown in Fig. 3.

Another cri tical featu re of switched­
mode power supply design is to be able to
control the duty cycle during " power up"
conditions- to gradually increase the
amount of power to the load until full
output is reac hed. An electrolytic capaci­
tor from pin 6 to ground will provide this
function . Du ring "power up" C I (F ig. 4)
is init ially discharged. Whe n power is
applied C I begins to charge through R I
and the voltage on pin 6 gradually
incr eases to its final value (deter mined by
RI and R2).

Capacitor C I serves another importa nt
function; that of protecting the enti re sys­
tem when an over-cu rent condit ion exists.
Th e output current is monitored by pin
lI on the N E5560. Thi s pin senses a rise
in voltage across a se nse resi st or
(R 15-R 18 in parallel) indicatin g a rise in
current. Thi s feature can be examined in
the step-up configura tion (F ig. 4).

In actua lity four 2.2-ohm resistors are
used in parallel in this application so that
you can expe riment with the over-cur rent
protect ion feature of the lC, With only
one of the 2.2-ohm resistors in place, the
effect of increasing the load current (re­
ducing the load resistance) increases the
voltag e on pin II greater than .48 but less
than .6 volt. Thi s act ivates an internal
comparator that in turn rese ts an internal
latch and shuts off the pulse to the output
switch. The featu re of cycle-by-cycle con­
trol reduces the duty cycle of each pulse
individually. Th e new duty cycle is a
funct ion of how quickly the over-current
condition can cause a grea ter than .48­
volt drop across the sense resistor.

By redu cing the sense resistance (add­
ing the other three 2.2-ohm resistors) the
voltage sensed will now exceed .6 volt
that activates another comparator inter­
nal to the NE5560 which in turn sets a
latch that completely inhibits the output.
Th e lat ch also turns on a trans istor whose
collector is connected internally to pin 6.
Thi s discharges C 1. When the voltage on
C I drops below .6 volt, another compara­
tor resets the latch. Capacit or C I then
begins to charge creat ing the soft-start
effect of gra dually increasing du ty cycles.
If the fault condition remains the proce­
dure repeat s itself. Thi s is called the " hic­
cup mode." In major systems it is not
advised to let a system oscillate in the
hiccup mode for long periods of time.

Use of th e remote on/off (pin 10) can
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FIG. 6-INVERTING CONFIGURATION. Output voltage polarity is opposite that of the input. This
circuit delivers - 5 volts.

TD PWM EXT SYNC REMDTE DN/DFF
MDD INPUT

FIG. 5-STEP-DOWN CONFIGURATION. Output is approximately 3.75 volts. Substitute a resistor for
the shunt and output can be increased by 1 volt for each 1000 ohms of resistance inserted.
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Construction
Thi s switching regulated power supply,

although designed primarily as a learning
tool to familia rize oneself with the thr ee
unique modes of operation, does have
practical applications as a suppl y. Both
the switching transistor QI (BU407) and
the switching diode DI (BYW29) are
capable of switching currents in excess of
5 amps at voltages greater than 100
volts.

Th e actual current capabilities of the

Voltage-fed and current-fed modes
The NE5560 operates with either a

forced voltage or forced current as the
primary power. In the current-fed mode
where V;n is great er than 30 volts, a series
resistor (or current source) is placed
between the power source supplying the
device and pin I. [The current-fed (CF)
link is removed and replaced by the resis­
tor.] Thi s resistor or current source must
be select ed to provide a minimum of 10
rnA and a maximum of 30 rnA. An extra
capacitor from pin I to ground may be
needed to filter noise.

When operated in current-fed
mode, an internal shun regulator limits
the voltage on pin I to about 23 volts­
this voltage varies from one IC to another
and ranges from 20 to 30 volts.

In the voltage-fed mode supply voltage
V ;n must be greater than 9.5 volts (to
make the IC active) and less than 18 volts
to guard against exceeding the shunt reg­
ulator's 20-volt maximu 't.With V ;n con­
nected to pin I through the CF link. In
this mode the IC draws about 8.5 rnA.

Remember that any current drawn
from pin 2 (V,) must ultimately come
from pin I and should be added to the 8.5
rnA.

ward-converter tran sformers. Pin 13 is
used to sample the voltage present in the
transform er. Again its output is a com­
parator with a 0.6-volt threshold which,
when activated, will completely inhibit
the output pulse until the saturation
problem goes away and the voltage drops
below 0.6 volt.

Since switc hed-mode power supplies
opera te at extremely high efficiencies
they can easily control very high power
systems where low voltages are not neces­
sarily available to power the NE5560.
Thi s potential problem is overcome due
to a uniqu e ability of the NE5560 to
operate in either a voltage-fed (conven­
tional operati on) or a current-f ed mode.
When only high voltages (30 volts or
above) are available, the IC can be cur­
rent-driven through a li~ng resistor. In
this mode internal Zene~odes will limit
the drop across the NE5560 to typically
23 volts at IO-mA and 30 volts at 30 rnA.
A provision for the limiting resistor is
made by removing the link connecting
pin I to V;n on Figs. 4, 5, and 6 and insert­
ing a proper resistor with sufficient power
dissipation .

VOUl

Dl
BYW29 VOUT

Rl1
6an

REMOTE ON /DFF

Rl1
68

)r-~--, n

D1
BYW29

change. Ideally , the N E5560 should be
operated with the feedforward in its
active area, i.e. between V, and Vcc- so
that it has plent y of headr oom to compen­
sate for variations in the line voltage, up
or down. The feedforward functi on im­
proves the line regulation of the switching
power supply by almost a factor of 15.

Another area where prot ection must be
provided against a fault is the switching
regulator output. Of primary concern is
the power switching elements. Excessive
currents, due to output shorts, shorted
windings in a choke or transformer etc .,
can quickl y destroy the switching transis­
tor.

Two types of output problems can
develop . The first, excessive current, was
discussed earlier and was resolved with
the aid of pin II . The second is saturation
of the magnetics, especially critical in for-
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TO PWM EXT SYNC
MOD INPUT

Th ese two prot ect ive featu res can be
invest igated by lookin g at the output duty
cycle with a scope while opening then
shorting the loop.

While the feedback loop looks at the
output and tr ies to compensa te for
changes due to such things as load varia­
t ion, a feedforward circuit looks at the
input line and modifies the duty cycle to
compensate for line variations. Resistors
R7 and R8 sample the input voltage to
the feed forward circuit (pin 16.) When
the voltage on pin 16 exceeds an internal
reference voltage (V., ty pically 8.4 volts) ,
the charging cur rent for the timing ca­
pacitor on pin 8 is incr eased. The higher
the voltage the larger the charging cur­
rent and consequently the shorter the
duty cycle. Conversely , if the voltage on
the feed forward pin decreases, the duty
cycle increases to compensate for the
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FORWARD VS. FLYBACK
There are two basic types of con ­

verters used in Switched Mode Pow­
er Supplies: the forward converter
and the tlybeck converter. In both
types of converters an inductor is
used as an energy-storage element.
In the forward converter the inductor
Is connected in series with the load.
Thus energy is passed to the load
and the coil during the "ON" condi ­
tion of the output transistor. In the
flyback converter the coil is connect­
ed in parallel with the load. Energy is
stored in the coil during the " ON"
period and transferred to the load
during the "OFF" period. These are
sometimes known as series or paral­
lel converters respectively. Each ap­
proach has its advantages and dis­
advantages. In the forward convert­
er, for example, the switching tran­
sistor conducts current to the load
only during the "ON" condition, and
the peak value of VCE that the device
must withstand is only equal to the
input DC voltage. Also the inductor
can be smaller and the capacitor has
a lower ripple current to deal with .
Disadvantages include difficulty in
achieving isolation from the input
and the full input DC being applied
to the load in the event of a shorted
switching transistor.

The advantages of the f1yback
converter are the opposite of the
disadvantages of the forward con­
verter. Input/output isolation is very
easy to achieve by adding a second­
ary to the inductive element. Also it
is not necessary to protect the load
against excess voltage in the event
of a shorted switching trans istor.
Disadvantages complement the ad­
vantages of the forward converter.
The peak value of VCE the switching
transistor must withstand is the sum
of the input DC voltage and the out­
put voltage (VCE = Vln max + Vol.
Thus both the inductor and diode
have to pass higher peak current
and withstand higher peak voltage.
The inductor is larger and the capac­
itor must pass higher ripple current.
And of course the higher switching
voltages and currents generate in­
creased amounts of noise.

supply are limited by the pot core for L1
and oscillator frequency selected . The pot
core used for the inductor is a Ferrox­
cube, type 2213-3C8 . The core volume is
2 em", The bobbin is wound with 14 turns
of No . 18 enameled wire (approximately
3 feet) leaving approximately 3 inches for
connection to the PC board . Depending
on the gauge of the wire used, the holes of
the PC board may have to be enlarged.
Nominal inductance of the pot core is
.9 mH , Trade-offs may be made by
reducing this inductance, and increasing
the oscillator frequency to achieve higher
output currents.

Table I shows how maximum current
is affected by oscillator frequency and the
inductance of Ll. Another way to in­

continued on page 80
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FIG. 9-FOIL PATTERN for the under side of the board.

FIG. 8- TOP SURFACE of th e PC boa rd is used as a ground-plane. Note that on ly the circles and
lettering are etched away.

FIG. 7-COMPONENT LOCATION DIAGRAM. Be su re that both common leads (input and output) are
soldered to the top side of the ground plane. Note the pin-outs for 01, 01 and 02. The board layout
makes it necessary to transpose two leads on 02. The heatsink sides of 01 and 01 should be toward
the center of the PC board.
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Z TABLE 1
0
a:: Oscillator Freq No. of Turns Inductor Max CurrentI-
a 20 kHz 14 .9 mH 300 mAw
...J
W

40 kHz 10 .5 mH 500mA6
0

80 kHz« 7 .25 mH 700 mA
a::
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Three
supplies

•In one
the

auto-tracking
B&K-PRECISION

1650

Model 1650 $300

- Functions as three separate
power suppl ies

- 5V DC, 5A fixed output
- Two separate (A and B) 0 to

25VDC outputs at 0.5A
- B supply can be set to track

A supply directly or in any ratio
from 0 to 100%

- All terminals are fully is o late d in
all modes

- Outputs may be connected in
series or parallel

- Fully automatic, current limited
overload protection

The B&K-PRECISION 1650 was
designed to fill your bench power
needs for both linear and digital
circuitry. The exclusive opto-isolator
controlled automatic tracking circuit
allows the B output to precisely track
voltage changes of the A supply,
while maintaining complete
electrical isolation.

Available tor immediate
delivery at your local
B&K-.PRECISION distributor.
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SWITCHING REGULATOR
continued from page 60

crease the output current is to increase
the core volume of the inductor (larger
pot core). When attempting to achieve
higher currents, the drive circuitry to the
switching transistor may have to be re­
placed with devices that provide more
base drive to the BU407 (Ql) . Recom ­
mended replacement for the 2N3638A
(Q2, Fig. 5) is a 2N2905A; Q3, a
2N2222A is useful as it is. Reduce R9 to
510 ohms and the four 2.2-ohm sense
resistors should be replaced with an
equivalent resistance of .1 ohm .

The step-up configuration (Fig. 4) is
designed for approximately 24 volts out­
put. This can be altered by replacing R5
(20K) with another value resistor (or
potentiometer) , The output changes
about 1 volt for every lOOO-ohm change
in R5 .

The step -down configuration (Fig. 5)
has a nominal output of about 3.75 volts.
This value can be raised by replacing the
jumper wire shown at the output with a
resistor. The output voltage will increase
beyond the point where the output volt­
age is within 5 volts of the input voltage .

When investigating the inverting mode
(Fig. 6), the polarity of C2 must be
reversed from the other modes .

TABLE 2

Step Down
Short: B,C,G,H,J,L,M,T,U
Step Up
Short: A,D,I,K,N,O,P,Q,S,W
Inverting
Short: B,C,G,H,J,L,M,R,V

Note that R14 is 360K for this
configuration. In the two oth ­
er modes it is called R4 and
is 3.6K .

(,

Table 2 shows which jumpers need to
be installed to create step-up, step-down,
or inverting output. These links are
shown in the component layout diagram
of Fig. 7.

All holes on the board not relieved by
artwork should have the wire soldered to
both top and bottom sides. Components
with grounded ends have holes for this
purpose. Be sure to solder to the top side
ground plane. Complete artwork for the
double sided PC board is provided in
Figs. 8 and 9. If the modulation input
(pin 5) is not used, solder pins 5 and 6
together.

The 3C8 ferrite material used in the
pot core for L1 is quite brittle so take care
not to drop the parts because they will
shatter. Also when mounting the core be
sure not to overtighten the mounting
screw as that, too, could be the cause of
an unpleasant cracking problem . R-E

NEW CATALOG OF

~RD·TO·FIND

PRECISION TOOLS

Jensen's new catalog is jam-packed
with more than 2000 quality items.
Your single source for hard-to-find pre­
cision tools used by electronic techni­
cians, scientists, engineers, instrument
mechanics, schools, laboratories and
government agencies. This popular
catalog also contains Jensen's world­
famous line of more than 40 tool kits.
Send for your free copy today!

JENSEN roots INC.
1230 S PRIEST DR . TEmpe AZ 85281

CIRCLE 7 ON FREE INFORMATION CARD

BIG 2];2//
DISPLAY!'
SOLID STATE

CLOCK/CALENDAR KIT
0101 Displays time of day. date or alternate between
both automatically. May be connected to 8 ohm
speaker for alarm clock. Operates from 120 VAC60 Hz.

$49.95 Walnut case extra, $24.95

0106 Displays either
hours and minutes ,
month and day, or

seconds. Requires only
2 rnA of current while

ignition is off. Also
operates on 9V

battery. Mounts easily
in compact two-inch

enclosure (Not inc luded)

6100 Indispensable aid
to digital IC design.
2 pushbuttons, 2 read­
outs, 4 switch outputs,
8 LEOs. 2 generators ,
2 counters , 5V supply pins.
Shown with CSC QT47S
Breadboard (not included)

,... ,"" ':.~; SEND FOR Add $2.50 per order
~:_ FREE postage and handling.
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