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[A NOTE FROM THE AUTHOR...

WELCOME TO THE WORLD OF DIGITAL ELECTRONICS/ THE PROJECTS IN THIS MANUAL WILL TEACH
YOU THE BASIC PRINCIPLES THAT MAKE POSSIBLE CALCULATORS, COMPUTERS, ELECTRONIC WATCHES
AND MANY OTHER DIGITAL GADGETS. I HOPE YOou HAVE AS MUCH FUN EXPERIMENTING WITH

THESE CIRCUITS AS I DID PREPARING THEM.

FORREST M. MIMS Il
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|GETTING STARTED WITH DIGITAL LOGIC

DIGITAL LOGIC IS THE KEY TO MUCH OF MODERN ELECTRONICS. DIGITAL WATCHES, CLOCKS,
COUNTERS, TIMERS, CALCULATORS AND COMPUTERS ARE ALL DESIGNED WITH DIGITAL LOGIC.

ANALOG ELECTRONIC CIRCUITS CAN PROCESS A WIDE RANGE OF VOLTAGES. DIGITAL LOGIC
PROCESSES ONLY TWO VOLTAGE LEVELS, ONE OF WHICH IS AT OR NEAR GROUND (0 VOLT OR
THE LOW LOGIC STATE) AND THE OTHER BEING NEAR OR AT THE CIRCUIT 'S SUPPLY VOLTAGE
(HIGH LOGIC STATE). THE TWO LOGIC LEVELS OR STATES OF DIGITAL LOGIC CIRCUITS ALLOW
THEM TO REPRESENT “YES " AND “NO" OR “ON" AND “OFF." THIS MEANS THAT DIGITAL LOGIC
CIRCUITS CAN MAKE DECISIONS. THE TWO LOGIC STATES CAN ALSO REPRESENT 0 (LOW) AND 1
(HIGH), THE TWO DIGITS OF THE BINARY NUMBER SYSTEM. THIS MEANS THAT DIGITAL LOGIC
CIRCUITS CAN PERFORM ARITHMETIC, PROCESS INSTRUCTIONS AND STORE INFORMATION.

[SOME BINARY BASICS

THE BINARY SYSTEM MIGHT SEEM COMPLICATED. DECIMAL | BINARY | | DECIMAL [ BINARY

BUT IT'S JUST A NUMBER SYSTEM WITH ONLY

TWO DIGITS, OR BITS, 0 AND 1. TO COUNT IN 0 0000 8 1000
BINARY, USE BOTH BITS AND THEN START OVER 1 0001 9 1001

AGAIN LIKE THIS: 0, 1, 10, 11, 100, 101, 110, 111, 1000,

AND SO FORTH. BINARY NUMBERS ARE USUALLY 2 %00 © 100
SHOWN WITH LEADING ZEROES, AS IN THE TABLE. 3 0011 1 1011
MANY LOGIC CIRCUITS PROCESS PATTERNS OF 8 4 0100 12 1100
BITS CALLED BYTES. ONE BYTE CAN REPRESENT

ANY OF UP TO 25 DECIMAL NUMBERS. IT CAN ALSO 5 o101 13 1101
REPRESENT A VOLTAGE, SYMBOL, LETTER OF THE b 0110 14 1110
ALPHABRET OR A COMPUTER INSTRUCTION. . oLl . "

[POSITIVE AND NEGATIVE LOGIC

LOGIC CIRCUITS REPRESENT THE TWO LOGIC STATES WITH ONE OF TWO VOLTAGES. USUALLY
THE HIGHER VOLTAGE (SEVERAL VOLTS OR MORE) INDICATES 1 AND THE LOWER VOLTAGE
(USUALLY NEAR 0 VOLTS OR GROUND) INDICATES 0. THIS IS KNOWN AS THE POSITIVE LOGIC
SYSTEM (H =1 AND L = 0). THE NEGATIVE LOGIC SYSTEM IS THE OPPOSITE (H = 0 AND L = 1).
IT'S IMPORTANT TO KNOW THAT A POSITIVE LOGIC AND GATE IS A NEGATIVE LOGIC OR
GATE, AND A NEGATIVE LOGIC AND GATE IS A POSITIVE LOGIC OR GATE. UNLESS OTHERWISE
SPECIFIED, YOUR LAB KIT USES POSITIVE LOGIC.

[COMBINATIONAL LOGIC

THERE ARE TWO PRINCIPAL KINDS OF LOGIC, COMBINATIONAL AND SEQUENTIAL. LOGIC SYSTEMS
MAY USE ONLY COMBINATIONAL OR SEQUENTIAL LOGIC, OR THEY CAN USE BOTH. IN COMBINA-
TIONAL LOGIC, 0'S AND 1'S FLOW THROUGH A NETWORK OF LOGIC CIRCUITS AS FAST AS THE
CIRCUITS WILL ALLOW. THE LOGIC SIGNALS MAY BE BLOCKED OR THEY MAY BE STEERED FIRST
ONE WAY AND THEN ANOTHER. THEY DO NOT PAUSE, AND THEY ARE NOT STORED FOR LATER
USE. THE MOST BASIC COMBINATIONAL LOGIC ELEMENT IS THE LOGIC GATE, OF WHICH THERE
ARE SEVERAL KINDS:

INVERTERS. THE INVERTER HAS ONLY ONE INPUT AND NOT

ONE OUTPUT. AS IMPLIED BY ITS NAME, INVERTERS ouT
REVERSE THE LOGICAL STATE OF AN INCOMING SIGNAL. » A—!>0—°“T
L

>

THUS AN INVERTER CAN BE THOUGHT OF AS A “NOT"
4 CIRCUIT.
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GATES. GATES HAVE TWO OR MORE INPUTS AND ONLY ONE OUTPUT. THE PATTERN OF LOGIC
SIGNALS AT THE INPUTS DETERMINES WHETHER THE OUTPUT IS 0 OR 1. THUS GATES ARE
DECISION-MAKING LOGIC CIRCUITS. NETWORKS OF GATES FORM COMBINATIONAL LOGIC CIRCUITS.
A PAIR OF GATES CAN FORM A FLIP-FLOP, THE SIMPLEST SEQUENTIAL LOGIC CIRCUIT.

SHOWN BELOW ARE THE LOGIC SYMBOLS FOR THE BASIC 2-INPUT GATES. ALSO SHOWN ARE
THE TRUTH TABLES FOR EACH GATE. THE TRUTH TABLES SHOw THE OuTPUT OF EACH
GATE FOR THE VARIOUS COMBINATIONS OF INPUTS. IT'S NOT NECESSARY TO MEMORIZE THESE
TRUTH TABLES, ALTHOUGH YOU WILL PROBABLY DO SO AS YOU EXPERIMENT WITH YOUR
ELECTRONICS LEARNING LAB. WHAT 'S IMPORTANT IS TO UNDERSTAND THAT THE INPUTS TO
A GATE FORM A SIMPLE CODE THAT DETERMINES THE OuTPUT. FOR EXAMPLE, THE AND GATE
OUTPUT GOES HIGH (1) WHEN AND ONLY WHEN BOTH INPUTS ARE HIGH.

A — A — A OTA
o] ouT 8] ouT
B __| T e ] RS B

AND GATE NAND GATE OR GATE NOR GATE
A | B [OUT A | B [OUT A | B [OUT A | B [OUT
L L L L L H L L L L L H
L H L L H| H L H| H L H| L
H L L H L H H L H H L L
H|H|H H [H L HH]H H|H]| L

A A
B ® °UT jDO—"”T NETWORKS OF GATES CAN TRANSFORM ONE

PATTERN OF BINARY BITS INTO ANOTHER.
FOR EXAMPLE, A BINARY-TO-DECIMAL GATE
EX-OR GATE EX-NOR GATE ARRAY CALLED A DECODER HAS 10 OUTPUTS

DESIGNATED 0-9. WHEN A BINARY NUMBER
A out AlBlouT IS APPLIED TO THE INPUT OF THE DECODER,
H THE APPROPRIATE OUTPUT IS ACTIVATED.
L EXCLUSIVE-OR GATES CAN ADD BINARY
NUMBERS. THEY CAN ALSO COMPARE TWwO
L BINARY NUMBERS AND DETERMINE IF THEY
H ARE EQUAL.

oo

| |T|-
-l |z |-
T || |
T |- ||

L
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H
H

ALL THE BASIC GATES CAN BE MADE FROM ONLY NAND OR NOR GATES. FOR EXAMPLE:
AND GATE INVERTER
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[SEQUENTIAL LOGIC

IN SEQLENTIAL LOGIC, 0'S AND 1'S ARE SENT THROUGH A LOGIC CIRCUIT ONLY WHEN ORDERED
TO DO SO BY PULSES FROM A CIRCUIT CALLED A CLOCK. THE FLIP-FLOP IS THE MOST BASIC
SEQUENTIAL LOGIC CIRCUIT. YOUR LEARNING LAB HAS MANY PROJECTS THAT USE FLIP-FLOPS.

FLIP-FLOPS. THE FLIP-FLOP HAS TWO OUTPUTS, WHICH MUST ALWAYS BE AT OPPOSITE LOGIC
STATES. THE FLIP-FLOP IS MADE FROM NAND OR NOR GATES. HERE ARE SOME OF THE MOST
BASIC FLIP-FLOPS:

THE RESET-SET (RS) FLIP- I RESET-SET (RS) FLIP-FLOP
FLOP IS ALSO KNOWN AS A Q s 1 2 | o |
LATCH SINCE IT SAVES ]

CURRENT DATA UNTIL NEW K;» QAL L | L | oisaLoweD)
DATA ARRIVE. DISALLOWED _d=az ] ¥ ¥ -

IN THE TABLE MEANS THE  peccr | 3 Y T B

INPUTS CANNOT BOTH BE

LOW AT THE SAVE TIME. Ho| A | o chance

seT _| CLOCKED RS FLIP-FLOP

THE CLOCKED RS FLIP- DO— e | s | rR |a|

DATA LNTIL A CLOCK cLock

PULSE ARRIVES. IT THEN ot H | L] H

CHANGES STATES. } Q| H L | H| L
RESET — H H | (DISALLOWED)

THE DATA (b) FLIP-FLOP Do— DATA ®©) FLIP-FLOP
STORES THE CURRENT Q D al oY)
DATA BETWEEN CLOCK cLock L § § »

PULSES. NEw INPUT DATA
ARE ACCEPTED WITH H H L

EACH NEW CLOCK PULSE. )O_j»a VALID AFTER CLOCK
DATﬂ—c—{>O—

PULSE ARRIVES

REGISTERS. FLIP-FLOPS ARE USED TO MAKE MEMORY REGISTERS THAT STORE INFORMATION
(DATA) IN THE FORM OF BINARY NUMBERS. ONE FLIP-FLOP IS PROVIDED FOR EACH BIT POSITION
TO BE STORED.

COUNTERS. A DIGITAL COUNTER IS A STRING OF FLIP-FLOP, WITH ONE OUTPUT OF EACH GOING
TO THE CLOCK INPUT OF THE NEXT. THE COUNT ADVANCES WHEN A CLOCK PULSE IS APPLIED
TO THE FIRST FLIP-FLOP.

SHIFT REGISTERS. A SHIFT REGISTER IS A STRING OF. FLIP FLQPS WITH ONE OUTPUT OF EACH
GOING TO THE DATA INPUT OF THE NEXT. DATA (0 S AND 1S) ARE PASSED FROM ONE FLIP-
FLOP TO THE NEXT WHEN A CLOCK PULSE IS APPLIED TO ALL THE FLIP-FLOPS.

YOU CAN BUILD MANY COMBINATIONAL AND SEQUENTIAL LOGIC CIRCUITS WITH YOUR ELECTRONICS
LEARNING LAB. THE MOST EXCITING CIRCUITS—AND ALSO THE MOST COMPLICATED—USE BOTH
COMBINATIONAL AND SEQUENTIAL LOGIC CHIPS.



|[THE CMOS LOGIC FAMILY |

THE DIGITAL LOGIC INTEGRATED CIRCUITS OR “CHIPS * PROVIDED WITH YOUR LEARNING LAB ARE
CMOS DEVICES. CMOS MEANS COMPLEMENTARY METAL-OXIDE-SEMICONDUCTOR. DOZENS OR EVEN
HUNDREDS OF TRANSISTORS ARE FORMED FROM THREE LAYERS. THE BASE LAYER IS A SILICON
DIE OR CHIP. AN ULTRA-THIN OXIDE LAYER COMES NEXT. FINALLY, A METAL LAYER IS APPLIED.
ELECTRICAL CONTACT TO THE SILICON IS THROUGH HOLES FORMED IN THE OXIDE. SINCE THE
OXIDE LAYER IS EXTREMELY THIN, CURRENT FLOWING THROUGH THE SILICON CAN BE SWITCHED
OFF AND ON MERELY BY THE PRESENCE OF A TINY ELECTRICAL CHARGE IN THE METAL LAYER.

[CMOS HANDLING PRECAUTIONS |

CMOS INTEGRATED CIRCUITS ARE MADE WITH VERY
THIN LAYERS OF SILICON AND INSULATION SO THEY
WILL OPERATE USING VERY LITTLE CURRENT. WHILE
THIS PROVIDES MANY IMPORTANT ADVANTAGES, THE
VERY THIN LAYERS OF CMOS ICS CAN BE EASILY
PENETRATED BY EXCESSIVE VOLTAGE. THEREFORE, YOUu
MUST FOLLOW CERTAIN HANDLING PRECAUTIONS WHEN
USING AND EXPERIMENTING WITH THEM.

1. BEFORE HANDLING CMOS CHIPS, GROUND YOURSELF TO DRAIN AWAY ANY STATIC ELECTRICAL
CHARGE ON YOUR BODY BY TOUCHING A LARGE METAL OBJECT OR APPLIANCE. WHEN THE AIR
IS VERY DRY AND COOL, THIS IS ESPECIALLY IMPORTANT. THE SPARKS THAT LEAP BETWEEN
YOUR FINGER AND A DOOR KNOB ON SUCH DAYS HAVE ENOUGH VOLTAGE TO FRY A CMOS IC.

2. ALWAYS STORE CMOS CHIPS IN THE PACKAG\N'G PROVH}ED WITH YOUR LEARNING LAB. NEVER
STORE CMOS CHIPS IN NON-CONDUCTIVE PLASTIC “SNOW, PLASTIC BAGS OR PLASTIC TRAYS.

|CMOS OPERATING PRECAUTIONS

1. SOME CIRCUITS YOU BUILD WILL NOT USE ALL THE GATES IN SOME CHIPS. UNUSED GATES
CAN ARBITRARILY SWITCH OFF AND ON. THIS CAN CAUSE EXCESSIVE POWER CONSUMPTION AND
OTHER PROBLEMS. AvOID THESE HASSLES BY ALWAYS CONNECTING UNUSED GATE INPUTS
(BUT NOT OUTPUTS) TO GROUND OR TO THE POSITIVE SUPPLY VOLTAGE.

2. THE VOLTAGE AT A CMOS GATE INPUT MUCH NOT EXCEED THE SUPPLY VOLTAGE.

3. NEVER INSERT OR REMOVE A CMOS CHIP INTO OR FROM THE BREADROARD OF YOUR LEARNING
LAB UNLESS THE POWER SWITCH IS OFF.

[WHEN A CIRCUIT DOESN T WORK... |

WHEN YOU APPLY POWER TO A LOGIC CIRCUIT, THREE THINGS CAN HAPPEN: THE CIRCUIT
WORKS PROPERLY, SOMETHING ELSE HAPPENS OR NOTHING HAPPENS. SOMETIMES A CIRCUIT
MIGHT APPEAR TO WORK EVEN IF YOU FORGOT TO CONNECT THE ICS POWER SUPPLY PN TO
THE + VOLTAGE. THIS HAPPENS WHEN THE CHIP BORROWS POWER THROUGH ANOTHER PIN. IF
THE CIRCUIT DOESN T WORK PROPERLY, YOU WILL NEED TO TROUBLESHOOT IT. INDIVIDUAL
LOGIC GATES ARE VERY SIMPLE, BUT SOME LOGIC CIRCUITS ARE PRETTY COMPLEX. TROUBLE-
SHOOTING A CIRCUIT THAT LOOKS LIKE A BOWL OF SPAGHETT! CAN BE A LITTLE TRICKY.
THE NEXT PAGE GIVES SOME HELPFUL TIPS JUST FOR CMOS CIRCUITS. YOUR LEARNING LAB'S
WORKBOOK 1 HAS A SECTION ON TROUBLESHOOTING (SEE PAGE 18) THAT WILL ALSO HELP. 7




| TROUBLESHOOTING CMOS DIGITAL LOGIC CIRCUITS

NOTHING HAPPENS: PUSH THE POWER SWITCH OFF. ARE THE WIRES FROM THE CHIP TO THE
POSITIVE VOLTAGE AND GROUND IN PLACE? ARE THEY CONNECTED TO THE CORRECT PINS ON
THE Ic? IS A PIN BENT UNDER A CHIP INSTEAD OF INSERTED INTO ITS HOLE? IS THE CORRECT
IC INSTALLED? IS IT INSTALLED BACKWARDS? ARE YOUR LEARNING LAB BATTERIES FRESH?

SOMETHING HAPPENS: PUSH THE POWER SWITCH OFF. IF THE CIRCUIT USES A POTENTIOMETER,
ADJUST IT ACCORDING TO THE INSTRUCTIONS. PUSH THE POWER SWITCH ON. IF THE CIRCUIT
STILL FAILS TO WORK PROPERLY, ONE OR MORE WIRES MAY BE MISSING OR INSTALLED
INCORRECTLY. PUSH THE POWER SWITCH OFF AND CAREFULLY RECHECK YOUR WIRING.

THE BEST WAY TO TROUBLESHOOT IS TO COMPARE THE WIRES CONNECTED TO EACH IC PIN
AGAINST THE CIRCUIT DIAGRAM. BEGIN AT PIN 1 AND THEN CHECK THE WIRES AT THE REST
OF THE PINS. ALL CONNECTION WIRES SHOULD BE INSERTED SNUGLY INTO THE BREADBOARD. BE
SURE ALL UNUSED INPUT PINS GO TO GROUND OR THE POSITIVE SUPPLY (+) VOLTAGE. WHEN
ALL ELSE FAILS, TAKE APART THE CIRCUIT AND REBUILD IT. OFTEN THIS TAKES LESS TIME
THAN TRYING TO FIND A MYSTERIOUS PROBLEM.

[BUILD A SIMPLE LOGIC PROBE

YOU CAN USE THIS SIMPLE PROBE TO TROUBLESHOOT YOUR LOGIC PROJECTS.

[PARTS YOU WILL NEED

I. 5.1.11‘? ;:‘II]:E ;:‘II]:IE- ﬁ:}j
RI-100K (BRN-BLK-YEL) R2-1K (BRN-BLK-RED) LED 1-GREEN LED
[CIRCUIT DIAGRAM
q
PROBE YW o Alewoua IV GROUND (AND LEAVE THE LOGIC PROBE
\ 1/ x X THE GROUND ON YOUR BREADBOARD TO
vl \ \\E‘;i.:f SYMBOL) IS THE HELP TROUBLESHOOT. OR
1K SN - ROW ON THE JUST BUILD ONE ANYTIVE
= = BOTTOM OF THE IT S NEEDED.
GROUND UNUSED INPUTS (PINS 5, 7, 9, 11 ¢ 14). BREADBOARD.
|1. ASSEMBLE THE CIRCUIT
1. O PUSH THE POWER SWITCH TO OFF. 8. [1 CONNECT F29 TO GROUND (RED WIRE).
2. O INSERT THE 4049 ACROSS SLOT 5 (PIN 1 9. [ CONNECT C27 TO F27 (WHT WIRE).
AT A25). 10. O INSERT R1 ACROSS C21 AND CI7.
3. O CONNECT A2l TO Vb (+9 V) (WHT WIRE). 11. OO INSERT R2 ACROSS A24 AND I
4. O CONNECT H2l TO GROUND (WHT WIRE). 12. O INSERT LED ACROSS I22 (ANODE) AND B22
5. O CONNECT E23 TO H23 (WHT WIRE). CATHODE).
b. O CONNECT G24 TO GROUND (RED WIRE).  13. 00 INSERT PROBE WIRE AT Clb (BLU WIRE).
7. O CONNECT H30 TO GROUND (WHT WIRE).

2. TEST THE CIRCUIT

CHECK FOR ERRORS. THEN PUSH THE POWER SWITCH ON. TOUCH THE PROBE WIRE TO A POSITIVE

VOLTAGE GREATER THAN +3 VOLTS ON THE BREADBOARD. THE LED WILL GLOW (LOGICAL 1 OR

HIGH). TOUCH THE PROBE TO GROUND, AND THE LED WILL SWITCH OFF (LOGICAL 0 OR LOW).

THE LOGIC PROBE IS POWERED BY +9 VOLTS SO IT CAN BE USED WITH ANY CIRCUIT ON THE
& BREADBOARD POWERED BY FROM 4.5 TO 9 VOLTS.



[BUILD A FANCY LOGIC PRORE

THIS LOGIC PROBE INDICATES HIGH WITH A GREEN LED AND LOW WITH A RED LED.

[PARTS YOU WILL NEED

YOU WILL NEED THE SIMPLE
LOGIC PROBE ON PAGE 8 PLUS:

#”Tn-—._-—.-\
=

LED 2-RED LED

CIRCUIT DIAGRAM

PROBE +9v *Av e
WIRE /116‘40‘-(9 IN GREEN| RED
L/, K }  GROUND UNUSED
\ \g;‘;f INPUTS (PINS 7, L | ofFF | ON
9, 1 ¢ 14).
D H ON | OFF

4

LEDZ

|1. MODIFY THE SIMPLE LOGIC PROBE ON PAGE 8

1. O PUSH THE POWER SWITCH TO OFF.
2. O REMOVE WHITE WIRE FROM E23 TO H23.
3. OO CONNECT B23 TO E23 (WHT WIRE).

4. O INSERT LED 2 ACROSS I23 (ANODE) AND

D23 (CATHODE).

2. TEST THE CIRCUIT

CHECK FOR ERRORS AND THEN PUSH THE POWER SWITCH ON. TOUCH THE PROBE WIRE TO A
POSITIVE VOLTAGE GREATER THAN +3 VOLTS ON THE BREADBOARD. ONLY THE GREEN LED WILL
GLOW (LOGICAL 1 OR HIGH). TOUCH THE PROBE TO GROUND, AND ONLY THE RED LED WILL

GLOW (LOGICAL 0 OR LOW).

[BUILD AN AUDIO LOGIC PROBE

THIS LOGIC PROBE WILL LET YOu HEAR THE CLOCK SIGNALS PRODUCED BY SEQUENTIAL LOGIC
CIRCUITS, SO LONG AS THE CLOCK OPERATES AT AN AUDIO FREQUENCY (ONE YOU CAN HEAR).

[PARTS YOU WILL NEED

THIS CIRCUIT IS A MODIFICATION OF THE LOGIC PROBE ABOVE. NO OTHER PARTS ARE NEEDED.

[CIRCLIT DIAGRAM

|[2. TEST THE CIRCLIT

PROBE +av +4qv
WIRE 1/4049
\ 1//2 W LEDY T
R{
100k 7|8

GROUND UNUSED

CHECK FOR ERRORS. PUSH THE
POWER SWITCH ON. TOUCH THE
PROBE WIRE TO THE CLOCK SIGNAL
OF ANY SEQUENTIAL CIRCUIT IN
THIS MANUAL. THE SPEAKER
WILL EMIT A TONE. IT MAY
EMIT 60-HZ POWER LINE BLUZZ

SP
cr o2PKR

INPUTS (PINS 9,
¢ 14).

IF THE PROBE IS DISCONNECTED
AND YOU TOUCH IT.

|1. MODIFY THE FANCY LOGIC PROBE

O PUSH THE POWER SWITCH TO OFF.
[0 REMOVE WHITE WRE FROM G249 TO GROUND.
0 CONNECT B2l TO G21 (WHT WIRE).
[0 CONNECT SPRING 61 TO F24 (RED WIRE).

LW

5. [J CONNECT SPRING 52 TO GROUND (RED WIRE).
b. [0 CONNECT SPRINGS 62 AND 68 (RED WIRE).
7. [0 CONNECT SPRINGS &3 AND 69 (RED WIRE).

9



4070 QUAD EXCLUSIVE OR GATE

THE 4070 IS A CMOS LOGIC CHIP WITH FOUR INDEPENDENT EXCLUSIVE-OR GATES. USE TO COMPARE

LOGIC SIGNALS AND PHASE DETECTION. FOLLOW WITH AN INVERTER TO MAKE AN EXCLUSIVE-NOR

GATE. MAXIMUM SUPPLY AT PIN 14 MUST NOT EXCEED 15 VOLTS.

Rolsisinioiols

A
B

1413 1211 109 8
ononnonn

0 4070

ooooooad
1234s¢6?

EX-OR GATE

A | B |OUT
L L L
L H H
H L H
H H L

4049 HEX INVERTER

THE 4049 IS A CMOS LOGIC CHIP WITH SIX INDEPENDENT INVERTERS. USE FOR INTERFACING AND

TO MAKE SIMPLE CLOCK PULSE GENERATORS AND OSCILLATORS. CONNECT TWO IN SERES TO
MAKE A NON-INVERTING BUFFER. MAXIMUM SUPPLY AT PIN 1 MUST NOT EXCEED 1& VOLTS.

plcEuicEnEnEnEo
<l <
<y =<5 <

=

Lgm 'wmmuxlj—

¥
+v

A‘DO-—OUT

&
min
D5

1o

O
PO
wO L Q%
£ © p&
wg L pby
ed © pk
-0
e

INVERTER
A | ouT
L H
H L

NOTE THAT THE 4049 POSITIVE
POWER SUPPLY PIN IS IN A NON-
STANDARD LOCATION/

4066 QUAD ANALOG SWITCH

THE 406b IS A CMOS LOGIC CHIP CONTAINING FOUR ANALOG SWITCHES THAT CAN BE SWITCHED
ON OR OFF BY EXTERNAL LOGIC SIGNALS. VERY USEFUL FOR SWITCHING DIGITAL AND ANALOG
SIGNALS. MAXIMUM SUPPLY AT PIN 14 MUST NOT EXCEED 18 VOLTS.

+v

%\Iﬁlﬁlﬁl[ﬂl‘*_{ﬁl

ﬁﬁ

LIIQléI[H_I[iIL]E

I/o o/T

ConTROL

14131211109 8
NnONOnnn

H 40bo

oooooog
1234567

NAND GATE
CONTROL | I/0 | 0/1
L GATE OFF
GATE ON
H
I=0

I-INPUT AND O-OUTPUT

1




4013 DUAL D-TYPE FLIP-FLOP

THE 4013 IS A CMOS LOGIC CHIP WITH TWO D-TYPE (DATA) FLIP-FLOPS. A CLOCK PULSE WILL
STORE THE DATA AT THE D INPUT. CONNECT CLOCK AND A Q OUTPUT TO MAKE A TOGGLE
FLIP-FLOP FOR COUNTING. MAXIMUM SUPPLY AT PIN 14 MUST NOT EXCEED 18 VOLTS.

e D-FLIP-FLOP
14131211 10 9 8
_[4] [13] [2] [11] [o] [a] [®] nnoonon c D R S qQl Q2
_Ll | i_l 4013 /o o] o] o | 1
EF2 S pgouogooougu
i — 12345627 / 1 0 0 1 0
—1® ey s \ X 0 0 | NO CHANGE
Gcmo C-CLOCK
1 1
:. D-DATA X | X ° 10
MLUIAIMI&I&J% R-RESET X X 0 1 1 0
1 S-SET
X X 1 1 | DISALLOWED

/-RISING CLOCK PULSE
\-FALLING CLOCK PULSE
X-DOESN'T MATTER

THE FIRST COLUMN IN THE TRUTH TABLE IS FOR THE
CLOCK INPUT. A FORWARD SLASH (/) SYMBOLIZES THE
RISING EDGE OF A CLOCK PULSE. A BACKWARDS SLASH (\)

SYMBOLIZES THE FALLING EDGE OF A PULSE. Q1-OUTPUT 1
THE 4013 RESPONDS ONLY TO THE RISING EDGE OF A Q2-OUTPUT 2
PULSE. NOTICE THAT BOTH THE R AND S INPUTS CAN (IF Ql=1 THEN Q2=0.)

BOTH BE 0 (LOW) BUT NOT 1 (HIGH-DISALLOWED).

4017 DECADE COUNTER/DIVIDER

THIS REALLY NEAT CHIP CONTAINS A COUNTER AND A DECODER CIRCUIT THAT ACTIVATES A
SINGLE OUTPUT PIN FOR EACH COUNT FROM 0 TO 9. USE TO MAKE ALL KINDS OF TIMERS, LED
SEQUENCERS AND CONTROLLERS. MAXIMUM SUPPLY AT PIN 1 MUST NOT EXCEED 18 VOLTS.

y 11§ 14131211 109
4 aogooo[pon P‘N 15

—Lel 5L 1 [ [ [l [id 7] L 4017 (R OR RESET) - (% TO Lo
H | CLEAR TO 0
OoOoooouooy
) _ 12345638 PIN 14 L NO COUNT
1 T | L | THE 4017 COUNTS WITH 5 | (C OR CLOCK) [T COUNT
DECODER J D-TYPE FLIP-FLOPS.
s 1o ¢ 2z DECODING AND CONTROL PIN 13 L |OK TO COUNT
AERARERORER IS BY 1o INVERTERS AND (CE OR CLOCK
15 GATES. ENABLE) H STOP

PIN 13 (CE) CONTROLS THE CLOCK. WHEN LOW, THE PIN 5 IS THE RESET PIN. IT IS NORMALLY LOW.
CLOCK IS ENABLED AND THE COUNTER ADVANCES WHEN MADE HIGH, THE COUNTER IS CLEARED OR RE-
ONE COUNT FOR EACH CLOCK PULSE. WHEN HGH, SET TO 0.

THE CLOCK INPUT IS INHBITED, AND THE COUNTER

DOES NOTHING EVEN WHEN CLOCK PULSES ARRIME. PINS 1-7 AND 9-11 ARE THE DECODED OUTRUT PINS.
PIN 11 IS THE CLOCK INPUT. THE RSING SIDE OF THE ACTIVE COUNT PIN GOES HGH AND ALL OTHERS

EACH CLOCK PULSE TRIGGERS ONE COUNT. THE REMAN LOW. CARRY QUTRUT PN 2 IS FOR THE CLOCK
CLOCK PULSES MIST BE “CLEAN. " FF THEY ARE INPUT OF AN ADDITIONAL COUNTER OR FOR NOTIFYING
"NOISY * THE COUNTER MAY ADVANCE TWO OR AN EXTERNAL CRCUIT THAT THE COUNT IS COMPLETE.

12 MORE TIMES DIRNG EACH CLOCK PULSE.



4029 DECADE UP-DOWN COUNTER

THE 4029 IS A HIGHLY VERSATILE COUNTER THAT CAN COUNT UP OR DOWN FROM 0 TO 9
(BINARY-CODED DECIMAL) OR 0 TO 1S (BINARY). THE COUNT CAN BE FORCED TO ANY DESIRED
STATE USING FOUR PRESET INPUTS. MAXIMUM SUPPLY AT PIN 16 MUST NOT EXCEED 18 VOLTS.

+W

] [18] [r8] [13] [2] [1] [ro] [a]
B N N N A

P2 PZ aQr wufo BfD

1o 15 1413 1211 10 9
nooononn PIN 15 L NO COUNT
u| 4029 (cLock) / COUNT
|EEpEpEpEpERE]|
L1345678 PIN 10 L | COUNT DOWN
THE 4029 COUNTS WITH LA OR LPDOWN) - COUNT LP
FOUR FLIP-FLOPS. SOME
50 GATES PROVIDE PIN 9 L |COUNT 0 TO 9
VARIOUS CONTROL ®/D OR BINARY/BCD)
FUNCTIONS. H |COUNTOTO 5

PIN 15 IS THE CLOCK INPUT, TO WHICH UP TO
AROUND 5 MILLION PULSE PER SECOND CAN BE
APPLIED.

PIN 10 CONTROLS WHETHER THE CHIP COUNTS
UP OR DOWN.

PIN 9 CONTROLS WHETHER THE CHIP COUNTS
FROM 0 TO 9 (BINARY-CODED DECIMAL OR BCD)
OR 0 TO 15 (TRUE BINARY) BEFORE RECYCLING.
PIN 1 (PE OR PRESET ENABLE) CONTROLS THE
PRESET INPUTS. NORMALLY PE IS LOW. WHEN

HIGH, THE COUNTER JUMPS TO THE OUTPUT
STATE DETERMINED BY THE FOUR PRESET INPUTS.

THE 4029 DOES NOT HAVE A RESET PIN. THE
COUNT IS EASILY RESET TO 0000 BY MAKING
ALL FOUR PRESET INPUTS LOW AND THEN
MAKING THE PE INPUT HIGH TO LOAD 0000
INTO THE COUNTER. USE THE 4511 DECODER
TO CONVERT THE COUNT FROM THE 4029
INTO DECIMAL DIGITS ON THE LED DISPLAY.

4511 7-SEGMENT DISPLAY DECODER-DRIVER

THIS VITAL CHIP PROVIDES THE INTERFACE BETWEEN THE BINARY WORLD OF DIGITAL LOGIC
CIRCUITS AND THE DECIMAL WORLD. DATA ARE STORED IN A LATCH. THE READOUT SIGNALS
CAN BE SWITCHED OFF OR ON. SUPPLY VOLTAGE AT PIN 1o MUST NOT EXCEED 1& VOLTS.

161514131211 10 §
+y imininininEnEnln] P\NS ALLLEDSON
i ) P [ B E AL 4511
N N N LT OR LAMP [ 1 \ORMAL USE
e g o b c d e DooooooOg TEST)
e —;_D-_c',igc.égéu'r L2345 L7178
[ L " pecooeR PIN 4 L | ALL LEDS OFF
4T_t | ]_1_ (BL OR
o Lares THE 4511 INCLUDES SOME BLANKING) H NORMAL USE
g ¢ | . L D a 56 FLIP-FLOPS, LOGIC
[ T T T T T 1 GATES AND INVERTERS PIN 5 L | CURRENT DATA
HEE R ON A SINGLE CHP. (LE OR LATCH
= ENABLE) H SAVED DATA

RINARY-CODED DECIMAL (BCD) DATA TO BE DECODED
AND DSPLAYED ARE APPLIED TO PINS 7, 1, 2 AND 6.
THE DATA ARE DECODED INTO A PATTERN OF SEVEN
LOGC LEVELS THAT ARE APPLED VA OUTRUT PINS 9
TO 15 AND TO A SEVEN-SEGVENT READOUT DEVKCE

SUCH AS AN LED DISPLAY.

PIN 3 ALLOWS THE DISPLAY TO BE TESTED. WHEN
LOW, ALL THE QUTPUT PNS ARE SWITCHED ON.

INPUTS ARE DISPLAYED (WHEN LOW).

PIN 4 PERMITS THE READOUT TO BE SWITCHED OFF
ENTRELY (WHEN LOW) OR DMVED (BY A SERES OF
PULSES).

PIN 5 PERMITS DATA TO BE SAVED AND DISPLAYED
(WHEN HGH). OTHERWISE THE LATEST DATA AT THE

CAUTION: SHORTING OUTRUT PINS MAY DAMAGE THE

‘Bl. ALWAYS CHECK YOUR WRING.
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|[USE SWITCHES TO MAKE A SIMPLE AND GATE

YOU WILL CONNECT TWO SWITCHES IN SERES TO MAKE THE SIMPLEST POSSIBLE AND GATE. AN
LED WILL INDICATE THE STATUS OF THE GATE. THE OUTPUT LED WILL GLOW ONLY WHEN Sl
AND S2 ARE CLOSED AT THE SAME TIME. OTHERWISE THE LED STAYS OFF.

PARTS YOU WILL NEED

—

-
—|
=]

R1-1K (BRN-BLK-RED) RED LED
CIRCUIT DIAGRAM
+4.5 vy
Sl_ S‘z_ LED
r_——o o 0 © v LED&' FL?“
1K sPoT
46 47 48 49 :l.___ \—J;l\—

[1. BUILD THE CIRCUIT

1. OPUSH THE POWER SWITCH TO OFF.
2. O INSERT R1 ACROSS K13 AND K18.

3. OINSERT LED BETWEEN K20 (ANODE) AND K21 7.

(CATHODE).

4. OOCONNECT K25 TO GROUND (WHT WIRE).

5. O CONNECT kil TO SPRING @ (RED WIRE).

(BLU WIRE).

b. CJCONNECT SPRINGS 47 AND 46 (WHT WRRE).
CICONNECT SPRING 46 TO V3 (4.5 VOLTS)

2. TEST THE CIRCUIT

CHECK YOUR WIRING. IF ALL CONNECTIONS ARE CORRECT, PUSH THE POWER SWITCH TO ON.

THE LED sSHouLD BE OFF. WHEN YOU PRESS EITHER S1 OR S2, THE LED SHOULD STAY OFF.
NOW PRESS BOTH S1 AND S2 AT THE SAME TIME. THE LED SHOULD GLOW. SINCE S1 AND S2
MUST BE CLOSED TO SWITCH THE LED ON, THIS CIRCUIT IS AN AND GATE.

THE AND GATE TRUTH TABLE

RECALL THAT THE
OPERATION OF A LOGIC
GATE IS SUMMARIZED IN
A SIMPLE TABLE CALLED
A TRUTH TABLE. HERE S
THE ON-OFF TRUTH
TABLE FOR YOUR AND
GATE:

AND GATE

Sl

S2

LED

OFF

OFF

OFF

OFF

ON

OFF

ON

OFF

OFF

A SWITCH IS EITHER OFF
OR ON. SO SWITCHES CAN
REPRESENT THE 2 DIGITS (0
AND 1) IN THE BINARY
NUMBER SYSTEM. HERE 'S
OUR TRUTH TABLE WHEN
OFF = 0 AND ON = 1:

ON

ON

ON

AND GATE

Sl

S2 | LED

0

0
0

1

1

0

0
0
0

1

1

MORE ABOUT BINARY NUMBERS

YOU LEARNED THE RINARY EQUIVALENTS OF
THE FIRST 16 DECIMAL DIGITS IN THE
PREVIOUS SECTION ON “GETTING STARTED
WITH DIGITAL LOGIC." TO HELP YOU LEARN
14 THEM, HERE THEY ARE AGAIN:

(0) 0000  (4) 0100 (8) 1000
(1) 0001 (5) 0101 (9) 1001

(2) 0010 (b) 0110 (10) 1010

(3) o011 (7) o111 (11) 1011

(12) 1100
(13) 1101

(14) 1110

(15) 1111




|[USE SWITCHES TO MAKE A SIMPLE OR GATE

NOW YOU WILL CONNECT TWO SWITCHES IN PARALLEL TO MAKE THE SIMPLEST POSSIBLE OR

GATE. AN LED WILL INDICATE THE STATUS OF THE GATE. THE LED WILL GLOW ONLY WHEN Sl
OR S2, OR S1 AND S2, ARE CLOSED AT THE SAME TIME. OTHERWISE THE LED STAYS OFF.

PARTS YOU WILL NEED

—a_—

/T

—_—
= ]| .

(=

R1-1K (BRN-BLK-RED) RED LED
CIRCUIT DIAGRAM
+45V
Sl O_I_C') LED
I . 46 47 . &1 LED& ol

S2 1K SPoT
s 1 5
48 49 = 3

[1. BUILD THE CIRCUIT

1. OPUSH THE POWER SWITCH TO OFF.
2. O INSERT R1 ACROSS K13 AND Ki18.

3. OINSERT LED BETWEEN k20 (ANODE) AND K21

(CATHODE).

4. COCONNECT k25 TO GROUND (WHT WIRE).

5.
b.
7.

OO CONNECT SPRINGS 4 AND 48 (WHT WRE).
OO CONNECT SPRINGS 47 AND 2 (WHT WRE).
CICONNECT SPRING 46 TO V3 (RED WIRE).
8. OOCONNECT SPRING 47 TO kil (RED WIRE).

2. TEST THE CIRCUIT

INSPECT THE CIRCUIT. |F EVERYTHING IS CORRECT, CLOSE THE POWER SWITCH. THE LED

SHOULD BE OFF. WHEN YOu PRESS EITHER S1 OR S2, THE LED SHOULD GLOW. |\T SHOULD

ALSO GLOW WHEN YOU PRESS S1 AND S2 AT THE SAME TIME. SINCE THE LED GLOWS WHEN S1
OR S2 IS CLOSED, THIS CIRCUIT IS CALLED AN OR GATE.

THE OR GATE TRUTH TABLE

HERE 'S THE ON-OFF
TRUTH TABLE FOR
YOUR SWITCH OR
GATE:

OR GATE

Sl

S2

LED

OFF

OFF

OFF

OFF

ON

ON

ON

OFF

ON

ON

ON

ON

HERE'S THE BINARY
VERSION OF THE OR
GATE TRUTH TABLE
(OFF = 0 AND ON = 1);

OR GATE

S2

LED
0
1
1
1

GOING FURTHER: COMBINING GATES

NOW THAT YOU VE BUILT THE BASIC GATES, IT'S TIME TO GLUE THEM TOGETHER. FIRST CLEAR
THE BREADBOARD. THEN REBUILD THE AND GATE ON THE FACING PAGE. DO NOT CONNECT S2 TO
R1. INSTEAD, CONNECT S3 AND S4 IN PARALLEL BETWEEN S2 AND Rl USING WHITE WIRES. YOU
NOW HAVE AN AND-OR GATE. ON A SEPARATE SHEET OF PAPER, MAKE THE TRUTH TABLE FOR

THIS GATE. (HINT: THERE ARE 16 POSSIBLE ON-OFF COMBINATIONS FOR THE FOUR SWITCHES.

15



[USE A RELAY TO MAKE AN INVERTER (A NOT GATE)

IN THE ENGLISH LANGUAGE, THE WORD NO IS AT LEAST AS IMPORTANT AS THE WORD YES,
THE SAME APPLIES TO THE BINARY LANGUAGE OF DIGITAL LOGIC. YOU WILL USE A RELAY TO
MAKE AN INVERTER THAT CHANGES YES TO NO AND NO TO YES.

PARTS YOU WILL NEED

——

R1-1K (BRN-BLK-RED)

—> LED 1-RED LED

LED 2-GREEN LED

CIRCUIT DIAGRAM

*ov

t+6Vv
i P
— 555 Dl/
5 - D'
o O ‘ M
46 47 s71 RY sa_L R1
1K

LED L
LED 2

LED

FLAT

\\SPQT'

[1. BUILD THE CIRCUIT

W N =

P24 (CATHODE).

=

P25 (CATHODE).
5. OOCONNECT SPRING 4 TO V4 (+V) (BLU WIRE).

OPUSH THE POWER SWITCH TO OFF.

O INSERT LED 2 BETWEEN P2t (ANODE) AND 9.

WRE).

b. O CONNECT SPRINGS 47 AND 57 (RED WIRE).
O INSERT R1 BETWEEN P23 AND GROUND. 7. O CONNECT SPRING 58 TO GROUND (RED WIRE).
O INSERT LED 1 BETWEEN M24 (ANODE) AND 8. OO CONNECT SPRING 55 TO V4 (+6V) (BLU
O CONNECT SPRING 54 TO P30 (BLU WIRE).
10. COCONNECT SPRING 56 TO M2l (BLU WIRE).

2. TEST THE CIRCUIT

INSPECT YOUR WIRING TO MAKE SURE ALL CONNECTIONS ARE CORRECT. THEN PUSH THE POWER
SWITCH TO ON. THE RED LED (LED 1) SHOULD GLOW. PRESS S1, AND THE RED LED WILL TURN

OFF AND THE GREEN LED (LED 2) WILL GLOW.

HOW THE CIRCUIT WORKS

YES GATE

Si

LED 2

OFF

OFF

ON

ON

LED 2 IS THE OUTPUT
FOR THE YES FUNCTION.
LED 2 FOLLOWS THE
ON-OFF STATUS OF
INPUT SWITCH Sl

16

INVERTER
Sl | LED 1!
OFF | ON
ON OFF

LED 1 IS THE OUTPUT
FOR THE NOT FUNCTION.
LED 1 REVERSES OR
INVERTS THE STATUS OF
INPUT SWITCH Sl

YES-NOT GATE

Sl

LED 2| LED 1

OFF

OFF ON

ON

ON OFF

THIS SUMMARIZES THE

YES AND NOT OPERATION
OF THE CIRCUIT. THE NOT
FUNCTION IS THE SAME

AS A LOGIC INVERTER.



USE SWITCHES AND A RELAY TO MAKE 4 KINDS OF LOGIC GATES

THE “NOT " GATE, WHICH IS ANOTHER NAME FOR THE INVERTER, PERMITS US TO MAKE NEW
KINDS OF VERY IMPORTANT LOGIC GATES. YOU WILL ADD A RELAY TO AN AND GATE, AND AN OR
GATE, TO MAKE A NOT-AND (NAND) GATE AND A NOT-OR (NOR) GATE.

[PARTS YOU WILL NEED

=) _—

R1-1K (BRN-BLK-RED)

F;:::-;D LED 1-RED LED

LED 2-GREEN LED

CIRCUIT DIAGRAM

+ bV

o O © A
48 49 1 S50 57 RY 58 R1
5 1 &

+ iV
\31. st ED
A °;|7 7 5 el LED 2 \
S2_ | ‘53___1__
re)

FLAT
SPoT

[1. BUILD THE CIRCUIT

1. OPUSH THE POWER SWITCH TO OFF.

2. O INSERT Rl BETWEEN P23 AND GROUND.

3. OINSERT LED 1 BETWEEN M24 (ANODE) AND 9.
P24 (CATHODE).

4. OINSERT LED 2 BETWEEN P2 (ANODE) AND
P25 (CATHODE).

5. CICONNECT SPRING 40 TO VA (V) BLU WIRE).

b. O CONNECT SPRING 58 TO GROUND RED WIRE).

7.
8.

10.
11.

12.
13.

0 CONNECT SPRINGS 46 AND 48 (WHT WRE).
CJCONNECT SPRINGS 47 AND 49 (WHT WIRE).
COCONNECT SPRINGS 42 AND 51 (WHT WIRE).

CJCONNECT SPRINGS 50 AND 57 (RED WIRE).

O CONNECT SPRING 55 TO VA4 (+6V) (BLU

WIRE).

CJCONNECT SPRING 54 TO P30 (BLU WIRE).
COCONNECT SPRING 56 TO M2l (BLU WIRE).

2. TEST THE CIRCUIT

CHECK YOUR WIRING. IF ALL CONNECTIONS ARE CORRECT, PuSH THE POWER SWITCH ON. LED 1

WILL GLOW RED. NOW TEST THE FOUR DIFFERENT LOGIC GATES USING THE TRUTH TABLES

BELOW. REMEMBER THAT THE RED LED (LED 1) IS THE OUTPUT FOR THE NAND AND NOR GATES.

THE GREEN LED (LED 2) IS THE OUTPUT FOR THE AND AND OR GATES. WHEN YOU TEST THE
OR AND NOR GATES, CONNECT SPRINGS 50 AND 51 (WHITE WIRE) OR KEEP S3 PRESSED DOWN.
HISTORICAL NOTE: THIS VERY SIMPLE CIRCUIT DEMONSTRATES A RELAY LOGIC BUILDING BLOCK

LIKE THAT USED TO BUILD THE MARK 1, ONE OF THE FIRST ELECTRONIC DIGITAL COMPUTERS.

AND GATE NAND GATE OR GATE (S3 ON) NOR GATE (S3 ON)
S2 S3 [LED 2 S2 S3 [LED 1 Sl S2 | LED 2 Sl S2 [LED 1
OFF OFF OFF OFF OFF ON OFF OFF OFF OFF OFF ON
OFF ON OFF OFF ON ON OFF ON ON OFF ON OFF
ON OFF OFF ON OFF ON ON OFF ON ON OFF OFF
ON ON ON ON ON OFF ON ON ON ON ON OFF

17



[USE A TRANSISTOR TO MAKE A YES GATE (BUFFER)

IN ALL BUT THE SIMPLEST LOGIC CIRCUITS, TRANSISTOR SWITCHES ARE MUCH MORE EFFICIENT
THAN MECHANICAL SWITCHES. YES GATES, WHICH ARE ALSO CALLED BUFFERS, ALLOW LOW-POWER
GATES TO DRIVE LEDS OR GATES THAT REQUIRE EXTRA CURRENT. YOU WILL BUILD A SIMPLE
TRANSISTOR YES BUFFER THAT DEMONSTRATES THESE POINTS.

PARTS YOU WILL NEED

__ RI-10K (BRN-BLK-ORG) &= N QI-NPN TRANSISTOR =
CIRCUIT DIAGRAM
+4.5V +4.5V .
ar 7y
INPUT

+4.5 V (HIGH) EBC

GND ( LOow)
LW

A

\ Sror
oy

[1. BUILD THE CIRCUIT
OPUSH THE POWER SWITCH TO OFF. b. OOCONNECT L1 TO V3 (+4.5v) (RED WRE).

—
.

2. OINSERT Q1 AT TS (E), RS (B) AND PS5 (C). 7. CICONNECT SPRING 44 TO N5 (RED WIRE).

3. OINSERT LED 1 BETWEEN T1 (ANODE) AND 8. OOCONNECT SPRING 43 TO (+4.5Vv) V3 (BLU
GROUND (CATHODE). WIRE).

4. O INSERT R1 BETWEEN N1 AND RI. 9. OOCONNECT SPRING 45 TO GROUND (RED

5. O INSERT R2 BETWEEN L3 AND P3. WIRE).

2. TEST THE CIRCUIT

INSPECT THE CIRCUIT. IF ALL CONNECTIONS ARE CORRECT, PUSH THE POWER SWITCH ON. THEN
PUSH THE DPDT SWITCH UP (HIGH OR +4.5 V). THE LED WILL GLOW. NOW PUSH THE SWITCH
DOWN (LOW OR GROUND). THE LED WILL SWITCH OFF.

HOW THE YES CIRCUIT WORKS

THIS CIRCUIT IS A “YES GATE, " OR BUFFER, SINCE THE YES GATE BUFFER
OUTPUT FOLLOWS THE INPUT. THE TRANSISTOR IS OFF

NPUT | LED NPUT | LED
WHEN THE DPDT SWITCH IS DOWN AND Rl IS PULLED Low  pmrert =2 | [ ITUT] ESD
(GROUNDED). WHEN THE SWITCH IS UP, A SMALL CURRENT OFF | OFF LOW [ LOW
FLOWS THROUGH R1 AND THE BRASE-EMITTER JUNCTION ON ON HIGH | HIGH

OF Ql. THIS SWITCHES Ql ON. THE LED THEN RECEIVES
CSTNT TROUGH 0100 12 U0 SLOWS TIE Ty unea s o
) VOLTAGE IS PRESENT. LOW

18 (LOGICAL 0) MEANS GROUND.




[USE A TRANSISTOR TO MAKE A NOT GATE

THE INVERTER, OR “NOT * GATE, IS THE OPPOSITE OF THE BUFFER, OR “YES " GATE. THE
LOGIC STATUS AT THE OUTPUT OF THE NOT GATE IS ALWAYS OPPOSITE THAT AT THE INPUT
OF THE GATE. INVERTERS ARE ESSENTIAL FOR TRANSFORMING AND GATES INTO NAND GATES
AND OR GATES INTO NOR GATES. YOU WILL BUILD THE NOT GATE NEXT TO THE YES GATE SO
YOU CAN COMPARE THEIR OPERATION.

PARTS YOU WILL NEED

1-1 -BLK- [ g— |
— — R1-10K (BRN-BLK-ORG) \ QI-NPN TRANSISTOR

B N #”?I‘:—-‘\
R2-K  (BRN-BLK-RED) ¢ N 9oy =) LED 1-RED LED

+4.5S5v +4.SvV C—
Vi
Ql //
INPOT

CIRCUIT DIAGRAM

+4.5 v (HIGH) EBC
GMD CLDW) LED

4

FLAT

S

D=

o

" BUILD THE CRCUIT |

—

1. O LEAVE THE YES GATE ON THE BOARD. b. O INSERT R2 BETWEEN L& AND Pe.

2. OPUSH THE POWER SWITCH TO OFF. 7. OCONNECT L10 TO V3 (+4.5V) (RED WIRE).

3. OINSERT Q1 AT T8 (E), R8 (B) AND P8 (C). 8. COCONNECT Te TO GROUND (WHT WIRE).

4. OINSERT LED 1 BETWEEN P10 (ANODE) AND 9. COCONNECT SPRINGS 4 AND 5 (WHT WIRE).
GROUND (CATHODE). 10. CJCONNECT SPRINGS “0 AND 3 (WHT WIRE).

5. OINSERT RL BETWEEN N9 AND R9. 11. OOCONNECT SPRING 41 TO N& (RED WIRE).

2. TEST THE CIRCUIT

CHECK YOUR WIRING. IF ALL CONNECTIONS ARE CORRECT, PUSH THE POWER SWITCH TO ON.
THEN PUSH THE DPDT SWITCH DOWN (LOW OR GROUND). THE RED LED WILL GLOW. NOW PUSH
THE SWITCH UP (HIGH OR +4.5 VOLTS). THE RED LED WILL SWITCH OFF. \F YOU LEFT THE YES
GATE IN PLACE, THE RED LED IS OFF WHEN THE GREEN LED IS ON AND VICE VERSA.

HOW THE NOT CIRCUIT WORKS

THIS CIRCUIT IS A “NOT GATE “ SINCE THE OUTPUT IS THE NOT GATE INVERTER
OPPOSITE, OR INVERSE, OF THE INPUT. THAT S WHY THE

’ ’ NPUT | LED NPUT | LED
NOT GATE IS KNOWN AS AN INVERTER. WHEN Q1 IS OFF 1 LD 1 LD
(RASE CONNECTED TO GROUND WHEN THE DPDT SWITCH IS OFF | ON | = LOW | HIGH
PUSHED DOWN), Ql IS OFF AND CURRENT FLOWS THROUGH oN | oFf HeH | Low

R2 AND THE LED. WHEN Q1 IS ON (BASE CONNECTED TO
+4.5 VOLTS WHEN THE DPDT SWITCH IS PUSHED UP), MOST INTEGRATED CIRCUIT NOT

OF THE CURRENT FLOWS THROUGH Q1 INSTEAD OF THE LED. GATES ARE CALLED INVERTERS. 19



[USE TRANSISTORS TO MAKE AN AND GATE

CONNECT TWO TRANSISTOR YES GATES IN SERIES AND YOU HAVE AN AND GATE. IN THIS
PROJECT YOU WILL FIRST BUILD AN AND GATE. THEN YOU WILL TEST THE GATE TO SEE IF ITS
OPERATION MATCHES THE AND GATE TRUTH TABLE.

PARTS YOU WILL NEED

RI, R2-10k (BRN-BLK-ORG)
— Ql, Q2-NPN TRANSISTORS _ = _
~l_— 3, R4-4.% (YEL-VIO-RED) & —— ) @01 =) LED I-RED LED
RS-k (BRN-BLK-RED)

CIRCUIT DIAGRAM

+4.5v +4,5v
AND GATE A QI-NPN TRANSISTOR
s1| s2 |LED (9014) 7y
OFF | OFF | OFF St
OFF | ON | OFF | S
47 46
ON | oFF | OFF $2
ON | oN | ON 51—0_
4q 4

IN A SIMPLE GATE

LKKE THIS ONE, THE
LED MAY GLOW VERY
DIMLY WHEN OFF. =

BUILD THE CIRCUIT |

—
.

1. OPUSH THE POWER SWITCH TO OFF. 9. OINSERT RS BETWEEN I24 AND A24.

2. OJINSERT Ql AT M23 (E), k3 (B) AND I (C). 10. OO CONNECT M25 TO P25 (WHT WIRE).

3. OINSERT Q2 AT T23 (E), R23 (B) AND P23 (C). 11. COCONNECT A2l TO V3 (+4.5V) (WHT WIRE).

4. O INSERT LED 1 BETWEEN T25 (ANODE) AND 12. [JCONNECT SPRINGS 47 AND @ (WHT WIRE).
GROUND (CATHODE). 13. OJCONNECT SPRING 46 TO kle (RED WIRE).

5. OINSERT Rl BETWEEN k20 AND K2Ll. 14. O CONNECT SPRING 48 AND Rle (RED WIRE).

b. O INSERT R2 BETWEEN R20 AND R21. 15. O CONNECT SPRING 47 TO (+4.5Vv) V3 (BLU

7. O INSERT R3 BETWEEN k18 AND GROUND. WIRE).

8. O INSERT R4 BETWEEN R18 AND GROUND.

2. TEST THE CIRCUIT

CHECK YOUR WIRING. BE SURE NO EXPOSED RESISTOR WIRES ARE TOUCHING ONE ANOTHER.
PUSH THE POWER SWITCH ON. NOW FIND OUT IF THE CIRCUIT S LED OUTPUT MATCHES THE
TRUTH TABLE. THE LED SHOULD GLOW ONLY WHEN YOU PRESS BOTH S1 AND S2. OTHERWISE
THE LED WILL BE OFF.

HOW THE AND GATE WORKS

TRANSISTORS Q1 AND Q2 ARE CONNECTED IN SERES LIKE THE TWO SWITCHES IN A MECHANICAL

SWITCH AND GATE. ONLY WHEN BOTH Ql AND Q2 ARE SWITCHED ON DOES THE LED RECEIVE

CURRENT AND GLOW. WE USED THE DPDT SWITCH TO CONTROL THE INPUTS OF THE TRANSISTOR

YES AND NOT GATES. FOR THIS CIRCUIT WE NEED SEPARATE INPUT SWITCHES. SO R3 AND R4 ARE

ADDED TO PULL THE BASES OF Q1 AND Q2 DOWN TO GROUND (LOW OR 0). CLOSING S1 OR S2
20 APPLIES CURRENT TO THE BASES OF Q1 AND Q2, THUS SWITCHING THEM ON (HIGH OR 1).




|[USE TRANSISTORS TO MAKE A NAND GATE

A 2-TRANSISTOR AND GATE CAN ALSO BE USED AS A NAND GATE. YOU WILL MODIFY AN AND
GATE TO FUNCTION AS A NAND GATE. THEN YOU WILL COMPARE THE OPERATION OF THE GATE
WITH THE NAND GATE TRUTH TABLE.

PARTS YOU WILL NEED

THIS CIRCUIT IS A MODIFED VERSION OF THE 2-TRANSISTOR AND GATE ON PAGE 20.
NO ADDITIONAL PARTS ARE REQUIRED.

CIRCUIT DIAGRAM

NAND GATE

Sl

S2

LED

OFF

OFF

ON

OFF

ON

ON

ON

OFF

ON

ON

ON

OFF

+4.5V
A

THS5v

LEDL

R

[1. MODIFY THE AND GATE CIRCUIT ON PAGE 20

MODIFY THE AND GATE CIRCUIT ON PAGE 20 BY FOLLOWING THESE STEPS:

1. OPUSH THE POWER SWITCH TO OFF.
2. OOMOVE LED 1'S ANODE FROM T25 TO T2b.

3.
4.

OO CONNECT T28 TO I25 (WHT WIRE).
O CONNECT T25 TO GROUND (WHT WIRE).

2. TEST THE CIRCUIT

BE SURE ALL THE CONNECTIONS ARE CORRECT AND NO EXPOSED RESISTOR WIRES ARE TOUCHING
ONE ANOTHER. THEN PUSH THE POWER SWITCH TO ON. THE LED WILL GLOW. NOW FIND OUT IF
THE CIRCUIT'S LED OUTPUT MATCHES THE TRUTH TABLE. THE LED SHOULD TURN OFF ONLY
WHEN YOU PRESS BOTH S1 AND S2. OTHERWISE THE LED wILL BE ON.

HOW THE NAND GATE WORKS

THIS CIRCUIT SHOWS HOW TO TRICK AN AND GATE INTO BECOMING A NAND GATE SIMPLY BY
MOVING THE OUTPUT LED. THIS IS THE SAME METHOD USED TO MAKE THE ONE-TRANSISTOR NOT
GATE WE BUILT EARLIER. CURRENT FLOWS THROUGH Ql AND Q2 ONLY WHEN BOTH Q1 AND Q2
ARE SWITCHED ON. WHEN THIS HAPPENS, MUCH MORE CURRENT FLOWS THROUGH Ql AND Q2 THAN

LED 1, AND THE LED SWITCHES OFF. WHEN Q1 AND Q2 OR EITHER Q1 OR Q2 ARE OFF, CURRENT

FLOWS DIRECTLY THROUGH RS AND LED 1, AND THE LED GLOWS.

|A REMINDER ABOUT LOGICAL 0 (LOW OR OFF) AND LOGICAL 1 (HIGH OR ON)

THE TRUTH TABLES FOR THE TRANSISTOR AND GATE AND NAND GATE USE OFF AND ON FOR

THE TWO POSSIBLE LOGIC STATES. REMEMBER THAT OFF IS THE SAME AS LOGICAL 0 (LOW) AND

ON IS THE SAME AS LOGICAL 1 (HIGH).

21
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|[USE TRANSISTORS TO MAKE AN OR GATE

CONNECT TWO TRANSISTOR BUFFERS OR YES GATES IN PARALLEL AND YOU GET AN OR GATE.
YOU WILL BUILD AN OR GATE. THEN YOU WILL TEST THE GATE TO SEE IF ITS OPERATION
MATCHES THE OR GATE TRUTH TABLE.

PARTS YOU WILL NEED

R1, R2-10K (BRN-BLK-ORG)

Q1, Q2

— — R3, R4-4.7K (YEL-VIO-RED) E § NPN TRANSISTORS ':;iij) LED 1-RED LED
RS-k (BRN-BLK-RED) (9014)
CIRCUIT DIAGRAM
+4.5 v +4.5v
A
i,
OR GATE 1K
si | s2 | LED St c |
OFF | OFF | OFF —° o—o EBC
49 40 RL
OFF | ON | ON S2 10K ¢
oN | oFF | oN 515 . 8 Q2 Leo
oN | oN | ON 1 ae ok g e
RS R‘-{ SPoT
HIK 2 47K LEDL \_‘D‘l—\s
Ny
[1. BUILD THE CIRCUIT
1. OPUSH THE POWER SWITCH TO OFF. 9. O INSERT RS BETWEEN I24 AND A24.
2. OJINSERT QL AT M23 (E), k23 (B) AND I23 (C). 10. OO CONNECT M25 TO T25 (WHT WIRE).
3. OINSERT Q2 AT T23 (E), R23 (B) AND P23 (C). 1. OO CONNECT I25 TO P25 (WHT WIRE).
4. OINSERT LED 1 BETWEEN T2l (ANODE) AND 12. CICONNECT A2l TO V3 (+4.5V) (WHT WIRE).
GROUND (CATHODE). 13. CJCONNECT SPRINGS 47 AND ‘A (WHT WIRE).
5. CJINSERT Rl BETWEEN k20 AND K2l 14. CJCONNECT SPRING 46 TO Klb (RED WIRE).
b. OO INSERT R2 BETWEEN R20 AND R2l. 15. CJCONNECT SPRING 48 AND Rl (RED WIRE).
7. CJINSERT R3 BETWEEN k18 AND GROUND. 1b. OOJCONNECT SPRING 47 TO V3 (+4.5V) (BLU
8. CJINSERT R4 BETWEEN R1& AND GROUND. WIRE).

2

. TEST THE CIRCUIT

CAREFULLY CHECK YOUR WIRING. THEN PUSH THE POWER SWITCH ON. NOW TEST THE CIRCUIT TO
SEE IF THE LED OUTPUT MATCHES THE TRUTH TABLE. PRESSING S1 OR S2, OR BOTH SI AND S2,
WILL SWITCH THE GATE ON AND LIGHT THE LED. OTHERWISE THE LED wILL BE OFF.

HOW THE OR GATE WORKS

TRANSISTORS Q1 AND Q2 ARE CONNECTED IN PARALLEL LIKE THE TWO SWITCHES IN A SWITCH
OR GATE. WHEN EITHER OR BOTH Ql AND Q2 ARE SWITCHED ON, THE LED SWITCHES ON AND
GLOWS. WE USED THE DPDT SWITCH TO CONTROL THE INPUTS OF THE TRANSISTOR YES AND
NOT GATES. AS WITH THE AND GATE AND THE NAND GATE, WE NEED SEPARATE INPUT
SWITCHES. R3 AND R4 PULL THE BASES OF Ql AND Q2 DOWN TO GROUND (LOW OR 0). CLOSING
S1 OR S2 APPLIES CURRENT TO THE BASES OF Ql AND Q2 AND SWITCHES THEM ON (HIGH OR 1).




|[USE TRANSISTORS TO MAKE A NOR GATE

A 2-TRANSISTOR OR GATE CAN ALSO BE USED AS A NOR GATE. YOU WILL MODIFY AN OR GATE
TO FUNCTION AS A NOR GATE. THEN YOU WILL TEST THE GATE TO SEE IF ITS OPERATION
MATCHES THE NOR GATE TRUTH TABLE.

PARTS YOU WILL NEED

THIS CIRCUIT IS A MODIFIED VERSION OF THE 2-TRANSISTOR OR GATE ON PAGE 22.
NO ADDITIONAL PARTS ARE REQUIRED.

CIRCUIT DIAGRAM

+4.85v +4.85vy
Vi
A al
RS
NOR GATE 1K

)

St c
Sl | s2 | LED .
Sl ) ¢ | LED 55 wat QL I
OFF | OFF | ON 47 46 R1
Sz 1ok ’g
OFF | ON | OFF | g
O G & Ql LED
ON | OFF | OFF 49 4o R
oK E FL;T
ON | ON | OFF R3 S RY LED 1 \ Srat
4K 2 4K AN NN
\\ -

[1. MODIFY THE OR GATE CIRCUIT ON PAGE 22

MODIFY THE OR GATE CIRCUIT ON PAGE 22 BY FOLLOWING THESE STEPS:

1. OPUSH THE POWER SWITCH TO OFF. 3. COCONNECT T28 TO I22 (RED WIRE).
2. OMOVE LED 1S ANODE FROM R2l TO T2e. 4. OOCONNECT T21 TO GROUND (WHT WIRE).

2. TEST THE CIRCUIT

BE SURE ALL THE CONNECTIONS ARE CORRECT. THEN PUSH THE POWER SWITCH TO ON. THE LED
WILL GLOW. NOW TEST THE CIRCUIT TO FIND OUT IF THE LED MATCHES THE TRUTH TABLE.
WHEN EITHER SI OR S2, OR BOTH S1 AND S2, ARE PRESSED, THE LED wiLL BE OFF. ONLY
WHEN BOTH S1 AND S2 ARE OFF (LOW) WILL THE LED GLOW.

HOW THE NOR GATE WORKS

JUST AS YOU USED AN AND GATE AS A NAND GATE, THIS CIRCUIT USES AN OR GATE AS A NOR
GATE BY MOVING THE LED. WHEN BOTH S1 AND S2 ARE OPEN, BOTH Ql AND Q2 ARE OFF, AND
CURRENT FLOWS THROUGH THE LED. THE LED GLOWS (HIGH OR 1) . WHEN EITHER S1 OR S2 IS
CLOSED, Ql OR Q2 SWITCHES ON AND DIVERTS THE CURRENT FROM FLOWING THROUGH THE LED.
THE LED THEN SWITCHES OFF (LOW OR 0). R3 AND R4 PULL THE BASES OF Q1 AND Q2 TO
GROUND, THUS KEEPING THEM SWITCHED OFF UNTIL EITHER SI OR S2 IS CLOSED.

STILL MORE ABOUT LOGICAL 0 (LOW) AND LOGICAL 1 (HIGH)

THE TRANSISTOR GATE CIRCUITS YOU HAVE BEEN BUILDING USE THE POSITIVE LOGIC SYSTEM IN
WHICH OFF = LOW = 0 AND ON = HIGH = 1. LOGIC CIRCUITS CAN ALSO USE THE NEGATIVE LOGIC
SYSTEM IN WHICH OFF = HIGH = 1 AND ON = LOW = 0. ’2
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4001 QUAD NOR GATE: BUILD A SIMPLE LED FLASHER

NAND AND NOR GATES CAN BOTH BE USED TO BUILD OSCILLATOR CIRCUITS. JUST TE THE
INPUTS TOGETHER TO CONVERT THEM INTO INVERTERS. THIS CIRCUIT IS AN ULTRA-SIMPLE LED
FLASHER MADE FROM HALF THE GATES IN A 4001.

[PARTS YOU WILL NEED

EEITIE —— o .
p 00t RI-IM (BRN-BLK-GRN) =) =D
Teiaes R2-22 (RED-RED-ORG) C1-10 UF LED 1-RED LED

R3-1K (BRN-BLK-RED)

Cl1 1S AN ELECTROLYTIC CAPACITOR. OBSERVE
THE POLARITY (+ AND -) OF THE LEADS WHEN
INSERTING THEM INTO THE BREADBOARD.

vy
LED -

AL )

D LED FLASHERS DON'T
GET MUCH SIMPLER.

)

GROUND UNUSED INPUTS (PINS 8, 9, 12 AND 13).

[1. BUILD THE CIRCULIT

1. O PUSH THE POWER SWITCH TO OFF. 8. [0 CONNECT F11 TO GII (WHT WIRE).
2. O INSERT THE 4001 ACROSS SLOT 3 (PIN 1 9. [0 CONNECT H12 TO J12 (WHT WIRE).

AT FI5). 10. O CONNECT J11 TO K11 (WHT WIRE).
3. O INSERT Rl ACROSS E14 AND Fi4. 11. OO CONNECT L1I TO GROUND (WHT WIRE).
4. O INSERT R2 ACROSS EI3 AND HI3. 12. OO CONNECT F20 TO V4 (+bV) (WHT WIRE).
5. O INSERT R3 ACROSS I14 AND TIA. 13. O CONNECT G20 TO GROUND (RED WIRE).
6. O INSERT C1 ACROSS Ell (=) AND Ill (+). 14. O CONNECT H20 TO GROUND (WHT WIRE).
7. 0O INSERT LED 1 ACROSS Til (ANODE) AND 15. OO CONNECT k20 TO GROUND (WHT WIRE).

GROUND (CATHODE). le. 00 CONNECT L20 TO GROUND (WHT WIRE).

2. TEST THE CIRCUIT

INSPECT THE CIRCUIT FOR ERRORS. THEN PUSH THE POWER SWITCH ON. THE LED SHOULD
BEGIN FLASHING A FEW TIMES EACH SECOND. YOU CAN CHANGE THE FLASH RATE BY CHANGING
THE VALUES OF R2 AND Cl.

HOW THE CIRCUIT WORKS

THIS CIRCUIT WORKS LIKE THE 4011 TONE OSCILLATOR ON PAGE 46. THE INPUTS OF BOTH GATES
ARE TIED TOGETHER. THIS CONVERTS THEM TO INVERTERS. THIS MEANS THAT 4011 NAND GATES
AND 4001 NOR GATES CAN BE USED INTERCHANGEABLY WHEN THEY ARE USED AS INVERTERS.
LIKEWISE, YOU CAN USE THE 4001 IN 4011 TONE GENERATOR CIRCUITS. THE 4049 INCLUDES SIX
INVERTERS IN A SINGLE CHIP. THIS CHIP WILL ALSO WORK IN SIMPLE TONE GENERATOR AND
LED FLASHER CIRCUITS. THE ADVANTAGE OF USING NOR AND NAND GATES IS THAT WE CAN
DISCONNECT ONE OF THE INPUTS AND USE IT TO CONTROL THE CIRCUIT (SEE PAGE 31).



4001 QUAD NOR GATE: BUILD A FANCY LED FLASHER

YOU WILL MODIFY THE SIMPLE LED FLASHER BY ADDING A SECOND LED THAT SWITCHES ON WHEN
THE FIRST LED SWITCHES OFF. YOU WILL ALSO ADD A POTENTIOMETER THAT WILL ALLOW YOU
TO CONTROL THE RATE OF THE BACK-AND-FORTH FLASHING OF THE TwoO LEDS.

[PARTS YOU WILL NEED |

YOU WILL NEED THE SIMPLE LED - ZKT:];D::D D) =1
FLASHER ON PAGE 24 PLUS: -2. -RED-
R4-IK (BRN-BLK-RED) LED 2-GREEN

[CIRCUIT DIAGRAM |

+bV

LR
-

AV,

1]

A\ Seor THIS DUAL-LED FLASHER
- _ﬁ\_ IS MORE ATTENTION-
1R = GETTING THAN A
SINGLE-LED FLASHER.
LED1
N

GROUND UNUSED INPUTS (PINS 8, 9, 12
1 1 AND 13).

—

. CONVERT THE SIMPLE LED FLASHER ON PAGE 249 INTO A FANCY LED FLASHER

1. O PUSH THE POWER SWITCH TO OFF. 5. O INSERT LED 2 ACROSS T18 AND GROUND.
2. O REMOVE OLD R2 FROM EI3 AND HI3. b. O CONNECT SPRING 34 TO HI4 (RED WIRE).
3. O INSERT NEW R2 ACROSS EI3 AND Al3. 7. O CONNECT SPRING 35 TO All (BLU WIRE).
4. 0O INSERT R4 ACROSS J14 AND Tlb.

2. TEST THE CIRCUIT

CHECK THE CIRCUIT FOR ERRORS. THEN PUSH THE POWER SWITCH ON. THE RED AND GREEN LEDS
WILL FLASH ALTERNATELY. ROTATE CONSOLE POTENTIOMETER RS'S KNOB TO VARY THE BACK-
AND-FORTH FLASH RATE FROM ONCE EVERY FEW SECONDS TO A FAST FLICKER.

GOING FURTHER

SINCE THE INPUTS OF THE NOR GATES ARE TIED TOGETHER TO MAKE THEM INTO INVERTERS,
ANY INVERTERS SHOULD WORK IN THIS CIRCUIT. TO PROVE THIS, SWITCH OFF THE POWER AND
CAREFULLY REMOVE THE 4001 QUAD NOR GATE IC. THEN INSERT A 4011 QUAD NAND GATE IC IN
ITS PLACE. BE SURE THAT PIN 1 ON THE 4011 IS AT Fi15. NOW SWITCH THE POWER BACK ON.
THE LEDS SHOULD CONTINUE TO FLASH JUST AS THEY DID WHEN THE 4001 WAS INSTALLED.

YOU CAN USE A PUSHBUTTON SWITCH TO CHANGE THE FLASH RATE FROM FAST TO SLOW. FIRST,
SET THE 100k CONSOLE POT FOR THE FAST FLASH RATE YOU WANT. THEN INSERT VARIUS
CAPACITORS IN PARALLEL WITH C1 UNTIL YOU GET THE SLOW FLASH RATE YOU WANT. INSERT
THE NEW CAPACITOR ACROSS EI5 (=) AND B15 (+). IMPORTANT: OBSERVE POLARITY (SEE PAGE 24)
WHEN ADDING NEW CAPACITORS. CONNECT SPRING 4 TO I12 (RED WIRE) AND SPRING 47 TO BIA
(BLU WIRE). PRESS S1 TO CHANGE THE FLASH RATE FROM FAST TO SLOW. -




4001 QUAD NOR GATE: BUILD A DARK-ACTIVATED DUAL LED FLASHER

YOU WILL ADD A LIGHT-SENSING CIRCUIT BETWEEN THE SIMPLE LED FLASHER AND THE POWER
SUPPLY. THE SENSOR CIRCUIT WILL APPLY POWER TO THE FLASHER ONLY WHEN THE LIGHT
INTENSITY FALLS BELOW A THRESHOLD THAT YOU WILL ADJUST USING A POTENTIOMETER.

[PARTS YOU WILL NEED

YOU WILL NEED THE SIMPLE LED =\ [O
FLASHER ON PAGE 24 PLUS: S

Ql-POWER FET I

6bhs

[CIRCLIT DIAGRAM

+qy +

R

31 Lr?J\

Qv

LED

THIS IS THE SIMPLE LED FLASHER
WITH A SECOND LED AND CURRENT
LIMITING RESISTOR PLUS A POWER
FET (Ql) BETWEEN +3v AND THE

{S3™  CReWIT. CONSOLE POT R2 AND
s I PHOTORESISTOR PRI FORM A

B. q VOLTAGE DIVIDER THAT SWITCHES
b

nj
Ql
h@ D
L G S
Q1

14
AT 3
:?- 5409“# Ql ON WHEN THE RESISTANCE OF
Nl 7 et 4 PRL IS HIGH, WHICH OCCURS WHEN
69 ot g R SRS SRy fge7 RS PRI IS DARK. SO QI SWITCHES
AT ukq 1k THE FLASHER ON WHEN PRI IS
DARK.

J
2
W

1 1 GROUND UNUSED INPUTS (PINS 8,
=< = = 9, 12 AND 13).

1. CONVERT THE SIMPLE LED FLASHER ON PAGE 24 INTO A DARK ACTIVATED FLASHER

THESE STEPS ALSO APPLY TO THE FANCY LED FLASHER (JUST DELETE STEPS 3 AND 4).

O PUSH THE POWER SWITCH TO OFF. 7. O CONNECT B20 TO Vb (+9v) (WHT WIRE).
0O REMOVE WHITE WRE FROM F20 TO V4 (+V). 8. 0O CONNECT SPRING 32 TO Ve (+9v) BLU WIRE).
O INSERT R4 ACROSS J14 AND Tle. 9. O CONNECT SPRING 31 TO (18 (BLU WIRE).

O INSERT LED 2 ACROSS T1& AND GROUND. 10. [0 CONNECT SPRING &4 TO €20 (BLU WIRE).
O INSERT Q1 AT Cle (G), Ble () AND Al (S). 11. [0 CONNECT SPRING &5 TO GROUND (BLL WIRE).
O CONNECT A20 TO F20 (WHT WIRE).

SO e

2. TEST THE CIRCUIT

BE SURE ALL THE CONNECTIONS ARE CORRECT. PLACE BLACK TAPE OR AN OPAQUE OBJECT OVER
THE PHOTORESISTOR APERTURE. THEN PUSH THE POWER SWITCH ON. NOW ADJUST THE IM
CONSOLE POTENTIOMETER (R2) UNTIL THE LEDS JUST BEGIN FLASHING. REMOVE THE TAPE OR
COVER FROM THE PHOTORESISTOR AND THE LEDS SHOULD STOP FLASHING. THE CIRCUIT IS VERY
SENSITIVE TO LIGHT.

|GOING FURTHER

THIS CIRCUIT HAS PRACTICAL APPLICATIONS SINCE IT AUTOMATICALLY SWITCHES ON AT NIGHT
o, OR WHEN THE ROOM LIGHTS GO OUT. REDUCE THE VALUE OF c1 TO SPEED THE FLASH RATE.



4001 QUAD NOR GATE: BUILD A SET-RESET LATCH

HAVE YOU WONDERED HOW PUSH-ON/PUSH-OFF SWITCHES WORK? MANY CIRCUITS AND PRODUCTS
USE THEM. YOU WILL BUILD A COMMON VERSION OF THESE NEAT SWITCHES, A SET-RESET LATCH.
YOU WILL ALSO LEARN HOW THIS SIMPLE CIRCUIT DOUBLES AS A MEMORY CELL.

[PARTS YOU WILL NEED |

CERERERE = _— =)
n 4001 a"“;)
S— R1, R2-10k (BRN-BLK-ORG) LED 1-RED LED
tE3asen R3, R4-1k (BRN-BLK-RED) LED 2-GREEN LED
[CIRCUIT DIAGRAM
toeV + 06V THS CRCUIT CAN ALSO BE DRAWN Leo SET-RESET LATCH
IN THE CRISS-CROSS STYLE ON X
st | s2 | LED|LED
FLAT === =& LV | LY
4 49 PAGE 28. \ \\swn' 1 2
51_1 sz_i D
ou S OFF | ON | OFF | ON
| ON | OFF | ON | OFF

SST/4\ 4
v J4001 S1 AND S2 SHOULD
- ALWAYS BE AT

OPPOSITE STATES.
L R3 g R4
1K 1K
SRt IRe
10Kk 10K LED LED
2 1

1 L 1L N GROUND UNUSED INPUTS (PINS 8,

— — — — — 9, 12 AND 13).
1. BULD THE CIRCUIT
1. O PUSH THE POWER SWITCH TO OFF. 1. O CONNECT LI3 TO GROUND (WHT WIRE).
2. O INSERT THE 4001 ACROSS SLOT 3 (PIN 1 12. [1 CONNECT F20 TO V4 (+6V) (WHT WIRE).

AT FIS). I3. O CONNECT SPRING 4 TO Kil (RED WIRE).
3. O INSERT Rl ACROSS KI4 AND GROUND. 14. O CONNECT SPRING 48 TO FI4 (RED WIRE).
4. O INSERT R2 ACROSS FIl AND L1L 15. O CONNECT SPRINGS 47 AND 49 (WHT WIRE).
5. O INSERT R3 ACROSS Ii4 AND TI7. lo. O CONNECT SPRING 40 TO VA (+V) (BLU WIRE).
6. O INSERT R4 ACROSS HI4 AND TIA. 17. O CONNECT G20 TO H20 (WHT WIRE).
7. O INSERT LED 1 ACROSS TI5 AND GROUND. 18. [0 CONNECT K20 TO L20 (WHT WIRE).
8. O INSERT LED 2 ACROSS Tl AND GROUND. 19. O CONNECT HI9 TO K19 (WHT WIRE).
9. O CONNECT Gll TO Iil (WHT WIRE). 20. O CONNECT L19 TO GROUND (WHT WIRE).
10. O CONNECT HiL TO Ji (WHT WIRE).

2. TEST THE CIRCUIT

CHECK TO MAKE SURE THERE ARE NO ERRORS AND THAT NO RESISTOR WIRES ARE TOUCHING.
THEN PUSH THE POWER SWITCH ON. PRESS S1 AND LED 1 WILL GLOW AND LED 2 WILL SWITCH
OFF. PRESS S2 AND LED 2 WILL GLOW AND LED 1 WILL SWITCH OFF. NOTICE THAT THE SELECTED
LED REMAINS ON AFTER YOU RELEASE THE PUSHBUTTON SWITCH. THIS SHOWS THE LATCHING OR
MEMORY ACTION OF THE SET-RESET LATCH. THIS BASIC PRINCIPLE IS USED IN VARIOUS KINDS OF
DIGITAL MEMORY CHIPS. THE 4001 CIRCUIT ON PAGE 28 SHOWS HOW TO TRIGGER AN EXTERNAL
CIRCUIT WITH THE SET-RESET LATCH. 27




4001 QUAD NOR GATE: USE A LATCH TO CONTROL ANOTHER CIRCUIT.

NOW THAT YOU KNOW HOW A LATCH CIRCUIT WORKS, LET'S USE A LATCH TO CONTROL ANOTHER
CIRCUIT. YOU WILL BUILD A TONE GENERATOR THAT YOU WILL SWITCH OFF AND ON USING
PUSHBUTTON SWITCHES CONNECTED TO THE INPUTS OF A LATCH. BESIDES DEMONSTRATING
A PRACTICAL APPLICATION, THIS CIRCUIT SHOWS HOW A LOGIC SIGNAL CAN SWITCH A TONE.

[PARTS YOU WILL NEED

—n— —

YOU WILL NEED THE R5-IM (BRN-BLK-GRN)
SET-RESET LATCH ON R6-100K (BRN-BLK-YEL)
PAGE 27 PLUS:

C1-0.01 UF (103)

[CIRCUIT DIAGRAM

+bv + b\ 1
10 59
) T1T 62 8 SPKR
s1 47 49 L/4
s? _{
_, 4001 R ct
T46 48 1 14 100K 0.01,f| LK —
CpRe T
2 RS
LM (A3 1 3 L9
THE CIRCUIT ABOVE IS
THE TONE GENERATOR.
RY
1K THE CIRCU\T AT LEFT
LED IS THE SET-RESET
1 LATCH (SEE PAGE 27).
N

|1. ADD THE TONE GENERATOR CIRCUIT TO THE BRASIC LATCH ON PAGE 27

1. O PUSH THE POWER SWITCH TO OFF. 9. O CONNECT HI19 TO J20 (WHT WIRE).

2. O REMOVE WIRE FROM L19 TO GROUND. 10. OO0 CONNECT L20 TO HI13 (RED WIRE).

3. O REMOVE WIRE FROM K20 TO L20. 11. O CONNECT SPRING 59 TO I20 (RED WIRE).
4. O REMOVE WIRE FROM HI19 TO Ki9. 12. O CONNECT SPRING 6l TO GROUND (RED

5. O INSERT RS ACROSS k17 AND D17. WIRE).

b. O INSERT Re ACROSS J18 AND Di8. 13. O CONNECT SPRINGS 62 AND 68 (RED WIRE).
7. O INSERT Cl ACROSS I19 AND Di9. 14. OO CONNECT SPRINGS 63 AND &9 (RED WIRE).
8. O CONNECT G20 TO H20 (WHT WIRE).

2. TEST THE CIRCUIT

CHECK FOR ERRORS AND BE SURE THAT THE LATCH CIRCUIT IS STILL OK. NOW PUSH THE POWER

SWITCH ON. PRESS SI1. THE RED LED (LED 1) WILL GLOW AND THE SPEAKER WILL BE SILENT. NOW

PRESS S2. THE GREEN LED WILL GLOW AND THE SPEAKER WILL EMIT A BUZZ OR TONE. REPEAT

THIS PROCEDURE SEVERAL TIMES TO MAKE SURE THE LATCH IS REALLY SWITCHING THE TONE

GENERATOR OFF AND ON. LATCHES ARE USED IN SEQUENTIAL LOGIC CIRCUITS AND IN VARIOUS
28 KINDS OF MEMORY APPLICATIONS.



4001 QUAD NOR GATE: BUILD A ONE SHOT MONOSTABRLE MULTIVIRRATOR

THIS NIFTY CIRCUIT HAS A MIND OF ITS OWN. PRESS A PUSHBUTTON, AND AN LED GLOWS FOR
A TIME DETERMINED BY THE CIRCUIT, NOT BY HOW LONG YOU PRESS THE PUSHBUTTON.
YOU WILL BUILD AND LEARN HOw TO USE AND ADJUST THIS VERY USEFUL CIRCUIT.

[PARTS YOU WILL NEED

ABEREAS =l — ) ré
p o “oot R2-4.7k (YEL-VIO-RED) T e S
OO R3-1K (BRN-BLK-RED) Cl-1 UF LED 1-RED LED
[CIRCLIT DIAGRAM |
+bV +bV + bV
= POSITIVE LOGIC: s1| LED1I
st I% = ek OFF = LOW = 0 OFF OFF
- 32 ¢ Rt (AT ON = HIGH = 1
Q47 LM ON | ON UNTIL CI

_.D,I_
R

—_—

ouT 1
(LEeD) o

GROUND UNUSED INPUTS (PINS 8, 9, 12 AND 13).

OFF

DISCHARGES

THIS CIRCUIT IS A MONOSTABLE MULTIVIBRATOR.

MONO MEANS ONE AND A MULTIVIBRATOR IS
CIRCLIT THAT FLIPS BETWEEN TWO STATES.
SO A MONOSTABLE FLIPS JUST ONCE AND
ONLY WHEN TRIGGERED. THE MONOSTABLE
MULTIVIBRATOR 1S COMMONLY CALLED THE

“ ONE-SHOT. "

A

[1. BUILD THE CIRCULIT

1. O PUSH THE POWER SWITCH TO OFF. 11.
2. O INSERT THE 4001 OVER SLOT 3 (PIN 1 AT FI5). 12.
3. O CONNECT GII TO Il (WHT WIRE). 13.
4. O CONNECT JlI TO K1l (WHT WIRE). 14.
5. O CONNECT L11 TO GROUND (WHT WIRE). 15.
b. O CONNECT F20 TO V4 (+6V) (WHT WIRE). le.
7. O CONNECT G20 TO GROUND (RED WIRE). 17.
8. O CONNECT K20 TO GROUND (WHT WIRE).  18.
9. O CONNECT H1? TO GROUND (RED WIRE).

—
o

. O CONNECT L19 TO GROUND (WHT WIRE).

CONNECT SPRING 31 TO F17 (BLU WIRE).
CONNECT SPRING 32 TO K13 (BLU WIRE).
CONNECT SPRING 47 TO F13 (RED WIRE).

INSERT R2 ACROSS F12 AND LlI2.
INSERT R3 ACROSS I3 TO TI3.
INSERT Cl ACROSS HI2 (=) AND J12 (+).
INSERT LED 1 ACROSS T15 (ANODE) AND
GROUND (CATHODE).

Oo0oOoO0oo0ooOono

CONNECT SPRING 46 TO V4 (+V) (BLL WIRE).

2. TEST THE CIRCUIT

CHECK THE CIRCUIT FOR ERRORS. SET THE IM CONSOLE POT (R1) TO ITS MID-POINT AND THEN
PUSH THE POWER SWITCH ON. THE LED WILL BE OFF. NOW PRESS S1 TO APPLY LOGICAL 1 TO
THE GATE INPUT. THE CIRCUIT WILL THEN EMIT AN OUTPUT PULSE, AND THE LED WILL GLOW
DURING THE ENTIRE PULSE. THE DURATION OF THE OUTPUT PULSE, THUS THE TIME THE LED
GLOWS, IS APPROXIMATELY 0.8 X Rl X Cl. SIMPLY BY ADJUSTING Rl, YOU CAN CHANGE THE
OUTPUT PULSE FROM A FRACTION OF A SECOND TO | SECOND OR SO. TRY IT AND SEE. IF THE
LED STAYS ON INDEFINITELY AFTER YOU PRESS S1, ADJUST Rl TO A LOWER RESISTANCE.

29




4001 QUAD NOR GATE: BUILD A ONE SHOT TONE BRURSTER

THE “ONE-SHOT " CIRCUIT ON PAGE 29 LIGHTS AN LED WHEN A SWITCH IS PRESSED. YOU WILL
ADD A POWER FET THAT ACTIVATES THE CONSOLE BUZZER AT THE SAME TIME THE LED IS
GLOWING.

[PARTS YOU WILL NEED

—_—
R4-1K (BRN-BLK-RED)

= ey \\
YOU WILL NEED THE ONE- —R
SHOT CIRCUIT PLLS:

N

Ql1-POWER FET

[CIRCLIT DIAGRAM

+q ¥
v Y Hav ' bosiTIVE Logic: | St | BuzZzER

ON | ON UNTIL Cl1

<| ON = HIGH =1
OFF DISCHARGES

POWER FET Qi SWITCHES THE
BUZZER OFF AND ON WITHOUT
LOADING DOWN THE NOR GATE.
TO DRIVE THE CONSOLE RELAY,
JUST MOVE THE BLUE WIRES AT
SPRINGS &b AND 67 TO SPRINGS
57 AND 58.

g R
q4.71K

GROUND UNUSED INPUTS (PINS 8,
9, 12 AND 13).

(S S

|1. MODIFY THE ONE-SHOT CIRCUIT

O CONNECT F20 TO Ve (+9Vv) (RED WIRE).
O CONNECT P20 TO Ve (+9V) (RED WIRE).
O CONNECT SPRING b TO 020 (BLU WIRE).
O CONNECT SPRING &7 TO GROUND (BLU WIRE).

O PUSH THE POWER SWITCH TO OFF.

O INSERT QL AT Q18 (G), P18 ©) AND 018 (S).
O INSERT R4 ACROSS II4 AND Qle.

O REMOVE WHITE WRE FROM F20 TO V3 (+6V).

LW
IR

2. TEST THE CIRCUIT

AFTER YOU CHECK THE CIRCUIT FOR ERRORS, SET THE IM CONSOLE POT (R1) TO ITS MID-POINT
AND PUSH THE POWER SWITCH ON. THE LED WILL BE OFF, AND THE BUZZER WILL BE SILENT.
NOW PRESS S1. THE LED WILL GLOW BRIEFLY, AND THE BUZZER WILL EMIT A PULSE OF SOUND.
IF YOU SET Rl TO A LOW RESISTANCE, THE OUTPUT PULSE WILL BE BRIEEF AND THE TONE
BURST WILL CEASE BEFORE YOU REMOVE YOUR FINGER FROM THE SWITCH. IF YOU SET Rl FOR
A HIGHER RESISTANCE, THE TONE WILL SOUND FOR A SECOND OR SO. IF THE LED AND TONE
STAY ON INDEFINITELY, REDUCE R1 TO A LOWER RESISTANCE. YOU MAY NEED TO SWITCH THE
POWER SWITCH OFF AND BACK TO ON TO RESET THE CIRCUIT.

GOING FURTHER

YOU CAN USE THIS CIRCUIT TO DEMONSTRATE THAT LIGHT TRAVELS FASTER THAN SOUND. LEAVE

THE CONSOLE AT ONE END OF A LARGE ROOM OR HALLWAY WITH A FREND WHILE YOU WALK

TO THE OPPOSITE END. WHILE YOUR FREEND PRESSES S1, WATCH FOR THE FLASH OF THE LED
30 AND LISTEN FOR THE TONE BURST. WHICH DO YOU DETECT FIRST?



4001 QUAD NOR GATE: BUILD A CONTROL GATE

IF YOU GROUND (LOW OR LOGICAL 0) ONE INPUT OF A NOR GATE, THE GATE 'S OUTPUT STATUS
WILL ALWAYS BE OPPOSITE THAT OF THE LOGICAL SIGNAL AT THE SECOND INPUT. YOU WILL USE
THIS ARRANGEMENT TO CONTROL AN LED.

[PARTS YOU WILL NEED

Miiies 8 =) _)— —>
b 400L RI-10K (BRN-BLK-ORG) -
TIYEILY R2-1K (BRN-BLK-RED) LED 1-RED
[CIRCUIT DIAGRAM
tev tLV ey tov THE CELLS IN LOGIC TRUTH DPDT | SI [LED 1
TABLES CAN INDICATE THE DOWN Low)| OFF | oFF
RE  TWO LOGIC STATES (0 AND
1) WITH OFF AND ON, OR ON | ON
Lep LOW AND HIGH, OR GROUND UP (HIGH) | ON | ON
14 1 AND +Vv.
4 3 | OFF | ON
2. |14001
- IN THIS CIRCUIIT THE LED IS CONNECTED TO +V SO IT
LED WILL GLOW TO INDICATE WHEN PIN 3 GOES LOW. TO
Y MAKE THE LED GLOW WHEN PIN 3 IS HIGH, REVERSE THE
- fAT  |ED AND CONNECT R2 TO GROUND INSTEAD OF +bV.
L toepr L —~1:$+\—
=  SwITCH — S GROUND UNUSED INPUTS (PINS 5, b, 8, 9, 12 AND I3).
[1. BUILD THE CIRCULIT
1. O PUSH THE POWER SWITCH TO OFF. 11. O INSERT R2 ACROSS D15 AND FI7.
2. O INSERT THE 4001 OVER SLOT 3 (PIN 1 AT F15). 12. OJ INSERT LED 1 ACROSS DI3 (ANODE) AND
3. [ CONNECT L1l TO GROUND (WHT WIRE). HI3 (CATHODE).
4. 01 CONNECT F20 TO V4 (+6V) (WHT WIRE). 13. 00 CONNECT G20 TO H20 (WHT WIRE).
5. [0 CONNECT SPRING 4 TO F14 (RED WIRE). 14. OO CONNECT K20 TO L20 (WHT WIRE).
b. O CONNECT SPRING 47 TO FI19 (RED WIRE). 15. 00 CONNECT HI19 TO K19 (WHT WIRE).
7. O CONNECT SPRING “B TO V4 (+V) BLL WRE). 1. OO CONNECT L19 TO GROUND (WHT WIRE).
8. O CONNECT SPRING 44 TO Gll (BLL WIRE). 17. OO CONNECT J14 TO K14 (WHT WIRE).
9. O CONNECT SPRING “6 TO GROUND (RED WIRE). 18. O CONNECT K13 TO GROUND (WHT WIRE).
10. O INSERT RL ACROSS FI2 AND L1I2.

2. TEST THE CIRCUIT |

CHECK THE CIRCUIT FOR ERRORS. PUSH THE DPDT SWITCH DOWN TO GROUND ONE INPUT OF THE
NOR GATE. THEN PUSH THE POWER SWITCH ON. THE LED SHOULD BE OFF. NOW PRESS S1 TO
APPLY LOGICAL 1 TO THE SECOND GATE INPUT. THE LED SHOULD GLOW. THUS THE LED
INDICATES THE STATUS OF Sl (S1 OFF = LED OFF AND S1 ON = LED ON). NOW PUSH THE DPDT
SWITCH UP TO CONNECT THE FIRST GATE INPUT TO +bV. NOW THE LED GLOWS WHETHER OR
NOT S1 IS PRESSED, AND THE GATE OUTPUT NO LONGER FOLLOWS THE INPUT.

GOING FURTHER

YOU CAN REPLACE THE LED AND R2 WITH ONE OF THE 10 CONSOLE LEDS. REMOVE LED 1 AND R2.
CONNECT SPRING 11 TO H13 (RED WIRE) AND SPRING 12 TO V4 (+6V) (WHT WIRE). YOU DON T
NEED R2 SINCE THE CONSOLE LEDS HAVE THEIR OWN SERIES RESISTORS. 31




4001 QUAD NOR GATE: BUILD A LIGHT-ACTIVATED TONE GENERATOR

HERE 'S A PRACTICAL APPLICATION FOR A CONTROL GATE. YOU WILL BUILD A VERY SIMPLE TONE
GENERATOR AND CONNECT IT TO A CONTROL GATE. YOU WILL THEN CONNECT ONE INPUT OF
THE CONTROL GATE TO A PHOTORESISTOR TO MAKE A LIGHT-CONTROLLED TONE CIRCUIT.

[PARTS YOU WILL NEED

ERETE T —1
p 4dool

agugugugugy C1-0.01 UF (103)
1 234567

CIRCUIT DIAGRAM

+oV tobV PHOTORESISTOR TONE
\

DARK (0 OR LOW) OFF
LIGHT (1 OR HIGH) ON

THE TWO UPPER GATES FORM AN
OSCILLATOR. WHEN PHOTORESISTOR
PRI IS DARK, THE LOWER GATE
BLOCKS THE SIGNAL FROM THE
SPEAKER. WHEN PR1 IS ILLUMINATED,
ITS RESISTANCE DROPS, PULLING PN
2 TO GROUND. THIS SWITCHES ON
THE GATE, AND THE SIGNAL
REACHES THE SPEAKER.

GROUND UNUSED INPUTS (PINS 5
LS - 63 b AND ).

[1. BUILD THE CIRCLIT

1. O PUSH THE POWER SWITCH TO OFF. 11. O CONNECT SPRING 31 TO J17 (BLU WIRE).

2. O INSERT THE 4001 OVER SLOT 3 (PIN 1 AT FI5). 12. OO CONNECT SPRING 32 TO L17 (BLU WIRE).

3. O INSERT Cl ACROSS I18 AND Ki18. 13. O CONNECT SPRING 34 TO F1& (BLU WIRE).

4. O CONNECT L11 TO GROUND (WHT WIRE). 14. O CONNECT SPRING 35 TO Gll (BLU WIRE).

5. O CONNECT JlI TO Kl (WHT WIRE). 15. O CONNECT SPRING 59 TO HI4 (BLU WIRE).

b. OO CONNECT G20 TO H20 (WHT WIRE). le. 00 CONNECT SPRING 6l TO GROUND (RED WIRE).
7. 0O CONNECT K20 TO L20 (WHT WIRE). 17. O CONNECT SPRING 64 TO GIM BLU WIRE).

8. 0O CONNECT HI19 TO J19 (WHT WIRE). 18. O CONNECT SPRING 65 TO GROUND (BLL WIRE).
9. O CONNECT FI14 TO I17 (WHT WIRE). 19. O CONNECT SPRINGS 62 AND 68 (RED WIRE).
10. O CONNECT F20 TO VA4 (+bV) (WHT WIRE). 20. OO CONNECT SPRINGS 63 AND 69 (RED WIRE).

2. TEST THE CIRCUIT

CHECK FOR ERRORS. THEN SET CONSOLE POTS Rl AND R2 TO THEIR MID-POINTS AND PUSH THE
POWER SWITCH ON. PLACE A FINGER OVER PHOTORESISTOR PRI AND ADJUST THE 100k CONSOLE
POT (R1) UNTIL THE SPEAKER IS SILENT. REMOVE YOUR FINGER, AND THE SPEAKER WILL EMIT A
TONE. YOU CAN CHANGE THE TONE FREQUENCY BY ADJUSTING THE IM CONSOLE POT (R2). IF
THE TONE STOPS, ROTATE R2 UNTIL IT RESUMES. THIS CIRCUIT IS VERY SENSITIVE! IN A DARK
ROOM ADJUST THE 100K CONSOLE POT FOR PEAK SENSITIVITY. THEN SHINE A FLASHLIGHT ON
YOUR LEARNING LAB CONSOLE TO SEE WHAT HAPPENS.



4001 QUAD NOR GATE:. BUILD A LATCHED RELAY.

YOU WILL USE A LATCH TO CONTROL A RELAY WITH A PUSHBUTTON SWITCH.

[PARTS YOU WILL NEED

ERETE T =l —r— =[S =S
b 4ooL R1, R2-10k (BRN-BLK-ORG) DI-INAL D B LED 1-RED, LED 2-GREEN
OUUTUOT g3, R4-K (BRN-BLK-RED) SINYI98 Q1-POWER FET
[CIRCUIT DIAGRAM | [HOW IT WORKS
+ay +qy +9qv Qv

47
sulc?qzz‘{o

%m
10K 10K

RZ

POWER FET Q1 IS SWITCHED
ON WHEN PIN 3 OF THE

o) LATCH GOES HIGH. Q1 IS

1K SWITCHED OFF WHEN PIN 3
GOES LOW. WHEN Ql IS OFF,

L1
™~
f=

GROUND UNUSED INPUTS (PINS 8, 9, 12 AND 13).

NO CURRENT FLOWS THROUGH
THE RELAY AND LED 2 IS ON.
WHEN Q1 IS ON, CURRENT
FLOWS THROUGH THE RELAY
AND PULLS IN THE ARMATURE,
SWITCHING ON LED 1 AND
4 Leo  TURNING OFF LED 2. DIODE DI
Z\ 2 PROTECTS Ql FROM THE HIGH
N VOLTAGE PULSE THAT IS
GENERATED IN THE RELAY

€ COIL WHEN THE RELAY IS

b SWITCHED OFF.

1. BUILD THE CIRCUIT

1. O PUSH THE POWER SWITCH TO OFF. 14.
2. O INSERT THE 4001 ACROSS SLOT 3 (PIN 1 I5.

AT FI5). o
3. O INERT QI AT Clb (G), Ble ©) AND Al (S). 17.
4. O INSERT Rl ACROSS K14 AND GROUND. 18.
5. O INSERT R2 ACROSS F1I AND LIL. 19.
b. O INSERT R3 ACROSS HI4 AND Cl7. 20.
7. O INSERT R4 ACROSS Vb (+9V) AND AZ23. 2.
8. O INSERT LED 1 ACROSS T1l AND GROUND. 22.
9. O INSERT LED 2 ACROSS Tlb AND GROUND. 23.
10. O INSTALL DI ACROSS SPRINGS 57 24.

(CATHODE-BAND) AND 58 (ANODE). 25.
11. O CONNECT Gl TO Il (WHT WIRE). %.
12. O CONNECT HII TO Jl (WHT WIRE). 2.

13

. OO CONNECT L13 TO GROUND (WHT WIRE). 28,

O
a
O
a
O
O

Ooo00O0o0oOooO0ooao

CONNECT F20 TO Ve (+9Vv) (WHT WIRE).
CONNECT B20 TO Ve (+3Vv) (WHT WIRE).
CONNECT G20 TO GROUND (WHT WIRE).
CONNECT H20 TO GROUND (WHT WIRE).
CONNECT k20 TO GROUND (WHT WIRE).
CONNECT L20 TO GROUND (WHT WIRE).
CONNECT SPRING 54 TO TI1S (BLU WIRE).
CONNECT SPRING 56 TO T1& (BLU WIRE).
CONNECT SPRING 55 TO A25 (BLU WIRE).
CONNECT SPRING 57 TO A20 (BLU WIRE).
CONNECT SPRING 58 TO GROUND (RED WIRE).
CONNECT SPRING 46 TO kil (RED WIRE).
CONNECT SPRING 48 TO Fi14 (RED WIRE).
CONNECT SPRINGS 47 AND 49 (WHT WIRE).
CONNECT SPRING 4 TO Ve (+v) BLU WIRE).

2. TEST THE CIRCUIT

MAKE SURE THERE ARE NO ERRORS. THEN PUSH THE POWER SWITCH ON. LED 2 WILL GLOW.

PRESS S1 AND LED 1 WILL GLOW. PRESS S2 AND LED 2 WILL GLOW. THE LATCH IS A SINGLE-BIT
MEMORY CELL THAT KEEPS THE RELAY AT THE SELECTED POSITION, UNTIL YOU PRESS SI OR S2
AGAIN, OR UNTIL THE POWER IS SWITCHED OFF.

33




|4011 QUAD NAND GATE: HOW THE NAND GATE WORKS

THE 4011 QUAD NAND GATE INCLUDES FOUR SEPARATE POSITIVE LOGIC NAND GATES ON A SINGLE

SILICON CHIP.

YOU WILL EXPERIMENT WITH ONE OF THESE GATES BY USING PUSHBUTTON

SW\TC!—-IES TO APPLY LOGIC SIGNALS TO ITS TWO INPUTS. AN LED WILL INDICATE THE
GATE S OUTPUT. YOU WILL THEN VERIFY THE NAND GATE TRUTH TABLE.

[PARTS You WILL NEED

14131211109 8
oooOoOoOon

=l —

4011

]
O
L

w

224569 R3-1K (BRN-BLK-RED)

R1, R2-10k (BRN-BLK-ORG)

=D

LED-GREEN LED

[CIRCLIT DIAGRAM

+ b6V

A LED ON-OFF HIGH-LOW BINARY
. ! TRUTH TABLE TRUTH TABLE TRUTH TABLE
FLAT
l‘” qu <l sl | s2 [LED sl | s2 |ouT si | s2 [LED
.| st .| s2 \_;,,\_
qu 48 14 e OFF | OFF | ON L L H 0 0 1
L7aN 3 % | OFF| ON | ON LfH]H o 1] 1
2 |H011 % -
. BT  LED ON | O ON H|L|H 1 0 1
3 AL 3%& 1K ON | ON | OFF H|H|L 1| 1| o
POSITIVE LOGIC: OFF = LOW = 0 AND ON = HIGH =1
1 Rl AND R2 ARE PULL-DOWN RESISTORS THAT KEEP

GROUND 4011 UNUSED INPUTS (PINS
8, 9, 12 AND 13).

THE GATE INPUTS LOW (L). CLOSING S1 OR S2
FORCES THE RESPECTIVE INPUT HIGH (H). WHEN
THE OUTPUT IS HIGH, THE LED GLOWS (H).

. BUILD THE CIRCUIT

—

—
.

OPUSH THE POWER SWITCH TO OFF.

0O INSERT THE 4011 IC ACROSS SLOT 1 ON
THE BREADBOARD (PIN 1 AT H5).

CJ CONNECT N1 TO GROUND (WHT WIRE).

O CONNECT H10 TO V4 (+6V) (RED WIRE).

OO INSTALL Rl ACROSS SPRNG 4o AND GROUND.
O INSTALL R2 ACROSS SPRNG 48 AND GROUND.
CJINSERT R3 ACROSS J1 AND TL

OJINSERT GREEN LED ACROSS TS5 (ANODE)

AND GROUND (CATHODE).

g

® NSV

9.

10.
11.
12.
13.
14.
15.

16
17
18

0] CONNECT
0 CONNECT
0] CONNECT
[0 CONNECT
00 CONNECT
00 CONNECT
0] CONNECT
. OO CONNECT
. OO CONNECT
. O CONNECT

L1 TO GROUND (WHT WIRE).

M1 TO GROUND (WHT WIRE).
M10 TO GROUND (WHT WIRE).
NI0 TO GROUND (WHT WIRE).
I10 TO GROUND (WHT WIRE).
J10 TO GROUND (WHT WIRE).
SPRING 46 TO H1 (BLU WIRE).
SPRING 48 TO Il (BLU WIRE).
SPRINGS 47 AND 49 (WHT WIRE).
SPRING 49 TO V4 (+V) BLU WRE).

[2. TEST THE CIRCUIT

CHECK YOUR WIRING. IF ALL CONNECTIONS ARE CORRECT, PUSH
THE POWER SWITCH TO ON. THE LED SHOULD GLOW SINCE

BOTH INPUT SWITCHES ARE OFF (NAND GATE: OFF AND OFF =
ON). WHEN YOU PRESS EITHER S1 OR S2, THE LED SHOULD

STILL GLOW. THE LED WILL TuRN OFF WHEN YOU PRESS BOTH

S1 AND S2 AT THE SAME TIME. CHECK OUT THE TRUTH
TABLES ABOVE BY MAKING YOUR OWN TABLE OR BY FILLING
34 IN THE BLANK LED CELLS IN THE ADJACENT TABLE.

YOUR CIRCUIT

Sl

S2

LED

OFF

OFF

OFF

ON

ON

OFF

ON

ON




[4011 QUAD NAND GATE: WHEN NO IS YES AND YES IS NO

THIS CIRCUIT IS IDENTICAL TO THE PREVIOUS ONE WITH THE ADDITION OF A SECOND LED
THAT IS ALWAYS AT THE OPPOSITE STATE OF THE FIRST LED. SINCE A NOT-NAND GATE IS
AN AND GATE, THE SECOND LED ALLOWS THE NAND GATE TO FUNCTION AS AN AND GATE.

[PARTS YOU WILL NEED |

—g — —i i LeD
THE NAND GATE CIRCUIT ON |
PACE 34 PLuc THESE PARTS: R4-1K (BRN-BLK-RED) LED 2-RED LED \ \\Ff
T
[CIRCLIT DIAGRAM |
TV ON-OFF HIGH-LOW
([ TRUTH TABLE TRUTH TABLE
47 14 s1 | s2 | NAND | AND s1 | s2 | nAnD | AND
sj X {| LED 1 |LED 2 LED 1 |LED 2
E“’ T‘*Bl OFF | OFF| ON | OFF L L H L
s off | on | on | oFF L | H H L
on | oFF | on | oFF Ho| oL H L
R1 RZ
10K 10K ON | ON OFF ON H H L H

POSITIVE LOGIC: OFF = LOW = 0 AND ON = HIGH =

LED 1 (GREEN) AND LED 2 (RED) ARE AT OPPOSITE STATES.
) = = WHEN ONE IS ON, THE OTHER MUST BE OFF.

|1. MODIFY THE NAND GATE CIRCUIT ON PAGE 34 |
MODIFY THE NAND GATE CIRCUIT ON PAGE 34 FOLLOWING THESE STEPS:

1. O PUSH THE POWER SWITCH TO OFF. 3. [ INSERT RED LED 2 ACROSS G2 (ANODE)
2. [0 INSERT R4 ACROSS G4 AND H7. AND J2 (CATHODE).

[2. TEST THE CRCUIT |

MAKE SURE THERE ARE NO ERRORS. THEN PUSH THE POWER SWITCH TO ON. NOW VERIFY THE
TRUTH TABLE FOR LED 1 (NAND GATE) BY PRESSING S1 AND S2 AS SHOWN IN THE TRUTH
TABLE. THEN VERIFY THE TRUTH TABLE FOR LED 2 (AND GATE) IN THE SAME MANNER. WHEN Sl
AND S2 ARE OFF (OPEN), THE NAND GATE INPUTS ARE PULLED LOW THROUGH Rl AND R2. WHEN
S1 AND S2 ARE ON (CLOSED), THE INPUTS ARE PULLED HIGH. THUS, IN THIS CIRCUIT, AN OPEN
OR OFF SWITCH IS A LOGICAL LOW (O) AND A CLOSED OR ON SWITCH IS A LOGICAL HIGH ().

[MORE ABOUT PULL-UP AND PULL-DOWN RESISTORS |

MANY LOGIC CIRCUITS THAT USE INPUT SWITCHES USE A RESISTOR TO KEEP A LOGIC INPUT

EITHER HIGH OR LOW WHEN THE SWITCH IS NOT CLOSED. REMEMBER THAT A PULL-UP RESISTOR
KEEPS THE INPUT HIGH. A PULL-DOWN RESISTOR KEEPS THE INPUT LOW. WITHOUT THE PULL-

UP OR PULL-DOWN RESISTOR, AN UNCONNECTED CMOS INPUT WILL “FLOAT “ AND BE TRIGGERED
BY STRAY ELECTRICAL SIGNALS. THE EXACT RESISTANCE OF PULL-UP AND PULL-DOWN RESISTORS
IS RARELY CRITICAL. WHILE THESE CIRCUITS USE 10k RESISTORS FOR Rl AND R2, THEY WILL

WORK FINE WITH 4.7k OR 22K. 35




|4011 QUAD NAND GATE: WHEN AND = OR AND NAND = NOR

A POSITIVE LOGIC AND GATE IS EQUIVALENT TO A NEGATIVE LOGIC OR GATE. A POSITIVE
LOGIC NAND GATE IS IDENTICAL TO A NEGATIVE LOGIC NOR GATE. YOU WILL APPLY NEGATIVE
LOGIC INPUTS TO A NAND GATE TO CONVERT IT TO A POSITIVE LOGIC NOR GATE.

[PARTS YOU WILL NEED

LED

THIS CIRCUIT IS A MODIFICATION OF THE CIRCUIT :
ON PAGE 35. NO OTHER PARTS ARE REQUIRED. \ \\E‘;i:i
o

[CIRCLIT DIAGRAM

tbV Y% +bv POSITIVE LOGIC: CLOSED SWITCH = ON = HIGH = 1.

\ NEGATIVE LOGIC: CLOSED SWITCH = ON = LOW = 0.
Ry  NEGATIVE LOGIC NAND GATE = POSITIVE LOGIC NOR GATE.
R1 RZ 1K
10K 10K ON-OFF TRUTH TABLE BINARY TRUTH TABLE
Ll 5P | si]s2| Nor | oR si|s2| noR | o
L/4 N (LED 2) | LED 1) (LED 2) | (LED 1)
J 2 | 4011 OFF[OFF[ oN OFF o | o 1 0
He 48 —
,‘ <’ L fi OFF| ON | OFF ON 0o | 1 0 1
47 49
S1 S2 Lep ON | OFF| OFF ON ) 0 1
1 = ON|ON| OFF | on 1| 1 0 1

[1. MODIFY THE "NO IS YES NAND GATE CIRCUIT ON PAGE 35

MODIFY THE NAND GATE CIRCUIT ON PAGE 35 BY FOLLOWING THESE STEPS:

1. OPUSH THE POWER SWITCH TO OFF. 4. OO INSERT R1 ACROSS H4 AND H8.
[JREMOVE R1 AND R2 FROM BETWEEN 5. OOINSERT R2 ACROSS I4 AND H9.
SPRINGS 46 AND 48 AND THE BREADBOARD. . [ CONNECT SPRNG 49 TO GROUND (RED WRE).

3. OOREMOVE BLUE WIRE FROM SPRING 49 TO
V4 (+bV). NOTE: LED 1 = GREEN AND LED 2 = RED

[2. TEST THE CIRCUIT

CHECK THE CIRCUIT FOR ERRORS. THEN PUSH THE POWER SWITCH TO ON. NEXT, VERIFY THE
TRUTH TABLE FOR LED 2 (RED) BY PRESSING S1 AND S2 AS SHOWN IN THE TRUTH TABLE. THEN
VERIFY THE TRUTH TABLE FOR LED 1 (GREEN) IN THE SAME MANNER. WHEN S1 AND S2 ARE OFF
(OPEN), THE NAND GATE INPUTS ARE PULLED HIGH THROUGH R1 AND R2. WHEN S1 AND S2 ARE
ON (CLOSED), THE INPUTS ARE PULLED LOW. THUS IN THIS CIRCUIT, AN OPEN OR OFF SWITCH IS
LOGICAL HIGH (1) AND A CLOSED OR ON SWITCH IS LOGICAL LOW (0). THANKS TO NEGATIVE
LOGIC, THE NAND GATE NOW FUNCTIONS AS A NOR GATE (LED 2) AND AN OR GATE (LED 1).
BOTH NOR AND OR ARE MADE POSSIBLE BY CONNECTING THE LEDS TO + AND TO GROUND.

| TECH NOTE

THE EQUIVALENCE OF THE)POS\TIVE LOGIC NAND GATE AND THE NEGATIVE LOGIC NOR GATE
IS KNOWN AS DE MORGAN S THEOREM. THE THEOREM COVERS ALL THE BASIC GATES.
3, (POSITIVE LOGIC OR GATE = NEGATIVE LOGIC AND GATE, ETC.).




|4011 QUAD NAND GATE: MAKE A RED-GREEN ALTERNATING LED FLASHER

ALL THIS LOGIC STUFF CAN GET A LITTLE TEDIOUS, SO LET'S TAKE A BREAK TO HAVE A LITTLE
FUN. THIS CIRCUIT SHOWS HOW TO MAKE A FULLY ADJUSTABLE RED-GREEN LED FLASHER BY US-
ING A 555 PULSE GENERATOR TO SWITCH A NAND GATE OFF AND ON.

[PARTS YOU WILL NEED

SLes  DBEERSS =l — ) >
P 555 [ Aot R2, R4, RS-IK (BRN-BLK-RED) LED 1-RED LED
oooy 1239567 R3-100k (BRN-BLK-YEL) C-LUF ) 2-GREEN LED

[CIRCUIT DIAGRAM

| [AROUT THE CIRCUIT

+bV +6V +bV
£h. A 1
31
32 |8 |4 f‘é
R2
1K, ) » L%D
53 555, Sl R
100K L 3 (B
7 RS
1K
iﬁtpﬂ_ 1 L%D
M

THE 555 IS CONNECTED AS A VARIABLE RATE
PULSE GENERATOR. PULSES FROM THE 555 ARE
DELIVERED TO ONE INPUT OF THE 4011 NAND

GATE. THE LEDS THEN FLASH ALTERNATELY

DEPENDING ON THE LOGICAL STATUS OF THE
INCOMING PULSES. INCREASING Cl1 TO 4.7 UF

OR 10 UF WILL SLOW THE FLASH RATE. TO

CHANGE THE DURATION OF THE FLASHES,
REMOVE R3 AND USE RED WIRES TO CONNECT

GROUND UNUSED 4011 INPUTS (PINS 5, &, 8, 9, 12, 13.)

SPRINGS 34 AND 35 OF THE 100k CONSOLE
POT IN ITS PLACE. ADJUST THE POT TO
VARY THE DURATION OF THE PULSES.

[1. BUILD THE CIRCUIT

1. OPUSH THE POWER SWITCH TO OFF.

2. O INSERT THE 555 ACROSS SLOT 1 ON
THE BREADBOARD (PIN 1 AT A5).

3. O INSERT THE 4011 IC ACROSS SLOT 1 ON
THE BREADBOARD (PIN 1 AT H5).

4. OJINSERT R2 ACROSS B10 AND Fl0.

5. O INSERT R3 ACROSS B4 AND B7.

b. CJCONNECT Al TO GROUND (RED WIRE).

7. O CONNECT B3 TO C7 (WHT WIRE).

8. CJCONNECT D4 TO A7 (WHT WIRE).

9. LJCONNECT A10 TO VA4 (+6V) (WHT WIRE).

10. CJINSERT C1 ACROSS B2 (+) AND A2 (-).

11. O CONNECT SPRING 31 TO V4 (+V) (RED WIRE).

12. [J CONNECT SPRING 32 TO Fe (RED WIRE).

13. [J CONNECT C2 TO I2 (WHT WRE).

14.
15.
16,
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.

0 CONNECT H4 TO H7 (WHT WIRE).

00 CONNECT N1 TO GROUND (WHT WIRE).
[ CONNECT H10 TO V4 (+6V) (WHT WIRE).
O CONNECT L1 TO GROUND (WHT WIRE).
0 CONNECT M1 TO GROUND (WHT WIRE).
] CONNECT MI10 TO GROUND (WHT WIRE).
0 CONNECT NIO TO GROUND (WHT WIRE).
[0 CONNECT I10 TO GROUND (WHT WIRE).
O CONNECT J10 TO GROUND (WHT WIRE).
[0 INSERT R4 ACROSS G2 AND Hé.

O INSERT RED LED 1 ACROSS G1 (ANODE)
AND J1 (CATHODE).

00 INSERT R5 ACROSS J4 AND TA.

AND GROUND (CATHODE).

O INSERT GREEN LED 2 ACROSS TS5 (ANODE)

[2. TEST THE CIRCUIT

CHECK YOUR WIRING. WHEN EVERYTHING IS CORRECT, PUSH THE POWER SWITCH TO ON. THE
LEDS WILL SWITCH ON AND OFF ALTERNATELY. ADJUST R1 TO VARY THE FLASH RATE. IF THE
LEDS DO NOT FLASH, CAREFULLY COMPARE YOUR WIRING WITH THE CIRCUIT DIAGRAM. THE
MOST LIKELY ERROR IS A MISSING OR INCORRECTLY INSTALLED WIRE OR COMPONENT.

37



4011 QUAD NAND GATE: MAKE INVERTERS AND BUFFERS USING NAND GATES

OFTEN A LOGIC CIRCUIT NEEDS AN EXTRA INVERTER (A “NOT “ GATE) OR BUFFER (' YES " GATE).
IF THE CIRCUIT HAS A 4011 WITH SOME UNUSED GATES, JUST TIE TOGETHER THE INPUTS OF A
NAND GATE TO MAKE AN INVERTER. CONNECT TWO INVERTERS IN SERES TO GET A BUFFER.

[PARTS YOU WILL NEED

HpnuLas =l ==z
”u U“uou“u . RI-4.7K (YEL-VLT-RED) LED |- GREEN LED
1234567 R2, R3-1K (RRN-BLK-RED) LED 2- RED LED
[CIRCUIT DIAGRAM
Tev tev Leo OUTPUTS: POSITIVE LOGIC:
g X LED 1 = GREEN OFF = LOW = 0
R LAT = = =
45K \ \\gm, LED 2 = RED ON = HIGH =1
HIGH |43 L INPUT | INVERTER | BUFFER
PTG (DPDT (LED 1) | (ED 2
Low Py¢ SWITCH
INPUT— L H L
DPDT
SWITCRH H L H
GROUND 4011 UNUSED INPUTS (PINS 8,
1 9, 12 AND 13).

[1. BUILD THE CIRCUIT

O PUSH POWER SWITCH TO OFF. 12. CJINSERT R1 ACROSS H8 AND Hi2.
O INSERT 4011 ACROSS SLOT 1 (PIN 1 AT HS). 13. CJINSERT R2 ACROSS J1 AND S2.
O CONNECT H1 AND Il (WHT WIRE). 14. O INSERT R3 ACROSS k4 AND TH4.

[0 CONNECT L1 AND M1 (WHT WIRE). 15.
CJCONNECT J4 TO L4 (WHT WIRE).
CJCONNECT NI TO GROUND (WHT WIRE). le.
O CONNECT HID TO V4 (V) (RED WIRE). AND GROUND (CATHODE).
CICONNECT I10 TO GROUND (WHT WIRE). 17. [0 CONNECT SPRING 43 TO HI5 (RED WIRE).
CJCONNECT J10 TO GROUND (WHT WIRE). 18. [0 CONNECT SPRNG 44 TO H3 (BLU WIRE).

. CJCONNECT M10 TO GROUND (WHT WIRE).  19. OO CONNECT SPRNG 6 TO GROUND (RED WIRE).

. LJCONNECT N10 TO GROUND (WHT WIRE).

O INSERT GREEN LED BETWEEN S1 (ANODE)
AND GROUND (CATHODE).
00 INSERT RED LED 2 BETWEEN TS5 (ANODE)

I X

—
= O

[2. TEST THE CIRCUIT

CHECK THE WIRING. IF ALL CONNECTIONS ARE CORRECT, PUSH THE POWER SWITCH ON. NOW
CHECK THE TRUTH TABLE ABOVE. FIRST, PUSH THE DPDT SWITCH DOWN (LOW OR O). GREEN
LED 1 WILL GLOW, AND RED LED 2 WILL BE OFF. NOW PUSH THE DPDT SWITCH UP (HIGH OR 1).
LED 1 WILL BE OFF, AND LED 2 WILL GLOW. THE PURPOSE OF R1 IS TO SHOW THAT THE
LOGIC INPUT CAN BE APPLIED THROUGH A PULLUP RESISTOR.

[MORE ABOUT INVERTERS AND BUFFERS

THE LOGIC STATE AT THE ouTPUT OF A BUFFER IS THE SAME AS THE LOGIC STATE AT
THE INPUT. BUFFERS HELP GATES DRIVE LEDS AND OTHER LOGIC CIRCUITS. THE LOGIC STATE
38 AT THE OUTPUT OF AN INVERTER IS OPPOSITE THE LOGIC STATE AT THE INPUT.



|4011 QUAD NAND GATE: MAKE AN AND GATE FROM TWO NAND GATES

A NAND GATE CAN BE CONVERTED TO AN AND GATE BY ADDING AN INVERTER. YOU WILL MAKE
AN INVERTER BY CONNECTING TOGETHER THE INPUTS OF A NAND GATE. YOU WILL THEN ADD
THE INVERTER TO A NAND GATE TO MAKE AN AND GATE. YOU WILL USE TWO PUSHBUTTON
SWITCHES TO APPLY LOGIC SIGNALS TO THE GATE.

[PARTS YOU WILL NEED

THIS CIRCUIT IS A MODIFIED VERSION OF THE 4011 NAND GATE CIRCUIT ON PAGE 34. NO OTHER
PARTS ARE REQUIRED.

[CIRCUIT DIAGRAM

e\ = AND GATE THIS CIRCUIT
- , IN1|IN 2| ouT s | s2 |LED
o I Seer Ll L | OFF | oFF | oFF
SPoT
-' st -I S2 \ N
0 i - - Ll n L OFF | on | oFf
4o 4% s
1/4 2 H L L ON | OFF | OFF
A b
oit | hlnlnw on | on | on
7
§ RL R
10K 1oK POSITIVE LOGIC: OFF = LOW = 0 AND ON = HIGH = 1
N
‘ 1 N AS IN THE NAND GATE CIRCUIT, RL AND R2 ARE

= PULL-DOWN RESISTORS THAT KEEP THE GATE
GROUND UNUSED INPUTS (PINS 8, 9, 12 AND 13).  INPUTS LOW WHEN S1 OR S2 ARE OPEN (OFF).

[1. MODIFY THE NAND GATE CIRCUIT ON PAGE 34
MODIFY THE NAND GATE CIRCUIT ON PAGE 34 BY:

OPUSH THE POWER SWITCH TO OFF. 5. CJCONNECT L1 TO M1 (WHT WIRE).
0] REMOVE R3. b. CJCONNECT J4 TO L4 (WHT WIRE).
0O REMOVE WHITE WIRE FROM L1 TO GROUND. 7. CJINSERT R3 ACROSS kI AND TIL.

O REMOVE WHITE WIRE FROM ML TO GROUND.

L WD

[2. TEST THE CIRCUIT

INSPECT YOUR WIRING. IF THE CONNECTIONS ARE CORRECT, YOUR CIRCUIT
PUSH THE POWER SWITCH TO ON. THE LED SHOULD BE OFF

SINCE BOTH INPUT SWITCHES ARE OFF (AND GATE: OFF AND S| s2|LED
OFF = OFF). WHEN YOU PRESS EITHER SI OR S2, THE LED OFF | OFF
SHOULD ALSO BE OFF. ONLY WHEN YOU PRESS S1 AND S2 ofF | on

AT THE SAME TIME WILL THE LED GLOW. VERIFY THE TRUTH

TABLE ABOVE BY MAKING YOUR OWN TABLE OR BY FILLING IN ON | OFF

THE BLANK LED CELLS IN THE ADJACENT TABLE. on | on

|GOING FURTHER

YOU CAN SHOW HOW THE OUTPUTS OF THE NAND AND THE AND GATES ARE ALWAYS OPPOSITE
BY ADDING THE RED LED TO THE OUTPUT OF THE FIRST NAND GATE. INSTALL A 1K RESISTOR
ACROSS J2 AND S2. THEN INSTALL THE RED LED ACROSS S3 AND GROUND. 39




[4011 QUAD NAND GATE: HOW TO MAKE AN OR GATE

EVERY BASIC LOGIC FUNCTION CAN BE IMPLEMENTED BY USING NAND GATES OR NOR GATES.
YOU WILL USE THREE OF THE NAND GATES IN A 4011 TO MAKE AN OR GATE. YOU WILL USE
PUSHBUTTON SWITCHES TO APPLY LOGIC SIGNALS TO THE GATE. AN LED WILL INDICATE THE
GATE's OUTPUT.

[PARTS YOU WILL NEED

14131211109 8 ‘:in:m ﬁ ke
ooooQononQ *
b 4011 R1, R2-10k (BRN-BLK-ORG) FLAT
Bl ' GREEN LED seoT
1234567 R:’)—lk (BRN—BLK—RED) \ \\\
[CIRCUIT DIAGRAM
H}V OR GATE THIS CIRCUIT
49 qu IN1]IN 2(0OUT Sl S2 | LED
s1 —| S2 4 s Ll L | L ofFr | oFF | oFF
J9e 7482 |4o11 g 14 Ll H|H OFF | ON | ON
1/4 10
5 9| 4011 H L H ON | OFF [ ON
— 1/4 Y o3
L6 | wou 7 R3 H|ln|H ON | ON | on
R1 RZ
10K 10K LED 2 TO MONITOR ALL 3 GATES, CONNECT SPRING
1 X 12 TO J3 AND SPRING 14 TO k3 (BLU WIRES).
= CONNECT SPRINGS 11 AND 13 (WHT WIRE).
GROUND UNUSED INPUTS (PINS 12 AND 13). CONNECT SPRING 11 TO GROUND (RLU WIRE).
[1. BUILD THE CIRCUIT
1. OPUSH THE POWER SWITCH TO OFF. 9. JCONNECT Hl TO Il (WHT WIRE).
2. CJINSERT THE 4011 IC ACROSS SLOT 1 ON  10. COJCONNECT L1 TO ML (WHT WIRE).
THE BREADBOARD (PIN 1 AT H5). 11. O CONNECT J4 TO N7 (WHT WIRE).
3. CJCONNECT NI TO GROUND (WHT WIRE). 12. CJCONNECT K4 TO M7 (WHT WIRE).
4. CJCONNECT H10 TO V4 (+6V) (RED WIRE). 13. CJCONNECT I10 TO GROUND (WHT WIRE).
5. CJINSTALL Rl ACROSS SPRNG “ AND GROUND. 14. [J CONNECT J10 TO GROUND (WHT WIRE).
b. CJINSTALL R2 ACROSS SPRING 48 AND GROUND. 15. [J CONNECT SPRING 46 TO H2 (BLU WIRE).
7. OOINSTALL R3 ACROSS L7 AND T7. 16. [0 CONNECT SPRING 48 TO L2 (BLU WIRE).
8. CJINSERT GREEN LED ACROSS Te (ANODE) 17. [0 CONNECT SPRINGS 47 AND 49 (WHT WIRE).
AND GROUND (CATHODE). 18. [0 CONNECT SPRING 49 TO V4 (+V) BLU WRE).

[2. TEST THE CIRCUIT

CHECK YOUR WIRING. IF THE CONNECTIONS ARE CORRECT, PUSH THE POWER YOUR CIRCUIT
SWITCH ON. THE LED SHOULD BE OFF. (OR GATE: OFF + OFF = OFF).

PRESS EITHER S1 OR S2, AND THE LED WILL GLOW. IT WILL ALSO GLOW S1 | s2 |LED
WHEN YOU PRESS S1 AND S2 AT THE SAME TIME. OFF | OFF

NOW CHECK THE TRUTH TABLE SHOWN ABOVE BY MAKING YOUR OWN OFF | ON
TABLE OR BY FILLING IN THE BLANK CELLS IN THE ADJACENT TABLE. ON | OFF
4o DOES YOUR TABLE GIVE THE SAME RESULTS AS THE ONE ABOVE? o | on




|4011 QUAD NAND GATE: HOW TO MAKE A NOR GATE

A POSITIVE LOGIC NAND GATE IS THE SAME AS A NEGATIVE LOGIC NOR GATE. A POSITIVE
LOGIC NOR GATE REQUIRES ALL FOUR OF THE NAND GATES IN A 40ll. YOU WILL BUILD A NOR

GATE FROM NAND GATES )AND USE PUSHBUTTON SWITCHES TO APPLY LOGIC SIGNALS. AN LED
WILL INDICATE THE GATE S OUTPUT.

[PARTS YOU WILL NEED

LED

THIS CIRCUIT IS A MODIFIED VERSION OF THE OR GATE CIRCUIT ON

*
THE PREVIOUS PAGE. NO ADDITIONAL PARTS ARE REQUIRED. A\ FeaT
N
\\
[CIRCUIT DIAGRAM
+6V
ch-, qu NOR GATE THIS CIRCUIT
451 —IS?-_%_U‘, . IN 1[N 2]|0uT s1 | s2 | LED
T‘ib TQS 2 19
4o11 8 74\ 10 Ll L |H OFF | OFF | oN
5 q j4o011 L H L OFF | ON | OFF
1/4 y
_‘_-7__‘%011 7 H L L ON | OFF | OFF
e Sk HlH|L ON [ On | OFF

[1. MODIFY THE OR GATE CIRCUIT
MODIFY THE OR GATE CIRCUIT ON THE PREVIOUS PAGE BY FOLLOWING THESE STEPS:

OPUSH THE POWER SWITCH TO OFF. 5. OOCONNECT I10 TO J10 (WHT WIRE).
0] REMOVE R3. b. TJCONNECT J9 TO L9 (WHT WIRE).
O REMOVE WHITE WIRE FROM II0 TO GROUND. 7. CJINSERT R3 ACROSS k7 AND T7.
O REMOVE WHITE WIRE FROM JI0 TO GROUND.

L WD -

[2. TEST THE CIRCUIT

INSPECT YOUR WIRING. \F THERE ARE NO ERRORS, PUSH THE POWER YOUR CIRCUIT
SWITCH TO ON. THE LED WILL BE ON. (NOR GATE: OFF + OFF = ON).

WHEN YOU PRESS EITHER S1 OR S2, THE LED WILL BE OFF. IT WILL Sl | sz |LED
ALSO BE OFF WHEN YOU PRESS SI AND S2 AT THE SAME TIME. ofF | oFF
NOW CHECK THE TRUTH TABLE SHOWN ABOVE BY MAKING YOUR OWN OFF | ON
TABLE OR BY FILLING IN THE BLANK CELLS IN THE ADJACENT TABLE. ON | OFF
DOES YOUR TABLE GIVE THE SAME RESULTS AS THE ONE ABOVE? on | on

|GOING FURTHER

YOU CAN SHOW HOW THE OUTPUTS OF THE NOR GATE AND THE OR GATE ARE ALWAYS AT
OPPOSITE STATES WHEN THE INPUT STATES ARE THE SAME BY ADDING THE RED LED TO THE

INPUT OF THE FINAL NAND GATE. INSTALL A 1K RESISTOR ACROSS L10 AND S10. THEN INSTALL
THE RED LED ACROSS S9 AND GROUND.

q1




|4011 QUAD NAND GATE: HOW TO MAKE AN EXCLUSIVE-OR GATE

THE OUTPUT OF THE EXCLUSIVE-OR GATE GOES HIGH ONLY WHEN EITHER INPUT IS HIGH BUT
NOT WHEN BOTH ARE HIGH. THE FOUR NAND GATES IN THE 4011 CAN BE CONNECTED AS AN
EXCLUSIVE-OR GATE. YOU WILL BUILD AN EXCLUSIVE-OR GATE AND USE PUSHBUTTON
SWITCHES TO APPLY LOGIC SIGNALS TO THE GATE.

[PARTS YOU WILL NEED

e s —— =5
b 4011 RI, R2-I0K (BRN-BLK-ORG) ~ GREEN LED ux
1239567 R3-1K (BRN-BLK-RED) \ \%
[CRCUIT DIAGRAM
+6V
| CEREEN CTR 5 7 EX-OR GATE THIS CIRCUIT
'l‘51 S2 o 4011 - IN 1]IN2|0UT sl | s2 | LED
Tib f48] 1 Sy 12
L4\ 3 1/4 Ll L |t OFF | OFF | OFF
2|01l 8 13 L H]|H OFF | ON | ON
7 g AT HlL|H ON | OFF | on
RL R2 | 4011
10K A0k H H L ON [ ON | OFF
[1. BUILD THE CIRCUIT
1. CJPUSH THE POWER SWITCH TO OFF. 9. CJCONNECT HL TO L1 (WHT WIRE).
2. CJINSERT THE 4011 IC ACROSS SLOT 1 ON 10. CJCONNECT J1 TO ML (WHT WIRE).
THE BREADBOARD (PIN 1 AT HS). 1. CJCONNECT I4 TO M7 (WHT WIRE).
3. CICONNECT NI TO GROUND (WHT WIRE).  12. CJCONNECT M4 TO N7 (WHT WIRE).
4. CJCONNECT HI0 TO V4 (+6V) (RED WIRE).  13. [JCONNECT k4 TO J7 (WHT WIRE).
5. CJINSTALL RL ACROSS SPRNG “» AND GROLND. 14, [JCONNECT I10 TO L10 (WHT WIRE).
b. CIINSTALL R2 ACROSS SPRNG “8 AND GROUND. 15. [J CONNECT SPRING 46 TO H2 (BLU WIRE).
7. DJINSTALL R3 ACROSS K7 AND T72. lo. [ CONNECT SPRING 48 TO I2 (BLU WIRE).
8. CJINSERT GREEN LED ACROSS Te (ANODE) 17. [J CONNECT SPRINGS 47 AND “9 (WHT WIRE).
AND GROUND (CATHODE). 18. [J CONNECT SPRING 9 TO V4 (+V) BLU WRE).

[2. TEST THE CIRCUIT

CHECK YOUR WIRING. IF THE CONNECTIONS ARE CORRECT, PUSH THE

POWER SWITCH TO ON. THE LED WILL BE OFF (EX-OR GATE: OFF + OFF = YOUR CIRCUIT
OFF). WHEN YOU PRESS EITHER S1 OR S2, BUT NOT BOTH S1 AND S2, Sl | s2 [LED
THE LED WILL GLOW. OTHERWISE THE LED SHOULD BE OFF. ofF | oFF
NOW CHECK THE TRUTH TABLE SHOWN ABOVE BY MAKING YOUR OWN OFF | ON
TABLE OR BY FILLING IN THE BLANK CELLS IN THE ADJACENT TARBLE. on | oFF
DOES YOUR TABLE GIVE THE SAME RESULTS AS THE ONE ABOVE? o | on

42




[4011 QUAD NAND GATE: HOW TO MAKE AN EXCLUSIVE-NOR GATE

THE OUTPUT OF THE EXCLUSIVE-NOR GATE GOES LOW ONLY WHEN EITHER INPUT IS HIGH BUT
NOT WHEN BOTH ARE HIGH. YOU WILL CONVERT THE EXCLUSIVE-OR GATE CIRCUIT ON THE
PREVIOUS PAGE TO AN EXCLUSIVE-NOR GATE BY ADDING AN INVERTER STAGE. YOU WILL THEN
USE PUSHBUTTON SWITCHES TO APPLY LOGIC SIGNALS TO THE GATE.

[PARTS You WILL NEED

~d Y h&
g ulw
THIS CIRCUIT IS A MODIFIED VERSION OF THE EX-OR GATE CIRCUIT _‘:E § g'g
ON THE PREVIOUS PAGE. YOU WILL NEED ONE ADDITIONAL 401l. mE - ;g
5 -]
Kin Hoo

CIRCUIT DIAGRAM

+bV
[7 = 1 s EX-NOR GATE || THIS CIRCUIT
Lst {s ity YT g 1|2 |our|| s | s2 | Lep
b
4% 48 1 A 13| 4011
74\ 3 | A L | L | H [|oFF|oOFF]| ON
2| 0u t 20 L | n| L |[oFF|on]|orF
8 rija~\ 1o 1/4
7 / 714011 H|L]|L ON | OFF | OFF
%Ri 3;21 2 q%u 3\ B J14
10K 10K LED 1k - H H H ON | ON | ON
1 &{q_/w\

GROUND UNUSED INPUTS OF 40118 (PINS 5, &, 8, 9, 12 AND 13).

[1. MODIFY THE EXCLUSIVE-OR GATE

MODIFY THE EX-OR GATE CIRCUIT ON THE PREVIOUS PAGE BY FOLLOWING THESE STEPS:

1. O REMOVE R3. 0 CONNECT HI4 TO I14 (WHT WIRE).

2. O INSERT THE SECOND 4011 (B) ACROSS [ CONNECT L11 TO GROUND (WHT WIRE).
SLOT 3 WITH PIN 1 AT HIS. 0 CONNECT M1l TO GROUND (WHT WIRE).
O INSERT R3 ACROSS JiI AND T10. 10. OJ CONNECT M20 TO GROUND (WHT WIRE).
0 CONNECT NI1I TO GROUND (WHT WIRE). 11. CJCONNECT N20 TO GROUND (WHT WIRE).
O CONNECT H20 TO V4 (+6V) (WHT WIRE). 12. D CONNECT I20 TO GROUND (WHT WIRE).

0 CONNECT k10 TO H1l (WHT WIRE). 13. CJCONNECT J20 TO GROUND (WHT WIRE).

© ® N

&

[2. TEST THE CRRCUIT

CHECK YOUR WIRING. THEN PUSH THE POWER SWITCH TO ON. THE LED OUR CIRCUIT
WILL GLOW. IT WILL NOT GLOW WHEN YOU PRESS EITHER SI OR S2.

SINCE THIS IS AN EXCLUSIVE-OR GATE, THE LED WILL CONTINUE TO St | s2 [LED
GLOW WHEN BOTH SI AND S2 ARE PRESSED AT THE SAME TIME. OFF | OFF
NOW CHECK THE TRUTH TABLE SHOWN ABOVE BY MAKING YOUR OWN OFF | ON
TABLE OR BY FILLING IN THE BLANK LED CELLS IN THE ADJACENT on | oFF
TABLE. AND CONGRATULATIONS/ IF YOU BUILT ALL THE 4011 PROJECTS on | on

SO FAR, THEN YOU HAVE DUPLICATED ALL THE BASIC LOGIC FUNCTIONS. 43



[4011 QUAD NAND GATE: HOW TO MAKE A 4-INPUT NAND GATE

SO FAR WE HAVE EXPERIMENTED WITH GATES HAVING NO MORE THAN TwO INPUTS. THERE
ARE MANY APPLICATIONS FOR GATES WITH MORE THAN TWO INPUTS. YOU WILL USE FIVE NAND
GATES TO EXPAND A STANDARD 2-INPUT NAND GATE INTO A 4-INPUT NAND GATE. YOU WILL
TEST THE GATE BY APPLYING INPUT SIGNALS WITH FOUR PUSHBUTTON SWITCHES.

[PARTS YOU WILL NEED I

TR T - =

@90 BE 990 BE R R2, R3, R410K (BRN-BLK-ORG)

= IR =R R RS-1K (BRN-BLK-RED) GREEN LED

Kis H o ag H oo

[CRCUIT DIAGRAM |
+bV

'\ A 4-INPUT GATE HAS 16

INPUT COMBINATIONS.
N T < THE TRUTH TABLE FOR
1,G051(_;b 1/4 3 1y 4 THIS 4-INPUT NAND
2o ]L ‘f%ﬂ b “‘Dnu 1 GATE IS SHOWN ON
'ﬁosz‘fa THE NEXT PAGE. THE
st 2 TRUTH TABLE CAN BE
’75_105305_0 L& Mg \10 sz SUMMARIZED WTH THIS:
L q 4011 13| 4011
5 chgz AF? A THE OUTPUT OF A 4-
INPUT NAND GATE IS

ALWAYS HIGH UNLESS
ALL INPUTS ARE HIGH.
THE OUTPUT IS THEN
e Low.

10K | 10K [ 10K | 1OK

%mgmgasgm

GROUND UNUSED INPUTS OF 4011B (PINS 5, &, 8, 9, 12 AND 13).

[1. INSTALL AND CONNECT THE GATES FIRST I

1. OPUSH THE POWER SWITCH TO OFF. 13. OJINSERT GREEN LED ACROSS Ti15 (ANODE)
2. DOJINSERT A 4011 (A) ACROSS SLOT 1 ON AND GROUND (CATHODE).
THE BREADBOARD (PIN 1 AT HS5). 14. CJCONNECT L1 TO M1 (WHT WIRE).
3. LJINSERT A 4011 (B) ACROSS SLOT 3 ON 15. OO CONNECT I10 TO J10 (WHT WIRE).
THE BREADBOARD (PIN 1 AT HIS). le. CJCONNECT J4 TO L4 (WHT WIRE).
4. OO CONNECT N1 TO GROUND (WHT WIRE). 17. O CONNECT J7 TO L7 (WHT WIRE).
5. COCONNECT HI0 TO V4 (+6V) (RED WIRE). 18. OJ CONNECT K10 TO Ill (WHT WIRE).
b. CJCONNECT NI TO GROUND (WHT WIRE). 19. OO CONNECT K4 TO Hil (RED WIRE).
7. O CONNECT H20 TO V4 (+6V) (WHT WIRE). 20. CJ CONNECT L11 TO GROUND (WHT WIRE).
8. OJINSTALL RI ACROSS SPRNG 4> AND GROUND. 21. [JCONNECT Mil TO GROUND (WHT WIRE).
9. OOINSTALL R2 ACROSS SPRING 48 AND GROUND. 22. [0 CONNECT M20 TO GROUND (WHT WIRE).

10. CJINSTALL R3 ACROSS SPRNG 50 AND GROUND. 23. ] CONNECT N20 TO GROUND (WHT WIRE).
1. CJINSTALL R4 ACROSS SPRNG 52 AND GROUND. 24. [J CONNECT I20 TO GROUND (WHT WIRE).
4y 12. CJINSERT RS ACROSS Jr1 AND TH. 25. CJCONNECT J20 TO GROUND (WHT WIRE).



[2. CONNECT THE INPUT SWITCHES NEXT

[0 CONNECT SPRING 46 TO H1 (BLU WIRE).
0 CONNECT SPRING 48 TO Il (BLU WIRE).

0 CONNECT SPRING 50 TO MI0 (BLU WIRE).
0 CONNECT SPRING 52 TO N10 (BLU WIRE).

[0 CONNECT SPRINGS 47 AND 49 (WHT WIRE).
0 CONNECT SPRINGS 42 AND 51 (WHT WIRE).
0 CONNECT SPRINGS 51 AND 53 (WHT WIRE).
. [0 CONNECT SPRING 53 TO V4 (+V) (BLU WRE).

LN
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[3. TEST THE ciRCuIT

CHECK YOUR WIRING. IF THERE ARE NO ERRORS, CLOSE THE POWER SWITCH. THE LED WILL
GLOW. THE LED WILL CONTINUE TO GLOW WHEN YOU PRESS ALL COMBINATIONS OF SWITCHES
S1-S4 EXCEPT ONE. ONLY WHEN ALL FOUR SWITCHES ARE CLOSED (HIGH) IS THE LED OFF. AS
YOU CAN SEE BELOW, THE TRUTH TABLE FOR THIS SIMPLE CIRCUIT IS HUGE. THAT 'S BECAUSE
A 4-INPUT GATE HAS FOUR TIMES AS MANY INPUT COMBINATIONS AS A 2-INPUT GATE. A 2-
INPUT GATE HAS FOUR INPUT COMBINATIONS (BINARY 00, 01, 10, 11). A 4-INPUT GATE HAS lb
INPUT COMBINATIONS (RINARY 0000, 0001, 0010, 0011, 0100, 0101, 0110, O, 1000, 1001, 1010, 1011,
1100, 1101, 1110, 1111)

NOW IT'S YOUR TURN. VERIFY THE TRUTH TABLE FOR THE 4-INPUT NAND GATE SHOWN
BELOW BY FILLING IN THE BLANK CELLS IN THE LAST TABLE.

4-INPUT NAND GATE THIS CIRCUIT YOUR CIRCUIT
IN1|IN 2]IN 3[IN 4] OUT Sl | S2 | S3 | s4|LED S1| S2 [ s3] sS4 |LED
L L L L H OFF | OFF [ OFF | OFF [ ON OFF | OFF | OFF | OFF
L L L H H OFF | OFF [ OFF [ ON | ON OFF | OFF [ OFF | ON
L L H L H OFF [OFF | ON | OFF | ON OFF | OFF | ON | OFF
L L H | H H OFF [OFF| ON | ON | ON OFF [OFF| ON | ON
L H L L H OFF | ON | OFF | OFF | ON OFF [ ON | OFF | OFF
L H L H H OFF | ON |OFF| ON | ON OFF | ON | OFF | ON
L H | H L H OFF | ON | ON | OFF | ON OFF| ON | ON | OFF
L H|H]H H OFF[ ON | ON | ON | ON OFF [ ON | ON | ON
H L L L H ON | OFF | OFF [ OFF | ON ON | OFF | OFF | OFF
H L L H H ON | OFF | OFF [ ON | ON ON | OFF | OFF | ON
H L H L H ON | OFF | ON [ OFF| ON ON | OFF | ON | OFF
H L H|H H ON | OFF| ON [ ON | ON ON | OFF| ON | ON
H | H L L H ON | ON | OFF [ OFF | ON ON | ON | OFF | OFF
H | H L H H ON | ON | OFF | ON | ON ON | ON | OFF| ON
H| H|[H L H ON | ON | ON [ OFF| ON ON | ON | ON | OFF
H|H|[H]H L ON | ON [ ON | ON [ OFF ON | ON | ON | ON

GOING FURTHER

THINK OF SOME APPLICATIONS FOR THE 4-INPUT NAND GATE. ONE POSSIBILITY IS AN ALARM

THAT MONITORS ALL FOUR DOORS IN A CAR AND SOUNDS A BUZZER WHEN A DOOR IS OPEN. 45



4011 NAND GATE: BUILD A SIMPLE TONE GENERATOR

FEEDBACK IN AN ANALOG CIRCUIT CAN CAUSE OSCILLATION. YOU CAN USE FEEDBACK IN A DIGITAL
CIRCUIT TO DO THE SAME THING. HERE YOU WILL USE HALF THE GATES IN A 4011 TO MAKE A
VERY SIMPLE AUDIO OSCILLATOR WITH SURPRISINGLY LOUD VOLUME.

[PARTS YOU WILL NEED

H 4011
[SgugEpsgaguyn; R1-100k (BRN-BLK-YEL) C1-0.01 UF (103)
1234567
CIRCUIT DIAGRAM
+ 6 V :\ v ,ll
14 E
AR 2L\ 4 59
2 |40l b|Hoilt TL 62 b8 SPKR  THE TRANSFORMER PREVENTS
7 ? R1 et L THE VERY LOW RESISTANCE
LooK OLuF T @ 8 ;L OF THE SPEAKER (8 OHMS)
FROM LOADING DOWN THE

CIRCUIT AND POSSIBLY EVEN
63 9 STOPPING ITS OSCILLATION.

L1

GROUND UNUSED 4011 INPUTS (PINS 8, 9, 12 AND 13).
[1. BUILD THE CIRCULIT

1. O PUSH THE POWER SWITCH TO OFF. 10. OO CONNECT L25 TO GROUND (WHT WIRE).

2. O INSERT THE 4011 ACROSS SLOT 4 (PIN 1 11. [0 CONNECT G25 TO GROUND (WHT WIRE).
AT F20). 12. OO CONNECT H25 TO GROUND (WHT WIRE).

3. O INSERT Rl ACROSS F19 AND HI19. 13. O CONNECT F24 TO V4 (+bV) (RED WIRE).

4. 0O INSERT Cl1 ACROSS GI19 AND II9. (A RED WIRE ALLOWS SOME CHANGES TO BE

5. O CONNECT Fle TO Gle (WHT WIRE). MADE LATER).

b. [0 CONNECT H17 TO J17 (WHT WIRE). 14. O CONNECT SPRING 59 TO I1& (RED WIRE).

7. 0O CONNECT Jle TO Kle (WHT WIRE). 15. O CONNECT SPRING 6l TO GROUND RED WIRE).

8. [ CONNECT L19 TO GROUND (WHT WIRE). le. OO CONNECT SPRINGS 62 AND 68 (RED WIRE).

9. O CONNECT K25 TO GROUND (WHT WIRE). 17. O CONNECT SPRINGS 63 AND 69 (RED WIRE).
2. TEST THE CIRCUIT

CHECK FOR ERRORS AND BE SURE THE LEADS OF C1 AND R1 DO NOT TOUCH. THEN PUSH THE
POWER SWITCH ON. THE CONSOLE SPEAKER SHOULD EMIT A TONE WITH ENOUGH VOLUME TO BE
EASILY HEARD SOME DISTANCE AWAY. TOO LOUD? THEN MOVE THE RED WIRE AT V4 (+6V) TO V3
(+4.5v) OR EVEN V2 (+3Vv). THIS REDUCES THE SUPPLY VOLTAGE AND LOWERS THE VOLUME.

[HOW THE CIRCLIT WORKS |

ASSUME THE OUTPUT OF GATE 1 (PIN 3) IS HIGH. THIS MEANS THE OUTPUT OF GATE 2 (PIN 4)

IS LOW. THE VOLTAGE AT PIN 3 THEN BEGINS CHARGING Cl THROUGH R1. BUT Cl IS ALSO

CONNECTED TO THE INPUT OF GATE 1. EVENTUALLY THE CHARGE ON C1 BECOMES HIGH ENOUGH

TO SWITCH GATE 1'S OUTPUT FROM HIGH TO LOW. THIS CAUSES GATE 2 TO CHANGE STATES,

AND ITS OUTPUT GOES HIGH. NOW Cl IS DISCHARGED BY THE OUTPUT OF GATE 2. EVENTUALLY

THE VOLTAGE AT Cl AND R1 BECOMES SO LOW THAT GATE 1 IS SWITCHED BACK TO ITS FORMER
40 STATE. THIS BACK AND FORTH CYCLE THEN CONTINUES.




4011 NAND GATE: BUILD A BETTER TONE GENERATOR

YOU WILL MODIFY THE SIMPLE TONE GENERATOR ON PAGE 46 SO THE OSCILLATION FREQUENCY
AND VOLUME CAN BE ADJUSTED. YOU WILL ALSO LEARN HOW TO SWITCH THE TONE GENERATOR
ON AND OFF BY APPLYING A LOGIC SIGNAL TO ONE OF ITS GATE INPUTS.

[PARTS YOU WILL NEED

THE SIMPLE TONE GENERATOR ON =W )
PAGE 4 PLUS THESE PARTS: R2-4.7 (YEL-VIO-RED) C2-0.1 UF (104)

[CIRCUIT DIAGRAM
+oV 46V

LR
-

AV,

54

TL 62 8 SPKR  YOU CAN SLOW THE TONE

_Ia 7 R 1ZDPDT TO A SERES OF CLICKS
% {m SWITCH - BY REPLACING Cl1 WITH A
= .(___"3 S 10 UF CAPACITOR. INSERT
£L : THE + LEAD OF THE 10
T 63 o9 UF CAPACITOR AT Gl9
L L Cte e = AND THE - LEAD AT DI9.

GROUND UNUSED 4011 INPUTS (PINS 8, 9, 12 AND 13).

—
.

CONVERT THE TONE GENERATOR ON PAGE 46 INTO A BETTER TONE GENERATOR

1. O PUSH THE POWER SWITCH TO OFF. 8. [ CONNECT SPRING 4 TO Fle (RED WIRE).
2. O REMOVE WHITE WIRE AT Fle-Gle. 9. O CONNECT SPRING 43 TO Dle (BLU WIRE).
3. 0O REMOVE R1 AND Cl. 10. O CONNECT SPRING 44 TO Ile (BLU WIRE).
4. O INSERT R2 ACROSS F17 AND V4 (+b V). 11. O CONNECT SPRING 45 TO Cle (BLU WIRE).
5. O INSERT C1 ACROSS GI19 AND D19. 12. O CONNECT SPRING 31 TO Hle (BLU WIRE).
b. O INSERT C2 ACROSS Gl8 AND Cl18. 13. O CONNECT SPRING 32 TO Gle (BLU WIRE).
7. O CONNECT SPRING 47 TO GROUND (RED WIRE).

2. TEST THE CIRCUIT

INSPECT THE CIRCUIT FOR ERRORS. BE SURE ALL THE WIRES BETWEEN THE SPRINGS AND THE
BREADBOARD ARE IN PLACE. PUSH THE DPDT SWITCH UP. THEN PUSH THE POWER SWITCH ON.
THE CONSOLE SPEAKER SHOULD EMIT A TONE. ROTATE THE KNOB OF THE IM CONSOLE POT (R1)
TO CHANGE THE FREQUENCY OF THE TONE. NOW PUSH THE DPDT SWITCH DOWN. THE TONE WILL
CHANGE TO A HUM OR BUZZ--WHICH IS A SLOW TONE. ADJUST R1 TO CHANGE THE FREQUENCY
OF THE BUZZ. PRESS S1 TO DISABLE THE CIRCUIT.

GOING FURTHER

SAVE THIS CIRCUIT/ WE RE GOING TO MAKE IT EVEN BETTER ON THE NEXT PAGE. MEANWHILE,
HOW CAN YOU CONTROL THE TONE FREQUENCY WITH LIGHT? MOVE THE TWO BLUE WIRES AT
SPRINGS 31 AND 32 TO SPRINGS &4 AND &5. THIS REPLACES THE IM POTENTIOMETER WITH THE
PHOTORESISTOR. THE CIRCUIT NOW RESPONDS TO LIGHT! THE TONE FREQUENCY INCREASES WHEN
THE LIGHT INTENSITY AT THE PHOTORESISTOR INCREASES. 4




4011 NAND GATE: BUILD A PULSATING TONE GENERATOR

YOU WILL MODIFY THE BETTER TONE GENERATOR ON PAGE 47 SO THAT IT EMITS A PULSATING
BUZZ OR TONE. YOU WILL USE TWO CONSOLE POTS TO CHANGE THE FREQUENCY AND PULSA-
TION RATE. THIS MODIFICATION WILL USE THE TwO UNUSED GATES IN THE 4o11.

[PARTS YOU WILL NEED

THE TONE GENERATOR ON =l —0" )

[CIRCUIT DIAGRAM

wUT oy
-

AV,

THE LOWER HALF OF THE
CIRCUIT IS THE BETTER TONE
GENERATOR YOU PREVIOUSLY
BULT (PAGE 47). THE TOP HALF
OF THE CIRCUIT IS THE SAME
CIRCUIT MODIFEED TO PRODUCE A
MUCH SLOWER TRAIN OF PULSES.

TL 62 &8 SPKR

RL MR en THE SLOW PULSES FROM THE
43 = UPPER PULSE GENERATOR
i SWITCH THE TONE OR BUZZ
l OLpF FROM THE LOWER PULSE GEN-
T S 3 @ ERATOR ON AND OFF AT PIN L

- A uF =

|1. CONVERT THE BETTER TONE GENERATOR ON PAGE 47 INTO A PULSATING TONE

0O PUSH THE POWER SWITCH TO OFF. 8. O CONNECT G25 TO H25 (WHT WIRE).

O REMOVE R2 FROM THE PREVIOUS CIRCUIT. 9. [0 CONNECT H24 TO J24 (WHT WIRE).

3. 0O REMOVE RED WIRES BETWEEN SPRINGS 46 10. [0 CONNECT k25 TO L25 (WHT WIRE).

AND 47 AND THE BREADBOARD. 11. O CONNECT F19 TO I22 (WHT WIRE).

0O REMOVE WHT WIRE FROM G25 TO GROUND.  12. [0 INSERT C3 ACROSS I25 (=) AND I26 (+).
O REMOVE WHT WIRE FROM H25 TO GROUND.  13. [0 INSERT R3 ACROSS L23 AND I28.

0O REMOVE WHT WIRE FROM k25 TO GROUND. 14. O CONNECT SPRING 34 TO J22 (BLU WIRE).
0O REMOVE WHT WIRE FROM L25 TO GROUND.  15. [0 CONNECT SPRING 35 TO I30 (BLU WIRE).

n o=

NE vt

N

. TEST THE CIRCUIT

EVERY PIN OF THE 4011 IC IS NOW CONNECTED TO AT LEAST ONE WIRE OR COMPONENT LEAD.
SO BE SURE TO INSPECT THE CIRCUIT CAREFULLY. BE SURE EACH WIRE IS PUSHED ALL THE WAY
INTO ITS BREADBOARD HOLE. THEN PUSH THE DPDT SWITCH DOWN AND ROTATE BOTH THE IM
(R1) AND 100Kk (R2) CONSOLE POTENTIOMETER KNOBS TO THEIR MIDPOINTS. NOW PUSH THE POWER
SWITCH TO ON. YOU SHOULD HEAR AN INTERRUPTED BUZZ OR TONE. IF NOT, ROTATE THE 100K
POT KNOB UNTIL YOU DO. ADJUST THE PULSE RATE BY ROTATING THE 100k POT'S KNOB. THEN
ADJUST THE FREQUENCY OF THE SOUND BY ROTATING THE IM POT'S KNOB. PUSH THE DPDT
SWITCH UP TO REDUCE THE TONE FREQUENCY. YOU CAN MAKE THE CIRCUIT RESPOND TO LIGHT

48 BY MOVING THE WIRES FROM ONE OF THE TWO POTS TO THE PHOTORESISTOR.



40499 HEX INVERTER: HOW THE LOGIC INVERTER WORKS

THIS PROJECT WILL INTRODUCE YOU TO THE VERY IMPORTANT 4049. YOU WILL BUILD A CIRCUIT
THAT DEMONSTRATES THREE FUNCTIONS OF THE 4049. YOU WILL USE PUSHBUTTON SWITCHES
TO APPLY LOGIC SIGNALS. LEDS WILL INDICATE THE OUTPUT OF EACH FUNCTION.

[PARTS YOU WILL NEED

1 15 Wiz .'L'ul. 10 ‘? ':&B:IE'

R1, R2, R3-4.7k (YEL-VIO-RED)

|cu2cun‘ DIAGRAM

tev S1-53 AND  OFF
l_l_l: LEDS 1-4: ON
Sl S

1/t 4049

[ §

?HG So ) B
T’ 3 A

13

Ho‘io"iq

|Lﬂ i
-
m
o
E

W
R1 R1 R3
jj.“.'k 97K |43k CONSOLE LEDS

LOW (0) THIS cIRCUIT SHOWS
HIGH

THAT THE INPUT AND
THE OUTPUT OF THE
INVERTER HAVE
OPPOSITE STATES.

THIS CIRCUIT SHOWS
HOW INVERTERS CAN BE
CONNECTED IN SERIES
AND USED TO EXPAND
AN OUTPUT.

THIS CIRCUIT SHOWS
HOW TO CONNECT 2
INVERTERS IN PARALLEL
TO INCREASE THE
OUTPUT CURRENT.

S1 |LED 1

OFF | ON

ON | OFF

S2 |[LED 2

LED 3

OFF | OFF

ON

ON ON

OFF

S3 [LED 4

OFF | ON

ON | OFF

[1. BUILD THE CIRCULIT

—
.

0O PUSH THE POWER SWITCH TO OFF.

O INSERT THE 4049 ACROSS SLOT 3 (PIN 1
AT FI5).

O CONNECT M1l TO GROUND (WHT WIRE).
O CONNECT FiI TO V4 (+6V) (WHT WIRE).
O CONNECT Il TO Kl (WHT WIRE).

O CONNECT J1I TO L1 (WHT WIRE).

O CONNECT H20 TO M20 (WHT WIRE).

O CONNECT K20 TO L20 (WHT WIRE).

O CONNECT SPRINGS 47 AND 99 (WHT WIRE).
10. 00 CONNECT SPRINGS 49 AND 51 (WHT WIRE).

g

PP NE VW

11. O CONNECT SPRING 51 TO V4 (+V) BLU WIRE).

12. O INSERT Rl ACROSS SPRING 4 AND GROUND.

13.
14.
15.
le.
17.
18.
19.
20.
21.
22.
23.
24.
25.

O INSERT R2 ACROSS SPRING “B AND GROUND.
O INSERT R3 ACROSS SPRING 50 AND GROUND.
O CONNECT SPRING 46 TO HI3 (RED WIRE).
O CONNECT SPRING 48 TO M18 (RED WIRE).
O CONNECT SPRING 50 TO LI13 (RED WIRE).
0 CONNECT SPRINGS 11 AND 13 (WHT WIRE).
O CONNECT SPRINGS 13 AND 15 MHT WIRE).
O CONNECT SPRINGS 15 AND 17 (WHT WIRE).
O CONNECT SPRING 17 TO GROUND (BLU WIRE).
0 CONNECT SPRING 12 AND GI3 (RED WIRE).
O CONNECT SPRING 14 AND J17 [RED WIRE).
O CONNECT SPRING 1l AND G17 (RED WIRE).
O CONNECT SPRING 18 AND I13 (RED WIRE).

2. TEST THE CIRCUIT

INSPECT THE CIRCUIT FOR ERRORS. THEN PUSH THE POWER SWITCH ON. LEDS 1, 3 AND 4 WILL
GLOW. THE TRUTH TABLES ABOVE SHOW HOW THIS PROJECT 'S THREE GATE EXPERIMENTS
WORK. THE INPUTS TO THE THREE CIRCUITS ARE PULLED LOW (0) BY RESISTORS R1, R2 AND R3.
PRESSING A SWITCH PULLS AN INPUT HIGH (1). TEST THE TRUTH TABLES. ARE THEY CORRECT?

9




4049 HEX INVERTER: BUILD A DUAL LED FLASHER

A BASIC PULSE GENERATOR CAN BE MADE FROM ONLY TWO INVERTERS, WHICH MEANS A 4049 CAN
PROVIDE THREE SEPARATE PULSE GENERATORS. YOU WILL BUILD A 2-INVERTER PULSE
GENERATOR AND USE IT TO DRIVE A PAIR OF LEDS.

[PARTS YOU WILL NEED

1k 15 Wi 10 ISLIB:'IE- ;ji} iﬂg
R2, R3-1K (BRN-BLK-RED) _ LED 1-RED LED

LED 2-GREEN LED

[CIRCUIT DIAGRAM

i\ o %’5" YOU CAN MAKE A SECOND
R2 FLASHER FROM THE THREE
049 1. E
N4 / i " . b= °,1 F::; UNUSED INVERTERS IN
? B 2 D07 s "y 2=l \ THE 4049. CONNECT THE
& A\ SiEs s B OUTPUTS TO CONSOLE
i il e g0y LEDS. IF YOU CONNECT
i 10,..FT LED LILED 2 yigM OUT OF ORDER,
OFF | ON | THEY WILL APPEAR TO
FLASH RANDOMLY.
J..— GROUND UNUSED INPUTS (PNS 9, 1t AND 14). J__: ON [ OFF

[1. BUILD THE CIRCLIT

1. O PUSH THE POWER SWITCH TO OFF. 10. OO INSERT R3 ACROSS Gll AND TIil.

2. O INSERT THE 4049 ACROSS SLOT 3 (PIN 1 11. O INSERT Cl ACROSS I3 (+) AND LI3 (-).
AT FI15). 12. O INSERT LED 1 ACROSS TI8 (ANODE) AND
O CONNECT M1l TO GROUND (WHT WIRE). GROUND (CATHODE).
O CONNECT F11 TO VA4 (+bV) (WHT WIRE). 13. O INSERT LED 2 ACROSS T13 (ANODE) AND
0 CONNECT H1I TO Il (WHT WIRE). GROUND (CATHODE).
O CONNECT J12 TO K12 (WHT WIRE). 14. O CONNECT H20 TO GROUND (WHT WIRE).

O CONNECT SPRING 31 TO Kl (RED WIRE). 15. O CONNECT k20 TO GROUND (WHT WIRE).
00 CONNECT SPRING 32 AND L1l (RED WIRE). le. 00 CONNECT M20 TO GROUND (WHT WIRE).
O INSERT R2 ACROSS I AND Tle.

PP NE VW

N

TEST THE CIRCUIT

CHECK THE CIRCUIT FOR ERRORS. THEN PUSH THE POWER SWITCH ON. ROTATE THE 1M CONSOLE
POTENTIOMETER (R1) UNTIL THE LEDS FLASH ALTERNATELY. WHEN Rl IS ADJUSTED TO ITS FULL
RESISTANCE OF 1M, THE LEDS WILL FLASH ONCE EVERY 2-3 SECONDS.

|ABOUT THE CIRCUIT

THE FIRST TWO INVERTERS FORM AN ASTABLE MULTIVIBRATOR. WHEN ONE INVERTER IS
SWITCHED ON, THE OTHER IS SWITCHED OFF. THIS BASIC CIRCUIT WILL FLASH ONE LED.
ADDING A THIRD INVERTER ALLOWS A SECOND LED TO GLOW WHEN LED 1 IS SWITCHED OFF.

GOING FURTHER

WITH OR WITHOUT THE LEDS, THIS SIMPLE CIRCUIT IS HANDY ANY TIME A PULSE GENERATOR IS
NEEDED. YOU CAN EASILY BUILD A PERMANENT VERSION OF THIS CIRCUIT. MOUNT THE PARTS ON
A SMALL CIRCUIT BOARD AND CONNECT THEM TOGETHER USING WRAPPING WIRE. POWER THE
CIRCUIT WITH A 9-VOLT BATTERY. SEE GETTING STARTED IN ELECTRONICS (RADIOSHACK)

5o FOR CIRCUIT ASSEMBLY TIPS.



4049 HEX INVERTER: BUILD A PULSATING TONE GENERATOR

TONE GENERATORS CAN BE MORE ATTENTION-GETTING WHEN THEY ARE OPERATED IN PULSES
INSTEAD OF CONTINUOUSLY. YOU WILL MAKE A PULSATING TONE GENERATOR BY ADDING A
BUZZER TO THE DUAL LED FLASHER CIRCUIT ON PAGE 50.

[PARTS YOU WILL NEED |

THIS CIRCUIT REQUIRES THE =l =\ O
4049 DUAL LED FLASHER PLUS: — IN

R4-1K (BRN-BLK-RED) QI-POWER MosFET I/
CIRCUIT DIAGRAM |
tav +av THIS CIRCUIT WILL
YOU CONNECT THE
\___/s b:@ = PHOTORESISTOR
é ACROSS RL. DO THIS:
1'1( ,}(’
A - [ CONNECT SPRING &4
lfbHO‘i‘? \ 1K LED1 LEe TO k14 (BLL WIRE).
7 I\>Gca 5 4|3 2 2 " O CONNECT SPRING &5
L% R3 RN AND L14 (BLL WIRE).
+ IK LED2 ——
L =
RE o T sl CHANGE THE PULSE
214 40, RATE BY BLOCKING
- THE PHOTORESISTOR
J— GROUND UNUSED INPUTS (PNS 9, 1L AND 14). L WITH YOUR FINGER.

|1. MODIFY THE DUAL LED FLASHER CIRCUIT |

1. O PUSH THE POWER SWITCH TO OFF. 5. O INSERT Q1 AT RI8 (G), Q8 ©®) AND P18 (S).
2. O REMOVE WHT WIRE FROM F1I TO VA4. b. O CONNECT Q20 TO Ve (+9v) (RED WIRE).

3. O CONNECT F11 TO Ve (+9v) (RED WIRE). 7. [ CONNECT SPRING b TO P20 (BLU WIRE).
4. O INSERT R4 ACROSS HI4 AND Rle. 8. [0 CONNECT SPRING 67 TO GROUND (BLU WIRE).

2. TEST THE CIRCUIT

THIS REVISION TO THE DUAL LED FLASHER CIRCUIT CHANGES THE POWER SUPPLY FROM +6 TO +9
VOLTS (TO DRIVE THE BUZZER). SO BE SURE TO REMOVE ALL CONNECTIONS FROM +b VOLTS
WHEN YOU CHECK THE CIRCUIT FOR ERRORS. THEN PUSH THE POWER SWITCH ON. ROTATE THE IM
CONSOLE POTENTIOMETER (R1) UNTIL THE LEDS FLASH ALTERNATELY. THE BUZZER WILL SOUND
EACH TIME LED 1 FLASHES. THE TONE FROM THE BUZZER IS LOUD. TO REDUCE ITS VOLUME,
PLACE A STICKY LABEL OR PIECE OF TAPE OVER ITS APERTURE.

GOING FURTHER

THE BUZZER IS SWITCHED ON BY Ql. THIS MEANS YOU CAN CONNECT THE BUZZER TO A
DIFFERENT VOLTAGE THAN THE FLASHER CIRCUIT. TO REDUCE THE VOLUME OF THE BUZZER
SIGNIFICANTLY, MOVE THE RED WIRE BETWEEN Q20 AND +9V TO +3 V. THE CONSOLE BUZZER
HAS A BUILT-IN PULSE GENERATOR CIRCUIT. YOU CAN USE THE 4049 TO MAKE A SIMILAR PULSE
GENERATOR THAT WILL DRIVE THE SPEAKER. THE ADVANTAGE OF USING THE 4049 IS THAT YOU
WILL BE ABLE TO CONTROL THE FREQUENCY OF THE TONE.

51
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4049 HEX INVERTER: BUILD A LIGHT-CONTROLLED AUDIO OSCILLATOR

THE FREQUENCY OF THIS SIMPLE TONE GENERATOR IS CONTROLLED BY LIGHT. YOU WILL BUILD
THE CIRCUIT AND EXPERIMENT WITH THE EFFECTS OF LIGHT ON ITS PERFORMANCE. YOU WILL
ADD CAPACITORS (USING SWITCHES) TO REDUCE THE FREQUENCY OF THE TONE TO A BUZZ.

[PARTS YOU WILL NEED

—_ 1 )
C1-0.01 UF (103)
C2-0.1 UF (104)

C3-1 UF

[CIRCUIT DIAGRAM

+oV TN
GROUND UNUSED INPUTS (PIS 3, 5, 7 AND 14). 2
F1/e 4049 ]
{
q 10 11 bi?‘ . . ! T SPKR YOU CAN SUBSTITUTE
L 1‘17 |49 |59 " 62 e THE M CONSOLE POT
b4 —I S1 Sz FOR THE PHOTORESIS-
PHOTO - ua | TOR. JUST MOVE THE
é" RESISTOR j:w» i 63 Nl WIRE AT SPRING &4 TO
P L L SPRING 31. MOVE THE
" les 8L . ci?. :1\ is F’{‘ 1K WIRE AT SPRING &5 TO
. L M
Z 1 o3 09 SPRING 32. ADJUST

THE IM POT TO
CHANGE THE TONE.

—

[1. BUILD THE CRCUIT

1. O PUSH THE POWER SWITCH TO OFF. 12. O CONNECT SPRING 48 TO Ple (RED WIRE).
2. [ INSERT THE 4049 ACROSS SLOT 3 (PIN 1 13. O CONNECT SPRING 64 TO L19 (BLL WIRE).
AT F15). 14. O CONNECT SPRING 65 TO M20 (BLU WIRE).

O INSERT C3 ACROSS MI19 (=) AND P19 (+). 20. [0 CONNECT J11 TO GROUND (WHT WIRE).
00 CONNECT SPRINGS 47 AND 49 (WHT WIRE). 21. [0 CONNECT L1 TO GROUND (WHT WIRE).
10. 00 CONNECT SPRING 47 TO J18 (RED WIRE). 22. OO CONNECT HI17 TO GROUND (WHT WIRE).
11. O CONNECT SPRING 4 TO Ole (RED WIRE).

3. [0 CONNECT M1l TO GROUND (WHT WIRE). 15. OO CONNECT SPRING 59 TO J20 (RED WIRE).
4. O CONNECT F1I TO V4 (+6V) (WHT WIRE).  16. OO CONNECT SPRING 6l TO GROUND (RED WIRE).
5. [0 CONNECT K20 TO L20 (WHT WIRE). 17. O CONNECT SPRINGS 62 AND 68 (RED WIRE).
b. O INSERT Cl ACROSS J17 AND MI7. 18. OO CONNECT SPRINGS 63 AND &9 (RED WIRE).
7. O INSERT C2 ACROSS M18 AND 0O18. 19. OO CONNECT HI1l TO GROUND (WHT WIRE).
8.

9.

2. TEST THE CIRCUIT

CHECK YOUR WIRING. THEN PLACE A FINGER OVER THE PHOTORESISTOR APERTURE AND PUSH
THE POWER SWITCH ON. YOU SHOULD HEAR A TONE FROM THE SPEAKER. MOVE YOUR FINGER
SLIGHTLY TO ALLOW MORE LIGHT TO STRIKE THE PHOTORESISTOR. THIS WILL REDUCE ITS
RESISTANCE AND CAUSE THE FREQUENCY OF THE TONE TO INCREASE NOTICEABLY. EXPERIMENT
WITH DIFFERENT LIGHT LEVELS WHILE LISTENING TO THE TONE. NEXT, PRESS PUSHBUTTON
Sl. THIS WILL INCREASE THE CAPACITY IN THE OSCILLATOR CIRCUIT AND REDUCE THE TONE
FREQUENCY SIGNIFICANTLY. PRESS S2 AND THE TONE WILL BECOME A BUZZ OR SERIES OF
CLICKS. EXPERIMENT WITH DIFFERENT LIGHT LEVELS WHILE PRESSING S1 AND S2. OPERATE THE
CIRCUIT UNDER VARIOUS KINDS OF LIGHTS. DO YOU NOTICE ANY DIFFERENCES? WHY?



4070 QUAD EXCLUSIVE-OR GATE: BUILD A BINARY HALF ADDER

THE TRUTH TABLE FOR THE EXCLUSIVE-OR GATE SHOWS THAT THIS GATE CAN DO VERY SIMPLE
BINARY ADDITION. THIS PROJECT IS THE SIMPLEST POSSIBLE BINARY ADDER. THE NEXT PROJECT
(PAGE 54) WILL ADD MORE CAPABILITY TO THIS BASIC CIRCUIT.

[PARTS YOU WILL NEED

1913 1211 109 8
nnononQon

:\II]:IE-

—_— =
—

L 4070 R1, R2-10K (RRN-BLK-ORG)
LED 1-RED
TouaoTD R3-1K (BRN-BLK-RED)
[CIRCLIT DIAGRAM
YAV, FoV
A S1 S2 LED 1
LOwW LOW LOw LOGICAL 0 = LOW = OFF
47 |49 (OFF) (OFF) (OFF) LOGICAL 1 = HIGH = ON
51_‘ 51_| LOW | HGH | HGH
o 748 (OFF) (ON) (ON)
. 14 HIGH LOW HIGH
W17y 3 (ON) (OFF) (ON)
' 2 |]4070 HIGH HIGH LOW
o1 SRz 7 R3 (ON) (ON) (OFF)
10K 3 10«% 1K
LED  THIS TRUTH TABLE SHOWS THE OPERATION OF THE CIRCUIT.
1 THE ONLY DIFFERENCE BETWEEN THIS GATE AND THE OR
N GATE IS THAT WHEN BOTH INPUTS ARE HIGH, THE OR
L L 4 GATE OUTPUT IS HIGH AND THE EXCLUSIVE-OR GATE

GROUND UNUSED INPUTS (PINS 5, &, 8,

9, 12 AND 13.)

OUTPUT IS LOW. AS YOU CAN SEE BELOW, ASSIGNING THE
BINARY BITS 0 FOR LOW AND 1 FOR HIGH CONVERTS THE
TRUTH TABLE INTO A SIMPLE BINARY ADDITION TABLE.

1. BUILD THE CIRCUIT

n o=

FI5).

SO

GROUND (CATHODE).
7. O CONNECT HI14 TO Q18 (WHT WIRE).
8. [0 CONNECT L11 TO GROUND (WHT WIRE).

0O PUSH THE POWER SWITCH TO OFF.
O INSERT 4070 IC OVER SLOT 3 (PIN 1 AT

O INSERT R1 ACROSS F14 AND LI14.
O INSERT R2 ACROSS GI3 AND LI3.
O INSERT R3 ACROSS Q20 AND T20.
O INSERT LED 1 ACROSS T1& (ANODE) AND

10.

18.

Oo0oOoO0oooOooOooaon

CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT

CONNECT F20 TO V4 (+6V) (WHT WIRE).
SPRING 40 TO F12 (RED WIRE).
SPRING 48 TO Gl2 (RED WIRE).
SPRINGS 47 AND 49 (WHT WIRE).
SPRING ‘A TO VA4 (+V) BLU WIRE).
Ji1 TO K1l (WHT WIRE).

K12 TO GROUND (WHT WIRE).
G20 TO H20 (WHT WIRE).

K20 TO L20 (WHT WIRE).

H19 TO GROUND (WHT WIRE).

2. TEST THE CIRCUIT

MAKE SURE THERE ARE NO ERRORS. THEN
PUSH THE POWER SWITCH ON. LED 1 wiLL
BE OFF. PRESS S1 OR S2 AND LED 1 WILL
GLOW. PRESS BOTH S1 AND S2 AND LED
1 WILL SWITCH OFF AGAIN. HERE 'S THE
BINARY ADDITION TRUTH TABLE:

Sl YA oUT

0 0 0+0=0
0 1 0+1=1
1 0 1+0=1

1+1=10

1 +1 =10 (BINARY).
BUT 1 +1=01IN
THIS CIRCUIT. THERE
IS ONLY ONE LED—SO
THE CIRCUIT IS ONLY

< A "HALF ADDER.'

53
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4070 QUAD EXCLUSIVE-OR GATE: BUILD A BINARY FULL ADDER

THIS CIRCUIT ADDS TWO BINARY BITS AND INDICATES THE FULL TOTAL USING TWO LEDS.
BINARY ADDERS LIKE THIS ARE KEY BUILDING BLOCKS FOR THE ARITHMETIC-LOGIC UNITS OF
DIGITAL CALCULATORS AND COMPUTERS. SO BE SURE TO TRY THIS PROJECT.

[PARTS YOU WILL NEED

14131211109 8
OooooOonn
B 4011

ooooooyg
1234567

:m:.ﬁ

R4-1K (BRN-BLK-RED)

]/

et

LED 2-GREEN LED

[CIRCLIT DIAGRAM

+ 6LV

41 |49

sl =]

R1
10K

GROUND UNUSED INPUTS OF 4070 (PINS 5, &, 8, 9, 12 AND 13) AND 4011 (PINS &, 9, 12 AND 13).

4, [48

—

+6V +bV
\ A
¢ 14

174N\ 3
/LF/ )
1
/4 \ 3 S 1/y4
4011 b|4011
7

R4
1K

LED

2 1
N j{\ﬁ

R3
1K
LED

INPUTS OUTPUTS
Sl S2 LED 2 LED 1
OFF | OFF OFF OFF
OFF ON OFF ON
ON OFF OFF ON
ON ON ON OFF

LET OFF = 0 AND ON = 1. THE
CIRCUIT IS NOW A FULL ADDER:

S| S2 |LED 2|LED 1| ADDER:

0 0 0 0 [0+0=00
0 1 0 1 [o0+1=01
1 0 0 1 [1+0=01

1

1

0

1+1=10

—

. CONVERT THE HALF ADDER TO A FULL ADDER

L NN

N e

O PUSH THE POWER SWITCH TO OFF.
O INSERT 4011 IC OVER SLOT 1 (PIN 1 AT F5). 9.
O INSERT R4 ACROSS Q2 AND TI2.
O INSERT LED 2 ACROSS T15 (ANODE) AND
GROUND (CATHODE).
O CONNECT F4 TO F11 (WHT WIRE).
O CONNECT G4 TO Gl (WHT WIRE).
O CONNECT J1 TO K1 (WHT WIRE).

8.

10.
11.
12.
13.
14.
15.

O0o0OOoOO000O0o

CONNECT H2 TO J2 (WHT WIRE).
CONNECT L1 TO GROUND (WHT WIRE).
CONNECT FI0 TO V4 +6V) (WHT WIRE).
CONNECT I4 TO Qi (WHT WIRE).
CONNECT G7 TO H7 (WHT WIRE).
CONNECT H10 TO GROUND (WHT WIRE).
CONNECT K7 TO L7 (WHT WIRE).
CONNECT L10 TO GROUND (WHT WIRE).

2. TEST THE CIRCUIT

CHECK FOR ERRORS AND BE SURE THAT THE HALF ADDER PORTION OF THE CIRCUIT IS OK.
PUSH THE POWER SWITCH ON. BOTH LEDS WILL BE OFF. PRESS S1 OR S2, AND LED 1 WILL
GLOW. PRESS BOTH S1 AND S2 AND ONLY LED 2 WILL GLOW. THE TRUTH TABLES ABOVE SHOW
THE RESULTS THAT YOU SHOULD GET. SEE THE HALF ADDER TRUTH TABLES ALSO. NETWORKS OF
CIRCUITS EXACTLY LIKE THIS ONE ARE USED IN DIGITAL COMPUTERS TO ADD AND MULTIPLY.

TO MULTIPLY & X 4, THE ADDER ADDS & TO ITSELF 4 TIMES (6 + & + & + b = 24).




4070 QUAD EXCLUSIVE-OR GATE: BUILD A PHASE DETECTOR

YOU WILL USE AN EXCLUSIVE-OR GATE TO COMPARE THE FLUCTUATING SIGNALS FROM TWO
OSCILLATORS AND INDICATE WHEN THEY ARE IN PHASE.

[PARTS YOU WILL NEED

Aanag == — ) ===
N 4070 R2-47K (YEL-VIO-ORG)
ergETo R3-IK (BRN-BLK-RED) C1, C2-10 UF LED 3-GREEN LED
[CIRCLIT DIAGRAM | [3. TEST THE CIRCUIT
£ eI DS S TOBLE CHECK FOR ERRORS. THEN
43 2 GeNAC Ty YoV tev PUSH THE POWER SWITCH ON.
J_ \ ‘ LED 1 WILL BLINK ABOUT
+ 14 ONCE PER SECOND. CAREFULLY

10uF A\ wy AN NL ADJUST THE 100K CONSOLE
2 'iqoq>—‘:%0— POT (R1) UNTIL LED 2 BLINKS

0
: « / AT THE SAME RATE AS LED
y o9~ Rixeo A 1. THIS MAY TAKE A MINUTE
q {>Cm uD&z_ NAL ) 19 OR SO. WHEN BOTH LEDS
J- 12 |14 R3 FLASH IN STEP, LED 3 WILL
Q2 e | STOP FLICKERING AND GLOW

STEADLY ONLY WHEN PULSES
Y FROM THE TWO OSCILLATORS

47K 3 1oﬂc”\ 52 CONTINUALLY. LED 3 GLOWS

GROUND UNUSED INPUTS ofF LE [ “%° Y ARE IN PERFECT PHASE. SO IT

470 (PINS 5, 6, 8, 9, 12 _]i* 13 | IS TRICKY TO GET LED 3 TO

AND 13) AND 4049 (PN 14). = = = — =  GLOW CONTINUOUSLY.

1. BULD THE CIRCUIT

1. O PUSH THE POWER SWITCH TO OFF. 12. 00 CONNECT F14 TO V4 (+6V) (WHT WIRE).

2. 0 INGERT 4020 IC OVER SLOT 1 (PIN 1 AT F5).  13. OO CONNECT HIl TO Il (WHT WIRE).

3. 00 INSERT 9 IC OVER SLOT 3 (PIN 1 AT FI5).  14. OO CONNECT k20 TO L20 (WHT WIRE).

4. [0 INSERT R2 ACROSS L18 AND MI8. 15. O CONNECT H4 TO Ll (WHT WIRE).

5. O INSERT R3 ACROSS K14 AND TI4. 16. O CONNECT F4 TO GI4 (WHT WIRE).

b. O INSERT C1 ACROSS GI3 (+) AND JI3 (-). 17. O CONNECT G4 TO J17 (RED WIRE).

7. O INSERT C2 ACROSS J19 (+) AND MI9 (-). 18. 00 CONNECT SPRING 34 TO Ii2 (RED WIRE).

8. O INSERT LED 3 ACROSS TI5 (ANODE) AND 19. O CONNECT SPRING 35 TO Ji2 (RED WIRE).
GROUND (CATHODE). 20. 01 CONNECT SPRINGS 11 AND I3 (WHT WRE).

9. O CONNECT L1 TO GROUND (WHT WIRE).  21. [0 CONNECT SPRING I3 TO GROUND (BLLI WIRE).

10. O CONNECT M1l TO GROUND (WHT WIRE).  22. O CONNECT SPRING 12 TO Ji§ (RED WIRE).

11. O CONNECT FI10 TO V4 (+6V) (WHT WIRE).  23. 0 CONNECT SPRING 14 TO GI2 (RED WIRE).

2. GROUND THE UNUSED INPUTS

O CONNECT J1 TO GROUND (WHT WIRE). 5.
[0 CONNECT KI TO GROUND (WHT WIRE). .
0 CONNECT K7 TO GROUND (WHT WIRE). 7.
0 CONNECT L7 TO GROUND (WHT WIRE).

CONNECT G7 TO k8 (WHT WIRE).
CONNECT H? TO K9 (WHT WIRE).
CONNECT H20 TO GROUND (WHT WIRE).

LW
o
O0OOo

BE SURE THE WIRES TO THE 100k CONSOLE POT AND OTHER WIRES DO NOT COME LOOSE. 55




4070 QUAD EXCLUSIVE-OR GATE: BUILD A 4-BIT COMPARATOR DIGITAL LOCK

DIGITAL COMPARATORS ARE IMPORTANT BUILDING BLOCKS IN COMPUTERS AND MANY OTHER
DIGITAL SYSTEMS. THIS CIRCUIT USES A 4-BIT COMPARATOR AS A DIGITAL COMBINATION LOCK.
YOU WILL PROGRAM THE CIRCUIT WITH A 4-BIT BINARY CODE (0000 TO 11). THE LED GLOWS
ONLY WHEN YOU ENTER THE EXACT CODE INTO THE FOUR PUSHBUTTON SWITCHES.

[PARTS YOU WILL NEED

113 1211 1049 8 14131211109 8 =jl_— =—=55
nnonOonQon oonnonnaQ =
N 4070 0 4011 R1-R4-10K (BRN-BLK-ORG)
TouaoTD EEEE R5-1K (BRN-BLK-RED) LED 1-GREEN
[CIRCUIT DIAGRAM
G
bV +6V * ‘jkV +oV GROUND UNUSED '
1‘ ) INPUTS OF 4011 RS
I ' l l BE SURE (PINS 12 AND 13). 1K
_| 47 bqq 51 53 PIN L
>t ‘| ‘I 53 Sq hAval LED
qu OL‘B 0 1
N
14
1/6 4049 L4 4 19 10

b
4 7 o 40

) Ll]aoo e 1044 .

. 1/4 10
q D-

Bq\ 1/4 10 3 >Oz_\—

4070 1/ 4049
2 b  y 3 11 / 12
Yoqoqs | 0 D
12 M

15 7

THE THREE ICS PROVIDE 14 GATES,
13 OF WHICH ARE USED. THE UNUSED
4011 NAND GATE CAN BE USED TO
DRIVE A SECOND LED.

10K

RL SR2Z 3SR3
10K 1ok 10K

i
'

|[ABOUT THE CIRCUIT

A SINGLE EXCLUSIVE-OR GATE CAN FUNCTION BOTH AS A BINARY HALF
ADDER AND A 1-BIT COMPARATOR. THE COMPARATOR FUNCTION MAKES THIs  |1-BIT_COMPARATOR
4-BIT COMPARATOR PROJECT POSSIBLE. IN OPERATION, THE EXCLUSIVE-OR a1 | <2 | ouT
GATE COMPARES THE LOGIC STATES AT ITS TWO INPUTS. ONLY WHEN
BOTH INPUTS ARE THE SAME DOES THE OUTPUT GO LOW (0). OTHERWISE 0 0 0
THE OUTPUT STAYS HIGH (1). AN EXCLUSIVE-NOR GATE DOES THE SAME 0 1 1
THING EXCEPT THE OUTPUTS ARE REVERSED SO THAT 0 AND 0 OR 1 AND
1 CAUSE THE OUTPUT TO GO HIGH (1). IN THE 4-BIT COMPARATOR
ABOVE, THE EXCLUSIVE-OR GATES ARE CONVERTED TO EXCLUSIVE-NOR 1 1 0
GATES WITH 4049 INVERTERS. THE ARROWS MARKED 1-4 AT THE INPUTS

OF THE 4 EXCLUSIVE-OR GATES ARE FOR PROGRAMMING THE CIRCUIT.

1 0 1




[I. INSTALL RESISTORS AND WIRES | CONNECT POWER AND SWITCHES

N

O PUSH THE POWER SWITCH TO OFF.

0O INSERT 407 IC OVER SLOT 1 (PIN 1 AT F5).
. O INSERT 4907 IC OVER SLOT 3 (PIN 1 AT FI).
. O INSERT <01 IC OVER SLOT 5 (PIN 1 AT F25).

;- CONNECT J20 TO K27 (WHT WIRE).
3

l.'

5. O INSERT Rl ACROSS F1 AND L3.

b

7

8

9

CONNECT L1 TO GROUND (WHT WIRE).

CONNECT M1l TO GROUND (WHT WIRE).

CONNECT L24 TO GROUND (WHT WIRE).

CONNECT F10 TO V4 (+ V) (WHT WIRE).
CONNECT F14 TO V4 (+ V) (WHT WIRE).
CONNECT F27 TO V4 (+ &V) (WHT WIRE).
CONNECT SPRING 4. TO F4 (BLU WIRE).
CONNECT SPRING 48 TO J4 (BLU WIRE).
CONNECT SPRING 50 TO L9 (BLU WIRE).
CONNECT SPRING 52 TO H9 (BLU WIRE).

O INSERT R2 ACROSS J1 AND GROUND.

. O INSERT R3 ACROSS L10 AND GROUND.

. O INSERT R4 ACROSS H7 AND LA4.

. O INSERT RS ACROSS D30 AND F30.

10. O INSERT LED 1 ACROSS D28 (ANODE) AND
J28 (CATHODE).
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11 O CONNECT H4 TO Jil (WHT WIRE). . O CONNECT SPRINGS 47 AND 49 (WHT WIRE).
12. T CONNECT I4 TO Ll (WHT WIRE). 13. 00 CONNECT SPRINGS 49 AND 51 (WHT WIRE).
13. T CONNECT J10 TO HL (WHT WIRE). 14. O CONNECT SPRINGS 51 AND 53 (WHT WIRE).
14. O CONNECT I10 TO HI7? (WHT WIRE). 5. O CONNECT SPRING %3 TO V4 () LU WG
15. 00 CONNECT II9 TO J2I (WHT WIRE). 1o. O CONNECT H30 TO GROUND (RED WIRE).
le. [J CONNECT K1 TO K2l (WHT WIRE). 17. O CONNECT G30 TO GROUND (RED WIRE).
17. O CONNECT GI9 TO G2l (WHT WIRE). 18. O INSERT A VERTICAL RED WIRE AT Go.
18. L] CONNECT G20 TO F2l (WHT WIRE). 19. O INSERT A VERTICAL RED WIRE AT K2.
19. 0J CONNECT I21 TO M20 (WHT WIRE). 20. O INSERT A VERTICAL RED WIRE AT K7.
20. 00 CONNECT H2l TO K20 (WHT WIRE). 21. O INSERT A VERTICAL RED WIRE AT G7.
21. O CONNECT L20 TO L27 (WHT WIRE).
|3. PROGRAM THE CIRCLIT PROGRAM WIRES
THIS CIRCUIT COMPARES A 4-BIT BINARY WORD THAT YOU MANUALLY 1 2 3 9
PROGRAM INTO THE CIRCUIT WITH THE 4-BIT BINARY WORD ENTERED o | o | o 5
INTO THE PUSHBUTTON SWITCHES. WHEN THE TWO ARE IDENTICAL,
THE LED GLOWS. PROGRAM THE CIRCUIT BY CONNECTING EACH OF o 0 1
THE FOUR VERTICAL RED WIRES TO EITHER 0 (GROUND) OR 1 (+6V). o | o 1 0
A 4-BIT WORD HAS 16 COMBINATIONS, ANY OF WHICH YOU CAN 1o , ,
SELECT. LET'S TRY 1010. THE TRUTH TABLE SHOWS PROGRAM
WIRES 1 AND 3 SHOULD GO TO +tV. PROGRAM WIRES 2 AND 4 o | 1 0 0
SHOULD GO TO GROUND. JUST PLUG THE WIRES INTO ANY 5 | ) )
AVAILABLE +6V AND GROUND POINTS. IF YOU NEED EXTRA +6V
POINTS, SOME ARE AVAILABLE ADJACENT TO PIN 1 OF THE 4049 IC. 0 1 1 0
4. TEST THE CIRCLIT ° 1! . .
1 0 0 0
CHECK THE CIRCUIT FOR ERRORS. THEN PUSH THE POWER SWITCH ON. T o 1 o )
THE LED SHOULD BE OFF (UNLESS YOU PROGRAMMED THE CIRCUIT TO
RECOGNIZE 0000). NOW ENTER THE PROGRAMMED WORD (1010) INTO 1| o 1 0
THE PUSHBUTTON SWITCHES (PRESS S1 AND S3). THE GREEN LED 1 o ) )
WILL GLOW TO INDICATE THAT THE WORD YOU ENTERED MATCHES
THE ONE YOU PROGRAMMED INTO THE CIRCULIT. 1 1 0 0
|GOING FURTHER il B N
THIS CIRCUIT SIMULATES A COMBINATION LOCK. HOW MANY OTHER - . °
APPLICATIONS CAN YOU LIST FOR A DIGITAL COMPARATOR? 1 1 1 1




14070 QUAD EXCLUSIVE-OR GATE: BUILD A SIMPLE ENCRYPTION SYSTEM

TWO EXCLUSIVE-OR GATES ARE THE KEY TO THIS SIMPLE DATA ENCRYPTION SYSTEM. YOU WILL
BUILD TWO OSCILLATORS AND USE ONE AS AN ENCRYPTION KEY AND THE OTHER AS A SIGNAL
SOURCE. YOU WILL THEN SEND SIGNALS FROM ONE EX-OR GATE TO THE SECOND EX-OR GATE.

PARTS YOU WILL NEED

ALRUEAL  wemsmues — g — ) —>
4070 4049
oUTDUUT TUTTTTTT R3-1K (BRN-BLK-RED) C1, C2-1.0 UF LED 1-GREEN LED
[CIRCLIT DIAGRAM
+bV +bV
PAICRLRLEN A
i{>o"* 32
3L)Re eL i
1M LuF
32 B
, @ 14
L
S R " Jrort
, 7
_ H__/ 7
1z 14
34 /]R2 c2 _|t SR3 1 :
100K L uF 1K ; 1
1 DATA DATA
§ GROUND UNUSED INPUTS °t1.;'
teo T ety < (PINS 8, 9, 12 AND 13 EBT N
Eg:cat:r::lon/r:‘ . T~ OF 4070 AND PINS 7
A1 AND 19 OF 4049). 1. L3

HOW THE ENCRYPTION CIRCUIT WORKS

DATA PULSES COME FROM THE LOWER OSCILLATOR AND ARE INDICATED BY LED 1. ENCODING
PULSES COME FROM THE UPPER OSCILLATOR AND ARE INDICATED BY GREEN LED 3. DATA PULSES
ARRIVE AT THE RECEIVER OUTPUT AND ARE INDICATED BY LED 2 ONLY WHEN BOTH GATES
RECEIVE IDENTICAL ENCODING PULSES. IF SO, THEN LEDS 1 AND 2 FLASH IN PERFECT STEP
WITH ONE ANOTHER. |F THE CODE IS SOMEHOW DELAYED OR CHANGED, THEN LED 2 WILL NOT
FLASH IN STEP WITH LED 1. THE DATA ARE SAID TO BE SCRAMBLED. IF THE ENCRYPTION LINE
IS BROKEN AND PIN 5 OF THE SECOND EXCLUSIVE-OR GATE IS MADE HIGH OR LOW, THE DATA WwILL
ALSO BE SCRAMBLED. FOR IMPROVED SECURITY IN REAL SYSTEMS, THE DATA AND ENCRYPTION
LINES CAN BE REPLACED BY RADIO OR OPTICAL FIBERS.

[1. BULD THE CIRCLIT

O PUSH THE POWER SWITCH TO OFF. 9.
O INSERT 4070 IC OVER SLOT 1 (PIN 1 AT F5). 10.
O INSERT 909 IC OVER SLOT 3 (PIN 1 AT FI5). 1.
O INSERT R3 ACROSS Gl3 AND TI3. 12.
a
a

CONNECT M1l TO GROUND (WHT WIRE).
CONNECT F10 TO V4 (+6V) (WHT WIRE).
CONNECT F19 TO V4 (+6V) (WHT WIRE).
CONNECT F1 TO J1 (USE A RED WIRE).
CONNECT H1 TO k1 (WHT WIRE).
CONNECT Hil TO Il (WHT WIRE).
CONNECT K20 TO L20 (WHT WIRE).
CONNECT F4 TO Gl (RED WIRE).
CONNECT G4 TO J1& (RED WIRE).

INSERT Cl1 ACROSS GI4 (+) AND J14 (-). 13.
INSERT €2 ACROSS J17 (+) AND M17 (). 14
O INSERT LED 3 ACROSS TiI5 (ANODE) AND 1S.
GROUND (CATHODE). le.
8. OO CONNECT L1 TO GROUND (WHT WIRE). 17.

A A A
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2. CONNECT THE CONSOLE POTENTIOMETERS AND LEDS AND GROUND UNUSED INPUTS

O CONNECT SPRING 31 TO HI12 (RED WIRE). 8. CONNECT SPRING 14 TO I3 (RED WIRE).
CONNECT SPRING 32 TO Jli1 (RED WIRE). 9. CONNECT K7 TO GROUND (WHT WIRE).
CONNECT SPRING 34 TO L18 (BLU WIRE). 10. O CONNECT L7 TO GROUND (WHT WIRE).
CONNECT SPRING 35 TO M1 (BLU WIRE). 1. CONNECT H& TO L& (WHT WIRE).
CONNECT SPRINGS 11 AND B (WHT WRE).  12. O CONNECT G9 TO L9 (WHT WIRE).
CONNECT SPRING I3 TO GROUND (BLL WIRE). 13. O CONNECT L1l TO GROUND (WHT WIRE).
CONNECT SPRING 12 TO G3 (RED WIRE). 14. O CONNECT H20 TO GROUND (WHT WIRE).

NE Ve
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3. TEST THE CIRCUIT

CHECK FOR ERRORS AND THEN PUSH THE POWER SWITCH ON.

ADJUST THE 100k CONSOLE POT (R2) UNTIL LED 1 UNPUT DATA) CODE DATA
AND LED 2 (QUTPUT DATA) FLASH TOGETHER A FEW TIMES A IN | ouT SIGNAL
SECOND. THIS CONFIRMS THAT DATA PULSES ENTERING THE 0 o | IN = ouT
SYSTEM ARE EXITING THE SECOND COMPARATOR UNCHANGED. ) T T IN = ooT
NOW CHANGE THE ENCRYPTION CODE BY ADJUSTING THE IM

CONSOLE POT (RL). THE FLASH RATE OF THE GREEN LED WILL 0 1 | SCRAMBLED
CHANGE AS YOU CHANGE THE CODE (THE PULSE RATE). YET 1 0 | SCRAMBLED

LEDS 1 AND 2 WILL STILL FLASH IN STEP.

TO PROVE THAT THE CIRCUIT REALLY WORKS, BREAK THE ENCRYPTION LINE AT THE SECOND
EX-OR GATE BY REMOVING THE RED WIRE FROM F1. NOW PIN 5 IS FLOATING, AND LED 2 NO
LONGER FLASHES IN STEP WITH LED 1. CONNECT THE FREE RED WIRE AT PIN 5 TO +tvV AND
THEN TO GROUND WHILE WATCHING THE SCRAMBLED RESPONSE OF LED 2.

|COMPUTER SECURITY

THIS SIMPLE ENCRYPTION PROJECT IS DESIGNED TO ACQUAINT YOU WITH THE PROBLEM OF
COMPUTER AND COMMUNICATIONS SECURITY. BECAUSE OF THE RAPID GROWTH OF CELLULAR
TELEPHONE TECHNOLOGY AND THE INTERNET, THERE IS A VITAL NEED TO PROTECT PERSONAL
AND BUSINESS INFORMATION FROM UNAUTHORIZED PEOPLE AND CRIMINALS. DATA SECURITY
SYSTEMS USE COMPUTER SOFTWARE, ELECTRONIC HARDWARE OR BOTH. OUR SIMPLE EXCLUSIVE-
OR ENCRYPTION SYSTEM IS A HARDWARE DEVICE THAT IS CONTROLLED BY A SERIES OF PULSES
FROM AN OSCILLATOR. HERE ARE SOME WAYS TO USE HARDWARE TO PROVIDE A RANDOM OR
NEARLY RANDOM ENCRYPTION SIGNAL TO MAKE THIS SYSTEM MORE SECURE:

1. USE A GEIGER COUNTER TRIGGERED BY RANDOM PULSES FROM COSMIC RAYS (NATURAL
BACKGROUND RADIATION) TO PROVIDE THE ENCRYPTION SIGNAL.

2. USE A SHIFT-REGISTER RANDOM NUMBER GENERATOR TO PROVIDE THE ENCRYPTION SIGNAL.
HERE ARE SOME METHODS THAT CAN PROTECT THE ENCRYPTION SIGNAL FROM DETECTION:

1. CUT THE ENCRYPTION LINE BETWEEN THE TWO GATES AND CONNECT A PULSE GENERATOR
TRIGGERED BY A RADIO SIGNAL TO THE TWO ENCRYPTION INPUTS. TUNE BOTH RADIOS TO THE
SAME STATION TO PROVIDE IDENTICAL ENCRYPTION SIGNALS.

2. CUT THE ENCRYPTION LINE AND PROVIDE A SOFTWARE “KEY" AT EACH END OF THE DATA
LINK. THE KEY CAN BE A SPECIAL LISTING OF RANDOMIZED CODE (BINARY PATTERNS) OR EVEN
MUSIC OR THE TEXT FROM A BOOK OR TELEPHONE DIRECTORY KNOWN ONLY TO THOSE
AUTHORIZED TO RECEIVE THE SIGNAL. 59



40bb QUAD SWITCH: GETTING TO KNOW THE 406k

CMOS SWITCH ICS ARE VERY USEFUL SINCE THEY CAN

BE SWITCHED OFF OR ON BY A LOGIC

SIGNAL (0 OR 1). YOU WILL BUILD A SIMPLE 40te DEMONSTRATOR CIRCUIT TO LEARN HOW TO USE
THIS HIGHLY USEFUL CHIP. WHILE THE 40tk IS PRIMARILY USED IN DIGITAL LOGIC CIRCUITS, IT
CAN ALSO BE USED WITH OPERATIONAL AMPLIFIERS AND OTHER ANALOG ICS.

[PARTS YOU WILL NEED

14131211109 8 =_—
ininlisinlinlinlnl

0 40066 R1-4.7k (YEL-VIO-RED)
TUUEUYY R2, R3-IK (BRN-BLK-RED)

—_— =
—

LED 1-RED LED
LED 2-GREEN LED

CIRCUIT DIAGRAM

+V  +bV +6V +6V
4 A
RZ
DPDT K
<1 SWITCH 14 LED
b 834 N O
-| Q/o i
o4l <y L { ool
bs
13 R3 \\D'e
1K
R{
41K LED
Z
i \\

DPDT Sl |LED 1|LED 2
DOWN (LOW) DIM
0P (HIGH) OFF | (4066 OFF)
DOWN (LOW) | ON [ ON OFF
UP (HIGH) OFF ON

NORMALLY THE 406 SWITCH IS OFF.
PRESSING SI1 PULLS CONTROL PIN 13
HIGH AND CLOSES THE 40bb SWITCH.
DEPENDING ON THE SETTING OF
THE DPDT SWITCH, CURRENT WILL
NOwW BE STEERED THROUGH THE
4066 SWITCH AND EITHER LED 1 OR

GROUND UNUSED CONTROL INPUTS (PINS 5, & AND 12). LED 2.

[1. BUILD THE CIRCUIT

1. O PUSH THE POWER SWITCH TO OFF. L1 (CATHODE).

2. O INSERT THE "0t OVER SLOT 3 (PIN 1 AT FI5). 8. O CONNECT L2 TO GROUND (WHT WIRE).

3. O INSERT Rl ACROSS SPRNG “ AND GROUND. 9. I CONNECT F20 TO V4 (+b) (WHT WIRE).

4. O INSERT R2 ACROSS D14 AND FI19. 10. O CONNECT SPRING “6 TO GROUND (RED WIRE).

5. O INSERT R3 ACROSS GI4 AND NI4. 1. O CONNECT SPRING 44 TO FI3 (BLU WIRE).

b. [ INSERT LED 1 ACROSS D1l (ANODE) AND 12. O CONNECT SPRING 43 TO V4 (+Vv) BLL WRE).
G11 (CATHODE). 13. O CONNECT SPRING 46 TO G20 (RED WIRE).

7. 0O INSERT LED 2 ACROSS N1l (ANODE) AND 14. O CONNECT SPRINGS 47 AND 43 (WHT WRE).

2. TEST THE CIRCUIT

CHECK YOUR WIRING FOR ERRORS. THEN PUSH THE DPDT SWITCH DOWN AND PUSH THE POWER
SWITCH ON. BOTH LEDS WILL GLOW DIMLY. THIS IS BECAUSE THEY ARE CONNECTED IN SERIES
BETWEEN +6v AND GROUND. (THEY DO NOT NOW RECEIVE ANY CURRENT THROUGH THE 40kb
LOGIC SWITCH.) NOW PRESS SI. LED 1 WILL GLOW BRIGHTLY AND LED 2 WILL SWITCH OFF.
WHILE KEEPING S1 PRESSED DOWN, PUSH THE DPDT SWITCH UP. NOW LED 2 WILL GLOW
BRIGHTLY AND LED 1 WILL SWITCH OFF. RELEASE S1 AND BOTH LEDS WILL GLOW DIMLY AS

0 WHEN THE 4066 SWITCH WAS ORIGINALLY OFF. CHECK

YOUR RESULTS AGAINST THE TRUTH TABLE.




4066 QUAD SWITCH: HOW TO MAKE A 3-STATE LOGIC GATE

LOGIC GATES HAVE ONLY TWO STATES: LOW (0) AND HIGH (1). MANY ADDITIONAL APPLICATIONS
ARE POSSIBLE BY ADDING A THIRD STATE IN WHICH THE OUTPUT OF THE LOGIC GATE IS SIMPLY
DISCONNECTED FROM THE OUTSIDE WORLD. SUCH GATES ARE CALLED 3-STATE OR TRI-STATE
LOGIC GATES. YOU CAN USE A 4066 TO CONVERT ANY GATE INTO A 3-STATE GATE. THE 406k
WILL ALLOW YOU TO MANUALLY OR ELECTRONICALLY CONTROL WHEN THE GATE IS CONNECTED
TO EXTERNAL CIRCUITS.

[PARTS YOU WILL NEED

YOU WILL NEED THE CIRCUIT ON GEARARNA
PAGE 0 PLUS: Ho449
|EEgEEEEEEEEERE|
L 2345678
[CIRCLIT DIAGRAM
tev +pV 4V +ev rov DPDT S1 |LED 1|LED 2
\ DPDT S1 | LED 1|LED 2
f& LED OFF DIM
51 |am . DOWN (LOW) [T -] (066 OFF)
1/l AT
-Io“[b %c‘iqq 14 LED \ \\E?w
] [\1/1 . %1 e OFF | OFF | ON
2 ool Z UP (HIGH)
/
l/>c /4 oN | ON | oFf
8 40bb
gf_jik 43 3 |7 - YOU CAN CONNECT ANY STANDARD
e 1% GATE TO A 40bb USING THIS BASIC
Ty LED CIRCUIT. TRIGGER THE 406b WITH A
N 2 SWITCH OR WITH ANOTHER GATE.
DPDT \\\*
. . 1 SWITCH

GROUND UNUSED INPUTS (PINS 5, & AND 12 OF 406t AND 3, 5, 7, 11 AND 14 OF 4049).

|1. MODIFY THE GETTING ACQUAINTED CIRCUIT ON PAGE &0

O

PUSH THE POWER SWITCH TO OFF. 10. O CONNECT H1 TO GROUND (WHT WIRE).
REMOVE BLU WIRE FROM SPRNG 44 TO F13. 11. OO CONNECT J1 TO GROUND (WHT WIRE).
REMOVE RED WIRE FROM SPRNG 4 TO G20. 12. [0 CONNECT L1 TO GROUND (WHT WIRE).
INSERT THE 4049 OVER SLOT 1 (PIN 1 AT F5). 13. OO CONNECT H7 TO GROUND (WHT WIRE).
CONNECT M4 TO GROUND (WHT WIRE). 14. O CONNECT K7 TO GROUND (WHT WIRE).
CONNECT F4 TO VA (+b) (RED WIRE). 15. O CONNECT J14 TO GROUND (WHT WIRE).
CONNECT L10 TO Fl1 (WHT WIRE). le. O CONNECT K14 TO GROUND (WHT WIRE).
CONNECT SPRING 46 TO M10 (RED WIRE). 17. OO CONNECT H20 TO GROUND (WHT WIRE).
CONNECT SPRING 44 TO G20 (BLU WIRE).

D PN UL WD
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2. TEST THE CIRCUIT

CHECK YOUR WIRING FOR ERRORS. THEN PUSH THE DPDT SWITCH DOWN AND PUSH THE POWER
SWITCH ON. THE 4066 SWITCH WILL BE IN ITS DISCONNECTED OR HIGH-IMPEDANCE STATE. BOTH
LEDS WILL GLOW DIMLY SINCE THEY ARE CONNECTED IN SERIES, ALONG WITH R2 AND R3, TO
+6 VOLTS. NOW PUSH THE DPDT SWITCH UP TO PULL THE 406t CONTROL PIN HIGH. THIS TURNS
ON THE 40tb SWITCH. LED 2 WILL GLOW AND LED 1 WILL TURN OFF TO INDICATE THAT THE
OUTPUT OF THE 4049 INVERTER IS HIGH. PRESS S1 TO CHANGE THE OUTPUT OF THE 4049 TO

LOW. THIS WILL CAUSE LED 1 TO GLOW AND LED TO TURN OFF. Ll



4066 QUAD SWITCH: BUILD A 3-STATE DATA BUS CONTROLLER

DATA AND INSTRUCTIONS MOVE BETWEEN THE VARIOUS SECTIONS OF A COMPUTER OVER

PARALLEL CONDUCTORS OR WIRES CALLED BUSES. YOU WILL USE A 4066 TO DEMONSTRATE HOW A
3-STATE CONTROLLER CAN SWITCH TWO DATA BUSES TOGETHER. FOUR LEDS WILL INDICATE THE
4-BIT LOGIC SIGNALS YOu PLACE ON THE BUS.

[PARTS YOU WILL NEED

14131211109 8
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R1, R2, R3, R4, R5-4.7%k (YEL-VIO-RED)

CIRCUIT DIAGRAM

+6V + bV +6V +6V
INPUT RUS 1
| SRR DPDT
THE FOUR 44 -
WIRES r13 R23R3 3 Ry 43
ACROSS gak | 4ak]4aKk] 49k " 1 D AR LEDL |
THE 4049 1/4 QA
INVERTERS L
FORM A 4- 1/6 40 e
BIT DATA *)
BUS. WHEN 11 2 | 1 10 14 L2802 lu3
A SWITCH {>° U MR
IS PRESSED q06b
(S1 -S4), |
ITS BUS
WIRE IS q 10 4 3 16 LER3 |45
PLLLED LOW. Dcf e <
OTHERWIE \ 4066 *
THE INPUTS 1)6 4049 .___.I 5
ARE HIGH. )
LEDY
7 6 9 1 17
3-STATE TS 2 =
LOGIc s1 | s2 |s3 |sH 8 406k )
oYy (048 050 452 Ll 7
0, 1 AND 'I 'I 'I ‘]
NOT T&n Tﬂq TSL Tss RS GROUND UNUSED
CONNECTED _L . ' INPUTS OF 4049
1 L 13 L NS 3AND 5. L
DPDT 3-STATE INPUT BUS OUTPUT BRUS
CONTROL Sl S2 S3 S4 | LED 1[LED 2|LED 3|LED 4
OFF OFF | OFF | OFF | OFF | LEDS ARE OFF SINCE THE
OUTPUT BUS IS NOT
ON ON ON ON CONNECTED TO THEM
ON OFF | OFF | OFF | OFF | OFF | OFF | OFF | OFF
62 ON ON ON ON ON ON ON ON

OUTPUT BUS

THE FOUR
WIRES AT
THE LEDS
FORM A 4-BIT
OUTPUT BUS.
THE LEDS
SHOW THE
LOGICAL
STATUS OF
EACH BUS
WIRE.

IN THIS
CASE, THE
INVERTERS
REVERSE THE
LOGICAL
STATUS OF
THE INPUTS
SO THAT
LOGICAL 0
CAUSES AN
LED TO
GLOW.




[1. BUILD THE CIRCULIT

1. O PUSH THE POWER SWITCH TO OFF. 21. [0 CONNECT SPRINGS 47 AND 9 (WHT WIRE).
2. O INSERT THE 907 OVER SLOT 1 (PIN 1 AT F5). 22. O CONNECT SPRINGS <7 AND 51 (WHT WIRE).
3. O INSERT THE 4“0t OVER SLOT 3 (PIN 1 AT 23. OO CONNECT SPRINGS 51 AND 53 (WHT WIRE).
FI5). 24. O CONNECT SPRING 53 TO GROUND (RED WIRE).
4. O CONNECT M4 TO GROUND (WHT WIRE). 25. O CONNECT SPRING 4 TO H10 (BLU WIRE).
5. O CONNECT F1 TO V4 (+b) (RED WIRE). 2b. O CONNECT SPRING 48 TO K10 (BLU WIRE).
6. [O0 CONNECT L1l TO GROUND (WHT WIRE). 27. O CONNECT SPRING 50 TO MI10 (BLU WIRE).
7. O CONNECT F20 TO V4 (+b V) (WHT WIRE). 28.[0 CONNECT SPRING 52 TO LI (RLU WIRE).
8. O CONNECT GI10 TO F1I (WHT WIRE). 29. O CONNECT SPRING 43 TO K14 (RED WIRE).
9. O CONNECT J10 TO I17 (WHT WIRE). 30. O CONNECT SPRING 44 TO V4 (+6V) (BLU
10. OO CONNECT L10 TO Il (WHT WIRE). WIRE).
11. OO CONNECT J11 TO K1l (WHT WIRE). 31. O CONNECT SPRINGS 11 AND I3 (WHT WIRE).
12. OO CONNECT JI14 TO H17 (WHT WIRE). 32. 0 CONNECT SPRINGS 13 AND 15 (WHT WIRE).
13. [0 CONNECT G20 TO H20 (WHT WIRE). 33. 0 CONNECT SPRINGS 15 AND 17 (WHT WIRE).
14. O CONNECT K4 TO L17 (RED WIRE). 34. O CONNECT SPRING 17 TO GROUND (BLU WIRE).
15. O INSERT Rl ACROSS C7 AND H?. 35. 0 CONNECT SPRING 12 TO Gl1 (RED WIRE).
le. 00 INSERT R2 ACROSS C8& AND K&. 36. OO CONNECT SPRING 14 TO J20 (RED WIRE).
17. O INSERT R3 ACROSS C9 AND M9. 37. 0O CONNECT SPRING 16 TO HI1l (RED WIRE).
18. O INSERT R4 ACROSS Cb AND L3. 38. 0 CONNECT SPRING 18 TO k20 (RED WIRE).
19. O INSERT R5 ACROSS K12 AND GROUND. 39. O CONNECT H1 TO GROUND (WHT WIRE).
20. 0 CONNECT C10 TO V4 (+6V) (WHT WIRE). 40. O CONNECT J1 TO GROUND (WHT WIRE).

2. TEST THE CIRCUIT

DOUBLE CHECK YOUR WIRING. MAKE SURE ALL THE WIRES ARE INSERTED FIRMLY INTO THE BREAD-
BOARD AND THAT THE BARE LEADS OF ADJACENT RESISTORS DO NOT TOUCH. THEN PUSH THE
DPDT SWITCH DOWN AND PUSH THE POWER SWITCH ON. ALL FOUR LEDS SHOULD BE OFF. ALL
FOUR WIRES ON THE INPUT BUS ARE HIGH (LOGICAL 1). PRESS SOME PUSHBRUTTON SWITCHES TO
APPLY LOGICAL 0'S. THE LEDS SHOULD STILL BE OFF, BECAUSE THE 4066 BUS CONTROLLER IS
OFF. NEXT, PUSH THE DPDT SWITCH UP TO CONNECT THE INPUT BUS TO THE OUTPUT BUS. THE
OUTPUT LEDS WILL STILL BE OFF SINCE EACH IS NOW LOW. WHEN YOU PRESS AN INPUT SWITCH
TO GENERATE A LOGICAL 1 ON THE OUTPUT, THE RESPECTIVE LED WILL GLOW.

|ABOUT 3-STATE LOGIC...

THERE ARE ONLY TWO LOGIC STATES: 0 (LOW) AND 1 (HIGH). THREE-STATE LOGIC CIRCUITS
FEATURE A SPECIAL CONTROL INPUT. A LOGIC SIGNAL CAN BE APPLIED TO THE CONTROL INPUT
TO CONNECT OR DISCONNECT THE OUTPUT OF THE GATE TO OR FROM THE OUTSIDE WORLD.
WHEN THE LOGIC GATE IS DISCONNECTED (THE THIRD STATE), THE GATE'S OUTPUT ASSUMES A
VERY HIGH IMPEDANCE STATE. WHEN THE LOGIC GATE IS CONNECTED, IT FUNCTIONS AS A NOR-
MAL GATE. SOME ICS DESIGNED SPECIFICALLY FOR CONTROLLING DATA BUSES ARE 3-STATE
DEVICES. THE 406t AND OTHER KINDS OF CMOS SWITCHES ALLOW YOU TO MAKE YOUR OWN 3-
STATE LOGIC GATES.

GOING FURTHER

YOU CAN EASILY CONVERT A STANDARD LOGIC GATE INTO A 3-STATE GATE. JUST CONNECT

THE OUTPUT OF A GATE TO ONE OF THE SWITCHES IN A 406b. THE OTHER SIDE OF THE 40Lb
SWITCH IS NOW THE OUTPUT OF THE GATE. WHEN THE APPROPRIATE CONTROL PIN OF THE 406b
IS LOW, THE GATE WILL ASSUME THE HIGH-IMPEDANCE (DISCONNECTED) STATE. WHEN THE PIN IS
HIGH, THE GATE WILL FUNCTION NORMALLY. b3



4066 QUAD SWITCH: BUILD A GATED DUAL FLASHER CIRCUIT

THE 406t IS HANDY FOR MODIFYING THE OPERATION OF VARIOUS CIRCUITS, LIKE THE DUAL LED
FLASHER SHOWN HERE. NORMALLY THE LEDS WOULD FLASH MERRILY ALONG. YOU WILL INSERT
TWO SWITCHES IN A 40bb BETWEEN THE LEDS AND THE OSCILLATOR THAT DRIVES THEM. YOU

WILL THEN SWITCH THE FLASHER ON AND OFF USING THE 406k CONTROL INPUTS.

[PARTS YOU WILL NEED

—_— =

14131211109 8 b 154413121110 9 %]]:1_' _fﬂvlu__q_\l .
nnoonnn onnnnnnn - -
b 4066 4049 R1, R2-4.7k (YEL-VIO-RED) LED 1-RED LED
T T N — R3-1K (BRN-BLK-RED) C1, C2-100 UF LED 2-GREEN LED
L2349567 (2345678 R4-10k (BRN-BLK-ORG)
CIRCUIT DIAGRAM
+bV +b6V +LV  toV  Lep sl [ LED 1|LED 2
R3 !
» R3 g \ i OFF OFF
&J,-K o - 4 | ST \ ON FLASH
10 L AN, N
R e 2Ry T
("0 e [ddo | weer | 977 TWO 404 INVERTERS FORM AN ASTABLE
L9649 T t00nF T3 MULTIVIBRATOR. TWO NORMALLY-OFF
4066 SWITCHES ARE BETWEEN THE
R2 B L8 LEDS AND THE OSCILLATOR. PRESSING
” LED2L
8 | € oF ) S1 PULLS THE 4066 CONTROL INPUTS
ALt . ooty 3 HIGH, THUS SWITCHING ON THE “0ck
8 dobb | ¥ 10K AND FLASHING THE LEDS ALTERNATELY.
7
1 _L | GROUND UNUSED INPUTS (PINS & AND 12 OF

4066 AND 3, 5, 7 AND 14 OF 4049).

[1. BUILD THE CIRCULIT

O PUSH THE POWER SWITCH TO OFF. 15.
INSERT THE 4047 OMER SLOT 1 (PIN 1 AT F5).  le.
INSERT THE 40 OVER SLOT 3 (PIN 1 AT FI5). 17.
CONNECT M4 TO GROUND (WHT WIRE). 18.
CONNECT F4 TO V4 (+b) (RED WIRE). 19.
CONNECT L1 TO GROUND (WHT WIRE).
CONNECT F20 TO V4 (+b V) (WHT WIRE). 2.
CONNECT J14 TO GI17 (WHT WIRE).
CONNECT J10 TO HI1l (WHT WIRE).
CONNECT L10 TO F11 (WHT WIRE).
CONNECT SPRING 47 TO J13 (RED WIRE).
CONNECT SPRING 4 TO V4 (+V) BLU WIRE).
INSERT Rl ACROSS MI10 AND GROUND.
INSERT R2 ACROSS K9 AND GROUND.

O INSERT R3 ACROSS EI4 AND F17.

O INSERT R4 ACROSS J1I AND GROUND.
O INSERT Cl ACROSS K7 (=) AND L7 (+).
O INSERT C2 ACROSS J8 (+) AND M8 (-).
O INSERT LED 1 ACROSS E12 (ANODE) AND
GI12 (CATHODE).

O INSERT LED 2 ACROSS E13 (ANODE) AND
I13 (CATHODE).

O CONNECT HI TO GROUND (WHT WIRE).
O CONNECT J1 TO GROUND (WHT WIRE).
O CONNECT L1 TO GROUND (WHT WIRE).
O CONNECT H? TO GROUND (WHT WIRE).
O CONNECT K1l TO GROUND (WHT WIRE).
O CONNECT H17 TO GROUND (WHT WIRE).

i U S

GRSES
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2. TEST THE CIRCUIT

CHECK FOR ERRORS. THEN PUSH THE POWER SWITCH ON. BOTH LEDS WILL BE OFF. PRESS Sl.

THE LEDS WILL ALTERNATELY FLASH. THE FLASH RATE IS CONTROLLED BY Cl1 AND C2. EQUAL

CAPACITOR VALUES GIVE EQUAL FLASH TIMES. USE A 470 UF CAPACITOR FOR Cl1 TO GET A
b4 LONG-SHORT FLASH CYCLE.



406b QUAD SWITCH: BUILD A PULSATING DUAL FLASHER CIRCUIT

THE 40te LED DUAL FLASHER IN THE PREVIOUS PROJECT IS CONTROLLED BY PRESSING Sl1. THIS
CIRCUIT EXCHANGES S1 FOR AN INDEPENDENT OSCILLATOR THAT AUTOMATICALLY APPLIES
CONTROL PULSES TO THE 40bb. YOU WILL ADD THIS SIMPLE CIRCUIT TO THE DUAL LED FLASHER
AND ADJUST IT TO CREATE A VARIETY OF EYE-CATCHING EFFECTS.

[PARTS YOU WILL NEED

YOU WILL NEED THE GATED DUAL FLASHER CIRCUIT ON PAGE &2 PLUS: =" ") (3-10 UF

[CIRCLIT DIAGRAM

LED PORTION OF THIS
R3
14 1k g Y CIRCUIT IS THE
) CONTROL

R1 . ‘\ fear 4066 DUAL LED
47K q 10 1 2 N PULSES FLASHER WITH-
— " _]: e K =S OUT S1 AND RA.
C tle CL L4oee | LEDL THE TWO 4049
4oy F
\/T I 2 Q< 3 INVERTERS ON
TR = e e~y THE RIGHT SIDE
;2?;‘( yo49 +1oo,.F Lep2 |C3 7 4049 OF THE FLASHER
e |11 o]t 2 I LoeFl CIRCUIT APPLY
2 Ty THE CONTROL
2 PULSES AT A
et 7 14 RATE DETERMINED
= = —  GENERATOR BY RY.

GROUND UNUSED INPUTS (PINS & AND 12 OF 406 AND 7 AND 14 OF 4049).

|1. MODIFY THE GATED DUAL FLASHER CIRCUIT ON PAGE 62

—
H

O PUSH THE POWER SWITCH TO OFF. b. OO CONNECT H4 TO I4 (WHT WIRE).

O REMOVE RA4. 7. O CONNECT G4 TO J12 (RED WIRE).

3. 0O REMOVE WIRES BETWEEN S1 AND THE 8. [0 CONNECT SPRING 31 TO H1 (RED WIRE).
BREADBOARD. 9. O CONNECT SPRING 32 TO J1 (RED WIRE).

4. O REMOVE WHT WIRE FROM HI TO GROUND. 10. O INSERT C3 ACROSS G3 (+) AND J3 (-).

5. O REMOVE WHT WIRE FROM J1 TO GROUND.

[

2. TEST THE CIRCUIT

CHECK THE CIRCUIT FOR ERRORS AND BE SURE THE ORIGINAL PORTION OF THE CIRCUIT IS STILL
CONNECTED PROPERLY. ROTATE THE IM CONSOLE POT (R4) TO ITS MIDPOINT. THEN PUSH THE
POWER SWITCH ON. THE LEDS wILL FLASH ALTERNATELY FOR A FEwW SECONDS. BOTH LEDS
WILL THEN SWITCH OFF FOR A FEw SECONDS. AFTER THIS PAUSE, THE LEDS WILL CONTINUE
TO FLASH, AND THE CYCLE wILL REPEAT INDEFINITELY. WHEN THE CIRCUIT IS WORKING
PROPERLY, SLOWLY ROTATE R4'S KNOB WHILE WATCHING THE LEDS. STOP ROTATING R4 WHEN
EACH LED FLASHES ON ONCE BEFORE THE PAUSE INTERVAL. THEN VERY GRADUALLY ADJUST
R4 UNTIL EACH LED FLASHES TWICE IN SUCCESSION WITHOUT AN APPARENT PAUSE. NOW THE
CONTROL PULSES ARE ARRIVING MUCH FASTER THAN BEFORE. IF YOu ARE CAREFUL, YOu CAN
ADJUST R4 SO THAT EACH LED ALTERNATELY EMITS 4-5 VERY BRIEF FLASHES IN RAPID
SUCCESSION. THE VISUAL EFFECT IS QUITE CAPTIVATING, ESPECIALLY IN A DARKENED ROOM. 65



406b QUAD SWITCH: BUILD A 1-OF-4 DATA SELECTOR

A MECHANICAL ROTARY SWITCH SELECTS ONE OF SEVERAL DIFFERENT CIRCUITS. A DATA
SELECTOR LOGIC CIRCUIT DOES THE SAME THING WITHOUT ANY MOVING PARTS. YOU WILL
USE A 406t TO MAKE A 1-OF-4 DATA SELECTOR. THE CIRCUIT WILL SELECT 1-OF-4 INPUTS
AND APPLY ITS LOGICAL STATE TO AN INDICATOR LED.

[PARTS YOU WILL NEED

141317111109 8 .__:]]]:___, [ —

aonooonoon =
0 400bo R1, R2, R3, R4-4.7K (YEL-VIO-RED)
TUUTYYY RS-1K (BRN-BLK-RED) LED 1-RED LED

CIRCUIT DIAGRAM

+6V FRY, IMPORTANT
INPUT BUS 1 PRESS ONLY ONE
—t CONTROL SWITCH
INPUTS 1-4 ARE CONNECTED 447 qu 151 lss AT A TIME.
TO EXTERMAL LOGC CRCUTS _{ -I -{ "
OR TO +bV (HIGH) OR 4 'Jus 50 'Is52
GROUND (LOW). IN THIS g _S1l s2]| s3l s4 1| |2
PROJECT, THE EXTERNAL =T 1y ©
SIGNALS ARE PROVIDED BY 4066
CONNECTING ANY OR ALL OF 13
4 INPUT WIRES TO +6V OR
GROUND. 2 < 11 o |10
14
H06b
12 24
CONTROL SWITCHES :
RS Led
PUSHBUTON SWITCHES S1-S4 2 41 13 1
ARE CONNECTED TO THE iy
CONTROL PINS OF THE 406b. E
NORMALLY THE CONTROL PIN
OF EACH 4066 SWITCH IS
PULLED LOW BY RI-R4. THIS 4 8| — |9
THE SWITCHES ARE NORMALLY KON
OFF. PRESSING ONE (AND e To
ONLY ONE) OF SWITCHES | —
S1-54 PULLS THE RESPECTIVE
CONTROL PIN HIGH AND Si i 22 s 3 el
SWITCHES ON THAT SWITCH. 47K ] 49K] 47k] 47K
THE EXTERNAL CIRCUIT = = = = L -
CONNECTED TO THE INPUT - -
OF THAT SWITCH IS THEN
CONNECTED DIRECTLY TO THE QUTPUT
L"%H ":T;,LHELE“;PL\;ILE ‘?22’,:1 5 SINCE THE OUTPUT SIDES OF THE FOUR 406b SWITCHES ARE
GLOW. TIED TOGETHER, ONLY ONE SWITCH SHOULD BE ON AT A

TIME. THE LED GLOWS ONLY WHEN THE SELECTED INPUT
SIGNAL IS HIGH. THE LED IS OFF WHEN THE SELECTED
SIGNAL IS LOW OR WHEN NO INPUT HAS BEEN SELECTED.



[1. BUILD THE CIRCULIT

O PUSH THE POWER SWITCH TO OFF.
CONNECT L11 TO GROUND (WHT WIRE).

CONNECT Gl TO HI1l (WHT WIRE).
CONNECT HI14 TO J17 (WHT WIRE).
CONNECT J20 TO K20 (WHT WIRE).
INSERT Rl ACROSS Gl17 AND L13.
INSERT R2 ACROSS HI17 AND LI4.
INSERT R3 ACROSS JiI AND GROUND.
INSERT R4 ACROSS K12 AND GROUND.
INSERT R5 ACROSS K18 AND T18.

O INSERT LED ACROSS T20 (ANODE) AND

O X

BES
OoO0O0oOoO0O0ooOooo

-
o

INSERT THE “0eb OVER SLOT 3 (PIN 1 AT FIS).

CONNECT F20 TO V4 (+b V) (WHT WIRE).

14.
15.
16.
17.
18.
19.

21.
22.
23.
24.
25.

GROUND (CATHODE).

CONNECT SPRINGS 47 AND ‘@ WHT WIRE).
CONNECT SPRINGS “@ AND 51 (WHT WIRE).
CONNECT SPRINGS 51 AND 53 (WHT WIRE).
CONNECT SPRING 46 TO G20 (BLU WIRE).
CONNECT SPRING 46 TO H20 (BLU WIRE).
CONNECT SPRING 50 TO J13 (BLU WIRE).
CONNECT SPRING 52 TO K13 (BLL WIRE).
CONNECT SPRING 53 TO F19 (BLU WIRE).
INSERT A VERTICAL RED WIRE AT Fi2.
INSERT A VERTICAL RED WIRE AT II7.
INSERT A VERTICAL RED WIRE AT II2.
INSERT A VERTICAL RED WIRE AT LI7.

O00oO0OO00O0oOOoOO00oOoaO

|2. PROGRAM THE CIRCLIT

THIS CIRCUIT SELECTS 1-OF-4 INPUT SIGNALS AND APPLIES |T TO THE OUTPUT LED. THE 4 RED

VERTICAL WIRES YOU INSERTED INTO THE BREADBOARD ARE THE INPUTS. FOR TEST PURPOSES,
CONNECT EACH OF THESE INPUTS TO V4 (+6V). THIS MEANS THAT THE LED WILL GLOW WHEN
ANY OF THE 4 INPUTS IS SELECTED BY PUSHBUTTON SWITCHES SI1-S4.

2. TEST THE CIRCUIT

THIS CIRCUIT HAS SEVERAL CLOSELY
SPACED RESISTORS, SO BE SURE NONE OF
THEIR BARE LEADS ARE TOUCHING. WHEN
YOU ARE SURE THE CIRCUIT IS WIRED
CORRECTLY, PUSH THE POWER SWITCH ON.
THE LED wILL BE OFF. (IF IT GLOWS WHEN
NONE OF THE PUSHBUTTON SWITCHES ARE
PRESSED, QUICKLY SWITCH THE POWER OFF
AND CHECK YOUR WIRING.) NOW PRESS Sl.
THE LED WILL GLOW IF YOU CONNECTED
INPUT WIRE 1 TO +bV. PRESS S2, S3 AND
S4 IN SEQUENCE. EACH TIME A SWITCH IS
PRESSED, THE LED WILL GLOW IF YOU CON-
NECTED THE RESPECTIVE INPUT WIRE TO
+6V. BE SURE TO PRESS ONLY ONE PUSH-
BUTTON SWITCH AT A TIME. PRESSING TwWO
OR MORE SWITCHES SIMULTANEOUSLY COULD
APPLY A SHORT CIRCUIT TO THE

RELEVANT INPUTS.

SELECTOR SWITCHES

OUTPUT LED IS
CONNECTED ToO:

SL| S2 | S3 | sS4

ON | OFF | OFF | OFF INPUT 1
OFF| ON | OFF | OFF INPUT 2
OFF| OFF | ON | OFF INPUT 3
OFF | OFF | OFF | ON INPUT 4

CAUTION: PRESS ONLY ONE SWITCH AT A TIME.

GOING FURTHER

THE FOUR OUTPUTS IN THIS CIRCUIT ARE WIRED TOGETHER. YOU CAN DISCONNECT THE OUTPUTS

FROM ONE ANOTHER AND USE THE CIRCUIT TO CONTROL EACH WIRE IN A BUS OF FOUR WIRES.
YOU CAN CONNECT THE FOUR OUTPUTS TO FOUR OF THE CONSOLE LEDS TO PROVIDE LOGIC

STATUS INDICATORS. SINCE THE OUTPUTS ARE NOT CONNECTED, YOU CAN ACTIVATE ANY OR

ALL THE 406k INPUTS SIMULTANEOUSLY USING PUSHBUTTON SWITCHES S1-S4.

b7



14013 DUAL FLIP-FLOP: BUILD AND UNDERSTAND A DATA (D) FLIP-FLOP.

FLIP-FLOPS HAVE TWO OUTPUTS THAT ARE AT OPPOSITE STATES. THE Q OUTPUT OF THE D-
TYPE FLIP-FLOP STORES THE BIT AT THE DATA INPUT WHEN TRIGGERED BY A CLOCK PULSE.

YOU WILL MAKE AND TEST A D-TYPE FLIP-FLOP THAT STORES A DATA BIT (0 OR 1).

[PARTS YOU WILL NEED |

14131211109 8 ‘:‘II]:;E,
R1, R2, R3-4.7k (YEL-VIO-RED)

4013

1234567

[CIRCUIT DIAGRAM

+ 6V + 6V + oV GROUND UNUSED INPUTS DATA CLOCK Qal Q2
0 L (PINS 8, 9, 10 AND 11). (OPDT (S1 ¢ |(QED 2| QLED 3)
SWITCH) | LED 1)
J;n qu 151
_{ ‘I _I DOWN | PRESS | OFF ON
T4 P18 Ipso " /\NiE it ) &) ) )
a1 =T =3 uP PRESS | ON | OFF
cLock| SET | RESET 14 ) ey ) (0)
blceT LED2 7
| 3leiock OF ML A3 LN THE cLOCK INPUT TS
RE PULSED BY S1, THE D-TYPE
44 2IDATA _ |, | LED3 g | FLIP-FLOP STORES THE DATA BIT
o @c' 4 |oeser O MY (0 OR 1) SELECTED BY THE DPDT
oodt | o1 |R2 | ea N\ SWITCH. NORMALLY THE SET AND
DATA T 47K 47K 4.9k 1/2 CONSOLE RESET INPUTS ARE LOW. PRESSING
T 4013 LEDs S2 SETS Q TO 1. PRESSING S3
A 1 L RESETS a TO o.
[1. BUILD THE CIRCULIT |
1. O PUSH THE POWER SWITCH TO OFF. 14. OO CONNECT SPRING 43 TO V4 (+6V) BLU WRE).
2. O INSERT THE 4013 OMVER SLOT 3 (PIN 1 AT F5). 15. OO CONNECT SPRING “4 TO J13 (BLU WIRE).
3. OO CONNECT L12 TO GROUND (WHT WIRE).  1lb. OO CONNECT SPRING 45 TO GROUND (RED WIRE).
4. O CONNECT F20 TO V4 (+b) (WHT WIRE). 17. O CONNECT SPRING 46 TO HI4 (RED WIRE).
5. 0O INSERT Rl ACROSS M1l AND L1I. 18. O CONNECT SPRING 48 TO K4 (RED WIRE).
b. O INSERT R2 ACROSS K13 AND GROUND 19. O CONNECT SPRING 50 TO I14 (RED WIRE).
7. O INSERT R3 ACROSS I12 AND GROUND. 20. 00 CONNECT SPRING 12 TO HI2 (RED WIRE).
8. O CONNECT SPRINGS 47 AND @ (WHT WIRE).  21. 00 CONNECT SPRING 14 TO F12 (RED WIRE).
9. O CONNECT SPRINGS 42 AND 51 (WHT WIRE).  22. 00 CONNECT SPRING 16 TO Gl2 (RED WIRE).
10. OO CONNECT SPRING 51 TO V4 (+6V) BLL WRE). 23. 00 CONNECT L20 TO GROUND (WHT WIRE).
11. OO CONNECT SPRINGS 11 AND 13 (WHT WIRE). 24. OO CONNECT K19 TO L19 (WHT WIRE).
12. O CONNECT SPRINGS 13 AND 15 (WHT WIRE). 25. 0 CONNECT J20 TO K20 (WHT WIRE).
13. O CONNECT SPRING 15 TO GROUND (BLU WIRE). 26. 00 CONNECT I19 TO J19 (WHT WIRE).

2.

TEST THE CIRCUIT

CHECK FOR ERRORS. THEN PUSH THE DPDT SWITCH DOWN AND PUSH THE POWER SWITCH ON.
PRESS S2 TO SET THE FLIP-FLOP. LED 2 WILL GLOW. NOW BRIEFLY PRESS CLOCK SWITCH Sl1. LED
1 WILL FLASH, LED 2 WILL SWITCH OFF AND LED 3 WILL SWITCH ON. PRESS S1 AGAIN, AND LED 2
WILL STAY OFF SINCE IT IS STORING THE 0 INPUT SELECTED BY THE DPDT SWITCH. NOW PUSH
L8 THE DPDT SWITCH UP TO SELECT 1. NOW WHAT HAPPENS WHEN YOU PRESS S1? WHY?



4013 DUAL FLIP-FLOP: BUILD AND UNDERSTAND A TOGGLE (T) FLIP-FLOP

A TOGGLE FLIP-FLOP CHANGES STATES WHEN A CLOCK PULSE ARRIVES. YOU WILL BUILD A
TOGGLE FLIP-FLOP AND LEARN WHY A FLIP-FLOP CAN CHANGE STATES MORE THAN ONCE WHEN
TRIGGERED BY A SWITCH. YOU WILL ADD A DEBOUNCE CIRCUIT TO ELIMINATE SWITCH BOUNCE.

[PARTS YOU WILL NEED

19431211 10 9 B

14131211 109 8

onnonnn opooonnn

u

4013 p 4001

gooody

=] oooood
1234567 1 234 567

—A_—

R1, R3-4.7%K (YEL-VIO-RED)
R2-1K (BRN-BLK-RED)

)
Cl-1 UF

[CIRCUIT DIAGRAM

| [2. TEST THE CIRCLIT

V16V +0v oV +eV CHECK FOR ERRORS. THEN
4 I‘” (2 ,Wtfaxz’r 11 PUSH THE DPDT SWITCH DOWN
2 | AND PUSH THE POWER SWITCH
o S ik -| 14 ON. PRESS SI. LED 1 WILL
<2 |98 St %' . 14| S22l .| GLOW, AND LEDS 2 AND 3
3| ccock & MDY WILL GLOW ALTERNATELY
12, EACH TIME YOU PRESS Sl. BUT
s 4013 2 16|  SEP340 | SWITCH BOUNCE MAY CALSE THE
—OATA Q M LEDS TO SWITCH MORE THAN
Fi{ = 7 ONCE PER INPUT PULSE. END
consoLE | THE BOUNCE BY PUSHING THE
LEDs DPDT SWITCH UP. PRESS S2
CROUND. LNLSED TO DELIVER CLEAN PULSES
NPUTS. PING B, 9 FROM THE 4001 “ONE-SHOT
10 AND 1L OF <015 TO THE T-FLIP-FLOP. LED 1
AND 6, 9, 12 AND 15| WILL BRIEFLY FLASH WHEN
L L YOU PRESS S2. DIM THE ROOM

OF 4001).

= LIGHTS TO SEE THE FLASHES.

[1. BULD THE CIRCLIT

O

N X

SFAITESES
OOoO0O0O00O00O0O0O0OO0OO0ODOOOO0

—
&

PUSH THE POWER SWITCH TO OFF.
INSERT THE <001 OVER SLOT 1 (PIN 1 AT F5).
INSERT THE <013 OVER SLOT 3 (PIN 1 AT FIS).
CONNECT L1 TO GROUND (WHT WIRE).
CONNECT F10 TO V4 (+b) (RED WIRE).
CONNECT F1 TO Gl (WHT WIRE).
CONNECT H1 TO J1 (WHT WIRE).
CONNECT GlI TO JiI (WHT WIRE).
CONNECT K12 TO L12 (WHT WIRE).
CONNECT I14 TO K14 (WHT WIRE).
CONNECT F20 TO V4 (+b) (WHT WIRE).
CONNECT L1 TO GROUND (WHT WIRE).
INSERT R1 ACROSS SPRING 43 AND GROUND.
INSERT R2 ACROSS F4 AND F7.

INSERT R3 ACROSS SPRING 4o AND GROUND.
INSERT Cl1 ACROSS I2 (+) AND G2 (-).
CONNECT SPRING 43 TO H4 (RED WIRE).
CONNECT SPRING 49 TO HI3 (BLU WIRE).

19.
20.

CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT

CONNECT
CONNECT

CONNECT
CONNECT
CONNECT

O00000OO0OO0OO0O0OOoDOoOO0ooO0oOooOoaono

CONNECT L9 TO GROUND (WHT WIRE).

SPRINGS 45 AND 4 (WHT WIRE).
SPRINGS 47 AND “@ (WHT WIRE).
SPRING 48 TO K4 (RED WIRE).
SPRING 49 TO V4 (+) (BLU WIRE).
SPRINGS 11 AND 13 (WHT WIRE).
SPRINGS 13 AND 15 (WHT WIRE).
SPRING 15 TO GROUND (BLU WIRE).
SPRING 12 TO HI14 (RED WIRE).
SPRING 14 TO F14 (RED WIRE).
SPRING 16 TO GI4 (RED WIRE).

CONNECT I19 TO J19 (WHT WIRE).

J20 TO K20 (WHT WIRE).
K19 TO L19 (WHT WIRE).

CONNECT L20 TO GROUND (WHT WIRE).

Gl0 TO HI0 (WHT WIRE).

H? TO K9 (WHT WIRE).

K10 TO L10 (WHT WIRE).

69



4013 DUAL FLIP-FLOP: BUILD A TWO-BIT STORAGE REGISTER OR LATCH

ARRAYS OF FLIP-FLOPS STORE TEMPORARY DATA AND INSTRUCTIONS IN COMPUTERS AND SIMPLER
DIGITAL LOGIC SYSTEMS. YOU WILL BUILD A 2-BIT STORAGE REGISTER (OR LATCH). DATA YOU
ENTER AT TWO PUSHBUTTON SWITCHES WILL BE STORED WHEN YOU PRESS A THIRD PUSHBUTTON.
THE DATA WILL BE SAVED UNTIL YOU PRESS THE STORE PUSHBUTTON AGAIN.

[PARTS YOU WILL NEED

noABAAA —jll_—
b 4o13 R1, R2, R3-4.7K (YEL-VIO-RED)

ooooogg
1234567

[CIRCUIT DIAGRAM

tV +bV +6V +bV
N DATA IN | LOAD DATA OUT
*L)% *‘ ug 14 o st | s s3 LED 1 | LED 2
st 2 1 > 1o ot 12 IW\_DIL”' | off | oFf | oFF OFF | OFF
% L2 | ]| o © ©)
4013
R3 < _ OFF | oFF | oN-OFF | OFF | oOFF
1K c Q © [ © [ ©-1-0 ©0) ©0)
R S
m o OFF | ON | cuance | OFF ON
o | w OF ©) w
E
9 2l 14| P2 A 3| | ON | oFF [ STAT ON OFF
e Q a | ) | OCCURS | ) (0)
L/2 WHEN
4013 ON | ON [ 5315 ON ON
% _|05° |11, 3 ADDING MORE W | W |RELEASED| @ )
2] s P51 FLIP-FLOPS
R1 WILL SAVE
47K| 4K 8 |7 |to MORE DATA. LOAD 1S THE CLOCK INPUT.
| 1. BUILD THE CIRCLIT
1. O PUSH THE POWER SWITCH TO OFF. 12. O CONNECT F20 TO V4 (+6V) (WHT WIRE).
2. 0O INSERT THE <013 OVER SLOT 3 (PIN 1 AT FI5). 13. OO CONNECT SPRINGS 47 AND 49 (WHT WIRE).
3. O INSERT RL ACROSS JI12 AND LI2. 14. O CONNECT SPRING 46 TO J14 (RED WIRE).
4. O INSERT R2 ACROSS K20 AND GROUND. 15. O CONNECT SPRING 48 TO K19 RED WIRE).
5. O INSERT R3 ACROSS H12 AND V4 (+6V). le. O CONNECT SPRING 50 TO I20 (RED WIRE).
6. [0 CONNECT L1 TO GROUND (WHT WIRE).  17. [0 CONNECT SPRING @ TO V4 (+V) BLU WIRE).
7. 0O CONNECT K13 TO LI3 (WHT WIRE). 18. O CONNECT SPRING 51 TO GROUND (RED WIRE).
&. O CONNECT Ii4 TO K14 (WHT WIRE). 19. O CONNECT SPRINGS 11 AND 13 (WHT WIRE).
9. O CONNECT HI4 TO I17 (WHT WIRE). 20. 01 CONNECT SPRING 13 TO GROUND (BLU WIRE).
10. O CONNECT J19 TO L19 (WHT WIRE). 21. O CONNECT SPRING 12 TO F11 (RED WIRE).

11. O CONNECT L17 TO GROUND (WHT WIRE).  22. OO CONNECT SPRING 14 TO G20 (RED WIRE).

[2. TEST THE CIRCUIT

CHECK FOR ERRORS. THEN PUSH THE POWER SWITCH ON. ENTER SOME DATA AT S1 AND S2

(PRESS FOR 1 AND DON T PRESS FOR 0). WITH S1 AND/OR S2 STILL PRESSED, PRESS AND

RELEASE S3. THIS LOADS THE DATA INTO THE REGISTER. THE LEDS WILL THEN DISPLAY
70 THE SAVED DATA UNTIL YOU LOAD NEw DATA OR SWITCH THE POWER OFF.



4013 DUAL FLIP-FLOP: BUILD A DIVIDE-BY-TWO CIRCUIT

INCOMING CLOCK PULSES CAUSE THE OUTPUTS OF A FLIP-FLOP TO SWITCH BACK AND FORTH
BETWEEN 0 AND 1. THIS MEANS THAT EACH OUTPUT CHANGES STATES AT HALF THE RATE OF
THE INCOMING PULSES. YOU WILL BUILD A SIMPLE CLOCK AND FLIP-FLOP CIRCUIT THAT NICELY
DEMONSTRATES THIS VERY USEFUL APPLICATION.

[PARTS YOU WILL NEED

RERREAY )
H013
|EpEEERERERE RS Cl“lo UF
1234567
[CIRCUIT DIAGRAM
+bV +6V
T 2 g, CLOCK | LED | LED [ LED
1 2 3
y Mo 109 |14 o o | oFF | ofF | on
1 S m-“D@” QL 14 /vv\.u’;’ 3 1 ON | ON | OFF
8 3y |t qléig 0 OFF | ON OFF
RL 1 512 16| anitl1s 1 ON | OFF | oN
35 | 100K 10,.;[\ Q AN\_D'I_
a7 5{9 LEDS 2 AND 3 CHANGE STATES
EACH TIME A POSITIVE CLOCK
PULSE (1) ARRIVES. GROUND UNUSED
INPUTS (PINS 8, 9, 10 AND 11 OF
L J: L 4013 AND 3, 5, 7 AND 14 OF 40409).
[1. BUILD THE CIRCUIT
1. O PUSH THE POWER SWITCH TO OFF. le. O CONNECT SPRING 15 TO GROUND (BLU WIRE).
2. O INSERT THE “0f) OVER SLOT 1 (PIN 1 AT K5). 17. 0 CONNECT SPRING 12 TO HI2 (RED WIRE).
3. O INSERT THE “0I3 OVER SLOT 3 (PIN 1 AT FI5). 18. O CONNECT SPRING 14 TO F12 (RED WIRE).
4. O INSERT C1 ACROSS 09 (+) AND R9 (-). 19. O CONNECT SPRING 1t TO G2 (RED WIRE).
5. O CONNECT Rl TO GROUND (WHT WIRE).  20. 00 CONNECT SPRING 34 TO Q7 RED WIRE).
b. O CONNECT kI TO V4 (+b) (RED WIRE). 21. O CONNECT SPRING 35 TO R7 (RED WIRE)
7. O CONNECT L1l TO GROUND (WHT WIRE).  22. OO CONNECT M7 TO GROUND (WHT WIRE).
8. O CONNECT F20 TO V4 (+b) (WHT WIRE).  23. 0 CONNECT M1 TO Ol (WHT WIRE).
9. O CONNECT P8 TO Q& (WHT WIRE). 24. O CONNECT 02 TO Q2 (WHT WIRE).
10. O CONNECT 010 TO Hll (WHT WIRE). 25. 0 CONNECT Q1 TO GROUND (WHT WIRE).
1. O CONNECT K12 TO L12 (WHT WIRE). 26. O CONNECT I20 TO LI3 (WHT WIRE).
12. O CONNECT GI4 TO JI14 (WHT WIRE). 27. O CONNECT J20 TO L14 (WHT WIRE).
13. O CONNECT Ii4 TO KI4 (WHT WIRE). 28. 00 CONNECT K20 TO GROUND (WHT WIRE).
14. O CONNECT SPRINGS 11 AND 13 (WHT WIRE). 29. [0 CONNECT L20 TO GROUND (WHT WIRE).
15. O CONNECT SPRINGS 13 AND 15 (WHT WIRE).

2. TEST THE CIRCUIT

CHECK FOR ERRORS. THEN PUSH THE POWER SWITCH ON. ADJUST THE 100k CONSOLE POT (R1)
UNTIL THE LEDS BEGIN FLASHING A FEw TIMES A SECOND. LED 1 WILL FLASH ONCE FOR EACH

CLOCK PULSE FROM THE 4049 OSCILLATOR. LEDS 2 AND 3 WILL FLASH ALTERNATELY. NOTE THAT
LEDS 2 AND 3 FLASH AT HALF THE RATE OF LED 1 (LOOK AT ONE OR THE OTHER LED TO
SEE THIS.) THUS THE CIRCUIT DIVIDES THE INCOMING CLOCK PULSES BY TWO.

;!




4013 DUAL FLIP-FLOP: BUILD A BINARY 2-BIT COUNTER

CONNECT ONE OUTPUT OF A T-TYPE FLIP-FLOP TO THE CLOCK INPUT OF A SECOND FLIP-FLOP
AND YOU HAVE A BINARY COUNTER. YOU WILL MODIFY THE DIVIDE-BY-2 CIRCUIT ON THE FACING
PAGE BY ADDING A SECOND FLIP-FLOP TO FORM A 2-BIT BINARY COUNTER.

[PARTS YOU WILL NEED

THIS IS A MODIFICATION OF THE DIVIDE-BY-2 CIRCUIT ON PAGE 71. NO ADDITIONAL PARTS ARE
REQUIRED.

[CIRCLIT DIAGRAM

+bv + 6V
4 } 12 W‘fl‘;} 11
g Ue 1049 |H J L
ED 2
1
9 Pcio_HDCL‘Z. 3 i L " 13 1ad] oy |ts
-y 5 Uie
+ 4013 4013
Mor1 et ~ 5 D R
100K 10mF gl 3o g M2, e 7115
35 R S R S
' 417 e 10 8

— —
pu -

GROUND UNUSED 4049 INPUTS (PINS 3, 5, 7 AND 14).

1. MODIFY THE DIVIDE-BY-2 CIRCUIT ON PAGE 71

1. O PUSH THE POWER SWITCH TO OFF. 5. 0O CONNECT H17 TO K17 (WHT WIRE).
2. O REMOVE THE 2 RED WIRES BETWEEN b. OO CONNECT GI3 TO I17 (WHT WIRE).
SPRINGS 14 AND 16 AND THE BREADBOARD. 7. O CONNECT SPRING 14 TO G17 (RED WIRE).
8

3. O REMOVE WHT WIRE FROM L13 TO I20. . O CONNECT SPRING 16 TO Fi14 (RED WIRE).
4. O REMOVE WHT WIRE FROM k20 TO GROUND.

2. TEST THE CIRCUIT

CHECK FOR ERRORS. THEN PUSH THE POWER DECIMAL | BINARY | cLOCK | LED | LED | LED
SWITCH ON. ADJUST THE 100k CONSOLE POT (R) | COUNT | COUNT 1| 2 | 3
UNTIL CLOCK LED 1 FLASHES A FEW TIMES A
SECOND. LED 1 WILL FLASH ONCE FOR EACH 0 00 0 | OFF | OFF | OFF
CLOCK PULSE FROM THE 4049 OSCILLATOR. LEDS 2 1 ON
AND 3 WILL NOW BE COUNTING FROM DECIMAL 0 1 o1 5 | o | OFF | oN
TO 3 IN BINARY: 00...0L...10...11...00... THE COUNT
RECYCLES AFTER IT REACHES DECIMAL 3. THE 1 ON
TRUTH TABLE SHOWS THAT THE COUNT ADVANCES 2 10 o | orr| ON | OFF
WHEN THE CLOCK PULSE CHANGES FROM 0 TO L.

THIS MEANS THE COUNTER IS CLOCKED ON THE X I ! ON on | on

RISING EDGE OF THE INCOMING CLOCK PULSES. o | oFf

TO VERIFY THE TRUTH TABLE, SLOW THE CLOCK ) o

RATE (R1) AND WATCH LEDS 2 AND 3. A GLOWING o o0 off | orF
7y LED 1S 1 (HIGH). AN LED WHICH 1S OFF 5 0 (LOW). 0 | off




4013 DUAL FLIP-FLOP: BUILD A 1-OF-49 SEQUENCER (LIGHT CHASER)

LOGIC CIRCUITS KNOWN AS DECODERS CAN BE ADDED TO THE OUTPUT OF A BINARY COUNTER TO
ALTER THE OUTPUT. YOU WILL ADD A NOR GATE DECODER TO CONVERT A 2-BIT BINARY COUNTER

INTO A 1-OF-4 SEQUENCER THAT WILL FLASH 1 OF 4 LEDS IN SEQUENCE.

[PARTS YOU WILL NEED

BINARY 2-BIT COUNTER
CIRCUIT ON PAGE 72 PLUS:

[CIRCUIT DIAGRAM

+&V
A

THIS CIRCUIT MIXES
COMBINATIONAL AND
SEQUENTIAL LOGIC.

GROUND UNUSED 4049
INPUTS (PINS 3, 5, 7
AND 14).

+ 6V + bV

T f 7 Lern./;r "

1 1 o LED 2
ﬂ 1/y4 14 A |13

2 | 4001 AN\_DIT_

5 LED 3
4 16 15

LED Y
1/4 1018 A |17

| 9 | 4001 N\Lb'}

1. MODIFY THE 2-BIT BINARY COUNTER ON PAGE

1.

PP NE U

O PUSH THE POWER SWITCH TO OFF.

2. O REMOVE THE 2 RED WIRES BETWEEN
SPRINGS 14 AND 1o AND THE BREADBOARD.
MOVE WHT WIRE FROM GI13 TO FI3.
INSERT THE 4001 OVER SLOT 5 (PIN 1 AT F25.)
CONNECT F24 TO L27 (WHT WIRE).
CONNECT G249 TO J24 (WHT WIRE).
CONNECT K24 TO H27 (WHT WIRE).
CONNECT G30 TO K30 (WHT WIRE).
CONNECT L21 TO GROUND (WHT WIRE).

O0O0O0O000oO

10. O

CONNECT F27 TO V4 (+6V) (WHT WIRE).

11.
12.
13.
14.
15.
16,
17.
18.
19.
20.

Oo0oO0oO0oooOooOooaon

CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT
CONNECT

H20 TO G2l (WHT WIRE).
120 TO K21 (WHT WIRE).
Gll TO F21 (RED WIRE).

G20 TO k29 (RED WIRE).
SPRING 14 TO H21 (RED WIRE).
SPRING 1l TO I21 (RED WIRE).
SPRING 18 TO J30 (RED WIRE).
SPRING 20 TO I30 (RED WIRE).
SPRINGS 15 AND 17 (WHT WIRE).

SPRINGS 17 AND 19 (WHT WIRE).

2. TEST THE CIRCUIT

CHECK FOR LOOSE WIRES AND ERRORS. THEN PUSH THE POWER SWITCH ON. ADJUST THE 100K

CONSOLE POT (R1) UNTIL CLOCK LED 1 FLASHES A FEw TIME A SECOND. LEDS 2-5 WILL BEGIN
FLASHING ON AND OFF IN SEQUENCE: I...2...3...4...1...2..3..4...1... ANY OTHER PATTERN MEANS

THERE IS A WIRING ERROR OR A MISSING WIRE, PROBABLY IN THE 4001 DECODER SECTION OF

THE CIRCUIT. ADJUST Rl WHILE WATCHING HOW THE LEDS REACT. PRETTY NEAT.
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4013 DUAL FLIP-FLOP: BUILD A 2-STAGE SHIFT REGISTER

A SHIFT REGISTER IS A STRING OF FLIP-FLOPS THAT PASSES THE DATA BIT AT THE FIRST FLIP-
FLOP INPUT TO EACH SUBSEQUENT FLIP-FLOP WHEN A CLOCK PULSE ARRIVES. YOU WILL BUILD A
SIMPLE 2-STAGE SHIFT REGISTER AND WATCH AS IT SHIFTS DATA.

[PARTS YOU WILL NEED

BINARY 2-BIT COUNTER =l
CIRCUIT ON PAGE 72 PLUS: R2-4.7k (YEL-VIO-RED)

[CIRCUIT DIAGRAM

+?V LV +€-,.v
A
LED 1
NORMALLY Iq-; 12 | A ufﬁ 11
THE DATA «'
INPUT PIN  S1 (46 o2 o
5) IS Low DATA 4 Cadl L2
(0). PRESS ey
S1 TO MAKE 16 Zl1s
THE DATA 4 G 5
INPUT HIGH LED 4
Q.) S D Q 1 q D Q 13 19 /\M_M)} § br
Jo 4049 R%K e ¢z
i 4.
N S P % 5| o i, LED 1-CLOCK
: c 1
>0 DC LED 2-DATA
8 34 R s R s
|x T To i 2 LED 3-0UT 1
RL c¢1 T L.J LED 4-0UT 2
35 160K 10uF
GROUND UNUSED 4049 INPUTS (PINS 3, 5, 7 AND 14).
[1. MODIFY THE TWO-BIT BINARY COUNTER ON PAGE 72
1. O PUSH THE POWER SWITCH TO OFF. 9. O CONNECT SPRING 4 TO J12 (RED WIRE).
2. [0 REMOVE THE 2 RED WIRES BETWEEN 10. O CONNECT SPRING 47 TO V4 (+V) BLU WIRE).
SPRINGS 14 AND 1 AND THE BREADBOARD. 11. O CONNECT SPRING 14 TO J13 (RED WIRE).
3. O REMOVE WHT WIRE FROM GI14 TO JI4. 12. O CONNECT SPRING 1o TO F12 (RED WIRE).
4. O REMOVE WHT WIRE FROM GI3 TO II7. 13. 00 CONNECT SPRING 18 TO G20 (RED WIRE).
5. O REMOVE WHT WIRE FROM H17 TO KI7. 14. O CONNECT SPRING 15 TO GROUND (BLU WIRE).
b. [0 INSERT R2 ACROSS JIl AND GROUND. 15. 00 CONNECT SPRINGS 15 AND 17 (WHT WIRE).
7. O CONNECT FI14 TO K17 (WHT WIRE).

8. O CONNECT HI4 TO I17 (WHT WIRE).

2. TEST THE CIRCUIT

CHECK FOR ERRORS. THEN PUSH THE POWER SWITCH ON. ADJUST THE 100k CONSOLE POT (R1)

UNTIL LED 1 FLASHES A FEW TIMES EACH SECOND. ALL OTHER LEDS WILL BE OFF. PRESS S1 TO

APPLY A 1 DATA BIT TO THE INPUT. LED 2 WILL GLOW FOLLOWED BY LEDS 3 AND 4 IN SEQUENCE.
74 RELEASE SI1. LED 2 WILL SWITCH OFF FOLLOWED BY LEDS 3 AND 4 IN SEQUENCE.



4013 DUAL FLIP-FLOP: BUILD A PSEUDO-RANDOM LED FLASHER

MULTI-STAGE SHIFT REGISTERS CAN PRODUCE SEQUENCES OF “RANDOM * NUMBERS IF THE DATA
INPUT IS CONTINUALLY CHANGED. YOU WILL BUILD A SIMPLE 2-STAGE PSEUDO-RANDOM LED
FLASHER. YOU WILL CHANGE THE INPUT DATA BY ADDING PULSES FROM A SECOND CLOCK.

[PARTS YOU WILL NEED |

2-STAGE SHIFT REGISTER ON — )
PAGE 74 PLUS:

C2-0.47 UF
|CRCUIT DIAGRAM |
+ LV + G:k Vv
CLock 12 ,W{’fg.l‘ 1
i 1;:9 404 a oa
DATA 5 | /\N\_Dl’{d 13
I
LED 3
Rz (2 16 %15
1M o‘n ” M
q LED ‘:%
>Ip Q- D Q 15 18 M 17
1/2 1/2
1’% L{qu\ qo13 4013 CONSOLE
d Slc e LEDS
R s R s
+
~ 4 7 Jo 10 |8
35 Joox %,;Ff I—‘—'J GROUND UNUSED
4049 INPUTS
4 PINS 7 AND 19). |

1. MODIFY THE SHIFT REGISTER CIRCUIT ON PAGE 74

O PUSH THE POWER SWITCH TO OFF. b. O INSERT C2 ACROSS L3 (+) AND O3 (-).
O REMOVE WHT WIRE FROM M1 TO OL. 7. O CONNECT M1 TO N1 (WHT WIRE).
O REMOVE WHT WIRE FROM 02 TO Q2. 8. O CONNECT L4 TO J12 (RED WIRE).
9. O
a

O REMOVE R2. . CONNECT SPRING 31 TO M2 (RED WIRE).
O REMOVE WIRES BETWEEN S1 AND BREAD- 10. O CONNECT SPRING 32 TO O1 (RED WIRE).
BOARD

P A

2. TEST THE CIRCUIT

REVIEW YOUR WIRING AND MAKE SURE ALL THE WIRES GO SOMEWHERE. THEN PUSH THE POWER
SWITCH ON. CLOCK LED 1 WILL FLASH AT A RATE CONTROLLED BY THE 100K CONSOLE POT (R1).
DATA LED 2 WILL FLASH AT A RATE CONTROLLED BY THE 1M CONSOLE POT (R2). QUTPUT LEDS 3
AND 4 WILL FLASH ON AND OFF IN A PATTERN DETERMINED BY THE ARRIVAL RATE OF DATA
PULSES. TRY CHANGING THE ADJUSTMENT OF BOTH POTS. THE PATTERN IS NOT REALLY RANDOM
SINCE THERE ARE ONLY TWO STAGES TO THE SHIFT REGISTER. ADDING MORE STAGES CREATES A
PATTERN THAT APPEARS TO THE EYE TO BE RANDOM, SINCE IT TAKES SO LONG TO REPEAT.

A SIMPLE WAY TO INCREASE THE APPARENT RANDOMNESS OF THIS CIRCUIT IS TO REPLACE R2
WITH THE PHOTORESISTOR. NOW THE RATE OF THE DATA PULSES IS CONTROLLED BY CHANGES
IN LIGHT. BLOCK THE PHOTORESISTOR WITH A FINGER TO CHANGE THE DATA RATE. 75
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4017 DECADE COUNTER: MAKE A SWITCH BOUNCE ANALYZER

WHEN A SWITCH IS CLOSED OR OPENED, THE CONTACTS OFTEN FAIL TO CONNECT OR SEPARATE
CLEANLY. THEY MAY CONNECT SEVERAL TIMES IN QUICK SUCCESSION BEFORE FIRM CONTACT OR
COMPLETE SEPARATION OCCURS. THIS IS “SWITCH BOUNCE.  YOU WILL USE A 4017 TO EXPERIMENT
WITH SWITCH BOUNCE AND TO LEARN WHY IT'S BAD FOR LOGIC CIRCUITS.

[PARTS YOU WILL NEED

118 1413 1211 109
(10113

—_—
R1, R2-4.7K (YEL-VIO-RED)

llllllll
12345678

[CIRCLIT DIAGRAM

| 2. TEST THE CIRCUIT

+ bV +6V

SN SAVE TIME BY SAVING THIS
e 4q Q15 CRCUIT. YOU WILL USE IT
FOR SEVERAL PROJECTS.

_IS]. ~1 32 "

T4 148 14 7q
LS | RESET Hot
i3
)

{t 2 3 4 & b 7 8 9 10
1o |1 [5 [ (9 |11

12 |14 [le |1s |20 (22 (24 |26 |28 |30
e 3355358358
NN AN AN NN
11 (L3 |15 |17 |19 (21 |23 |25 |27 |29
LED LEp LED LED LED LED LED CLED LED LED

S e, L

- - = i ya 2 4 s b 7 8 Q 10

CHECK FOR ERRORS. PUSH
THE POWER SWITCH ON
AND PRESS s2. LED 1
WILL GLOW. NOW PRESS
AND RELEASE S1 TO APPLY
A “SINGLE “ PULSE TO THE
4017. IDEALLY, LED 2 WILL
GLOW. BUT THE COUNT
MAY ADVANCE SEVERAL
LEDS BEYOND BECAUSE
OF UNWANTED PULSES
FROM SWITCH BOUNCE.
EXPERIMENT TO SEE IF
RELEASING S1 CAUSES
MORE BOUNCES THAN
PRESSING SI. AT ANY
TIME YOU CAN PRESS S2
TO RESET THE COUNT.

[1. BUILD THE CIRCUIT

1. OPUSH THE POWER SWITCH TO OFF. le. OOCONNECT SPRING 28 TO M30 (BLU WIRE).
2. OINSERT THE 4017 IC ACROSS SLOT 5 (PIN 17. OOCONNECT SPRING 30 TO K30 (BLU WIRE).

1 AT F25). 18. OO CONNECT SPRINGS 11 AND 13 (WHT WIRE).
3. [OJINSERT R1 ACROSS H27 AND M23. 19. O CONNECT SPRINGS 13 AND 15 (WHT WIRE).
4. OINSERT R2 ACROSS G27 AND M22. 20. OO CONNECT SPRINGS 15 AND 17 (WHT WIRE).
5. CICONNECT M2l TO GROUND (WHT WIRE). 21. O CONNECT SPRINGS 17 AND 13 (WHT WIRE).
b. CICONNECT F27 TO VA (+V) WHT WIRE). 22. OO CONNECT SPRINGS 19 AND 21 (WHT WIRE).
7. OICONNECT M24 TO I27 WHT WIRE). 23. CJCONNECT SPRINGS 21 AND 23 (WHT WIRE).
8. COCONNECT SPRING 12 TO H2l (RED WIRE). 24. OJCONNECT SPRINGS 23 AND 25 (WHT WIRE).
9. OOCONNECT SPRING 14 TO G2l (RED WIRE). 25. CJCONNECT SPRINGS 25 AND 27 (WHT WIRE).
10. COJCONNECT SPRING 16 TO I2l (RED WIRE). 26. JCONNECT SPRINGS 27 AND 29 (WHT WIRE).
11. CJCONNECT SPRING 18 TO L21 (RED WIRE). 27. OO CONNECT SPRING 29 TO GROUND (BLU WIRE).

12. OO CONNECT SPRING 20 TO L30 (RED WIRE). 28. [ CONNECT
13. O CONNECT SPRING 22 TO F21 (RED WIRE). 29. OO CONNECT
14. O CONNECT SPRING 24 TO J21 (RED WIRE). 30. 0 CONNECT

15. O CONNECT SPRING 26 TO K2l (BLU WIRE). 31. CJCONNECT

SPRINGS 47 AND 49 (WHT WIRE).
SPRING 47 TO V4 (+V) BLU WIRE).
SPRING 46 TO H23 (RED WIRE).
SPRING 48 TO G2& (RED WIRE).



4017 DECADE COUNTER: MAKE A TOTALIZER

THIS CIRCUIT FEATURES A SWITCH DEROUNCER THAT PROVIDES CLEAN, NOISE-FREE PULSES. YOu
WILL ADD THE DEBOUNCER CIRCUIT TO THE 4017 BOUNCE ANALYZER TO MAKE A TOTALIZER THAT
INCREMENTS (ADDS 1 TO THE CURRENT COUNT) EACH TIME A PUSHBUTTON IS PRESSED.

[PARTS YOU WILL NEED

THIS CIRCUIT REQUIRES THE 4017 HERAHRAA = )
SWITCH BOUNCE ANALYZER ON  p “oot RI-IK (BRN-BLK-RED)
PAGE 7 PLUS THESE PARTS: OUTTTIT R2, R3-4.7K (YEL-VIO-RED) C1-1 Uk
[CIRCLIT DIAGRAM
+V 4LV thV +oV +ev
I‘i? R1 IHQ
-‘ <7 1k —‘q S2 16
a0 ] g —Lt4 18 15 MReser
1 14
4 w 4017
! 13

1 2 3 4 5 & 7 8 9 to
L uF 3 2 14 7 10 |1 5 b 9 11
12 |14 (16 |18 20 (22 |24 |16 |28 |30

3‘5’%“ 52 Ez 32 EZ 51 52

§ q4IK GROUND NN RN N NN
UNUSED
5 7 23 27
001 INPUTS 11 13 (15 [17 [19 2t 2 29

1, 2 LED LED LED LED (ED LED LED LED LEp LED
BINS 1, 2, T 2 3 4 5 4 71 8 9 1o

= — 5 AND &). — gy

|1. MODIFY THE SWITCH BOUNCE ANALYZER CIRCUIT ON PAGE 76

1. OPUSH THE POWER SWITCH TO OFF. 9. OCONNECT J19 TO H27 (RED WIRE).

2. OOREMOVE Rl FROM THE 4017 SWITCH BOUNCE 10. O INSERT R1 ACROSS F17 AND K17.
ANALYZER CIRCUIT. 11. O INSERT R3 FROM SPRING 4 TO GROUND.

3. O INSERT THE 4001 IC ACROSS SLOT 3 (PIN 12. [JINSERT C1 ACROSS I18 (+) AND K18 (-).
1 AT FI5). 13. COCONNECT F1 TO LI4 (WHT WIRE).

4. O MOVE RED WIRE AT H28 TO GI17. 14. CICONNECT Gl TO LI3 (WHT WIRE).

5. OCONNECT LI TO GROUND (WHT WIRE). 15. OOCONNECT JI TO GROUND (WHT WIRE).

b. COCONNECT F20 TO V4 (+bVv) (WHT WIRE). 1b. COJCONNECT Kl TO GROUND (WHT WIRE).

7. OCONNECT H20 TO J20 (WHT WIRE).

8. CJCONNECT k20 TO L20 (WHT WIRE).

[2. TEST THE CIRCLIT

CHECK YOUR WIRING FOR ERRORS. THEN PUSH THE POWER SWITCH ON. PRESS AND RELEASE s2.
ONLY LED 1 WILL GLOW. PRESS AND RELEASE S1, AND ONLY LED 2 WILL GLOW. THE LEDS WILL
CONTINLE TO GLOW IN SEQUENCE EACH TIME YOU PRESS S1. NOTE THAT THE COUNT IS ALWAYS
INCREMENTED BY 1. SINCE S1 IS DEBOUNCED, THERE ARE NO NOISE SPIKES TO CAUSE FALSE
TRIGGERING OF THE COUNT. AT ANY TIME YOU CAN RESET THE COUNT BACK TO 1 BY PRESSING
S2. THIS CAPABILITY GIVES RISE TO SOME NEAT APPLICATIONS WE LL LOOK AT SOON. 7



|4017 DECADE COUNTER: BUILD A COUNT-TO-N-AND-HALT COUNTER

THE 4017 CLOCK-ENABLE (CE) INPUT (PIN 13) HAS MANY USES. YOU WILL CONVERT THE TOTALZER
CIRCUIT ON PAGE 77 INTO A COUNT-TO-2-AND-HALT COUNTER BY CONNECTING THE 4017 CE PIN
TO OUTPUT PIN 2. YOU WILL THEN PROGRAM THE CIRCUIT FOR OTHER COUNTS (3 TO 10) BY

CONNECTING THE CE PIN TO THE APPROPRIATE 4017 OUTPUT PIN.

[PARTS YOU WILL NEED

THIS CIRCUIT IS A MODIFED VERSION OF THE 4017 TOTALIZER CIRCUIT ON PAGE 77.

NO ADDITIONAL PARTS ARE REQUIRED.

[CIRCUIT DIAGRAM

toV thV +bV +oV +6v

4qo17

CLOCK ENABLE

3 2 4 7 io

12 114 |1 |18 |20

—_—| — | —— [ — | —=

6 |9 11
-
26 |28 [30

> \\§F\‘ NS RN

AN

jﬁ\\ N 5&2‘

11 |13 |15 |17 |14

1 |23

25 (27 |29

1 z 3

S

T LED LED LED LED LED LED LED LED LED LED
| 5 G 7 8 q

10

1. MODIFY THE TOTALIZER CIRCUIT ON PAGE 77

1. OPUSH THE POWER SWITCH TO OFF.

THE OPPOSITE END OF THE PROGRAMMING

2. COREMOVE WHT WIRE BETWEEN M24 AND I27. WIRE TO SPRING 14 TO PROVIDE COUNT-TO-
3. [CJINSERT A PROGRAMMING WIRE AT I27 2-AND-HALT OPERATION.

(BLU WIRE). FOR INITIAL TESTS, CONNECT

2. TEST THE CIRCUIT CE AT: | MAX COUNT
CHECK FOR ERRORS. PUSH THE POWER SWITCH ON. PRESS AND RE- SPRING 1 2
LEASE s2. LED 1 WILL GLOW. PRESS SI1, AND LED 2 WILL GLOW. SPRING 16 3
PRESS SI AGAIN, AND LED 2 WILL CONTINUE TO GLOW SINCE THE G 1B )
OUTPUT THAT DRIVES LED 2 (PIN 2) IS NOW FORCING THE CE PIN
HIGH. THIS DISABLES THE COUNTER AND IT NO LONGER RESPONDS SPRING 20 5
WHEN YOU PRESS S1. PRESS S2 TO RESET THE COUNT TO LED 1. SPRING 22 L
NOW MOVE THE BLUE PROGRAMMING WIRE FROM SPRING 14 TO SPRING [ SPRING 24 7
lb. PRESS S2 TO RESET THE CIRCUIT AND BEGIN PRESSING S1. WHEN SPRING 26 8
LED 3 GLOWS, THE COUNT CANNOT BE ADVANCED. REPEAT THIS

PROCEDURE FOR VARIOUS OTHER COUNTS. SPRING 28 9

SPRING 30 10




4017 DECADE COUNTER: BUILD A PROGRAMMABLE DIVIDE-BY-N COUNTER

THE 4017 RESET INPUT (PIN 15) PERMITS MANY POWERFUL APPLICATIONS. YOU WILL CONVERT THE

COUNT-TO-N-AND-HALT CIRCUIT ON THE PRECEDING PAGE INTO A DIVIDE-BY-2 COUNTER BY
CONNECTING THE RESET INPUT TO OUTPUT PIN 4. YOU WILL THEN PROGRAM THE CIRCUIT TO
DIVIDE BY 3 TO 9 BY CONNECTING THE RESET PIN TO THE APPROPRIATE OUTPUTS.

[PARTS YOU WILL NEED

THIS CIRCUIT IS A MODIFED VERSION OF THE 4017 COUNT-TO-N-AND-HALT CIRCUIT ON PAGE 78.

NO ADDITIONAL PARTS ARE REQUIRED.

CIRCUIT DIAGRAM

U Ly 6V "
8 16
13
14 | in 4017
15 DWIDE -BY— n (+w) OUTPLTS
172 *3 R4 £5 2 +7 +8 9
32 @ [ Ji0 ]t [s Je |9 [i2
oinboas|—| || — | — | —|—|—
ouTPYT s 14 |16 |18 |20 |22 |24 |26 |28 |20

13333

NN N e

i3

W

11 {13 |15 |17 (19

2L |23

5 |27 (29

(3

_L LED LED LED LED LED LED LED LED LED LED
4 1 2 3 4 5 7 & 49

10

1. MODIFY THE COUNT-TO-N-AND-HALT CIRCUIT ON PAGE 78

1. CIPUSH THE POWER SWITCH TO OFF. 4. CICONNECT M24 AND I27 (WHT WIRE).
2. CIREMOVE R2 AND THE PROGRAMMING WIRE 5. CIINSERT A PROGRAMMING WIRE AT G27
FROM THE “0I7 COUNT-TO-N-AND-HALT CRCUIT. (BLU WIRE). FOR INITAL TESTS, CONNECT
3. CIDISCONNECT S2 FROM THE 4017 COLNT- THE OPPOSITE END OF THE PROGRAMMING
TO-N-AND-HALT CIRCLIT. WIRE TO SPRING 16 (DIVIDE-BY-2).
2. TEST THE CRRCLIT RESET AT: |DIVIDES-BY
CHECK FOR ERRORS. PUSH THE POWER SWITCH ON. PRESS SI UNTIL SPRING 1 2
LED 1 GLOWS. PRESS SI AGAIN, AND LED 2 WILL GLOW. PRESS Sl SPRING 18 3
AGAIN, AND LED 1 WILL GLOW. LED 2 GLOWS ONCE FOR EVERY TWO | <remc 20 y
SWITCH CLOSURES. THUS THE CIRCUIT IS A DIVIDE-BY=2 COUNTER.
SPRING 22 5
NOW MOVE THE BLUE PROGRAMMING WIRE FROM SPRING 16 TO SPRING | spanG 24 .
18. LED 3 WILL GLOW FOR EVERY THREE CLOSURES OF S1. THUS THE
CRCUIT IS NOW A DIVIDE-BY-3 COUNTER. REPEAT THIS PROCEDURE FOR | SPRING 2 ?
EACH OF THE REMAINING OUTPUTS (SEE THE TRUTH TABLE OR THE SPRING 28 8
CRCUIT DIAGRAM). Fro— )

7



4017 DECADE COUNTER: BUILD A BARGRAPH READOUT

SOME VERY CREATIVE APPLICATIONS ARE MADE POSSIBLE BY CONNECTING PULSE GENERATORS TO
THE CLOCK AND RESET INPUTS OF THE 4017. YOU WILL USE THIS APPROACH TO CONVERT THE
4017 SWITCH BOUNCE ANALYZER ON PAGE 76 INTO A HIGHLY VERSATILE ANALOG-TO-DIGITAL
BARGRAPH READOUT CIRCUIT WITH APPLICATIONS LIMITED ONLY BY YOUR IMAGINATION.

[PARTS YOU WILL NEED |
THIS CIRCUIT REQUIRES THE BASIC 4017 SWITCH BOUNCE
ANALYZER ON PAGE 76 CIRCUIT PLUS THESE PARTS: Loooooo Cl, C2-0.01 UF (103)

[CIRCUIT DIAGRAM |
+6V Tev

1/ 4049
1hy / N 16
5 4 3 {>02 _ 15 [RE<ET
‘L 14 v/ TOUCH SPRINGS 32-33 WITH A

3BJey CL et - FINGERTIP AND THE BARGRAPH
231M .01MF’;‘ 3 WILL INSTANTLY RESPOND. A

AV,

doL7 MOIST FINGER IS EVEN BETTER.

3 (2 |4 |7 [fto |t |5 |6 (9 |11
14 18 |20 |22 |24 |26 |28 |30

1 1
ibom'u\ll‘>°1?—' 2 b
8
34 |RZ
100k Q2 A A
S .01 )ul:r NENEESEASEASENSEANEAEASEN

11 [13 |15 |17 [19 |21 |23 [25 |27 (29
LED LED LED LED (ED LED LED LED LED LED
l 1 2 3 q 5

{1;"&7 4049

b 7 8 9 10

GROUND UNUSED 4049
= INPUTS (PINS 7 AND 14). =

[1. MODIFY THE SWITCH BOUNCE ANALYZER ON PAGE 7

1. OPUSH THE POWER SWITCH TO OFF. 8. [ INSTALL C2 ACROSS O8 AND RS8.
2. [JASSEMBLE THE SWTCH BOUNCE ANALYZER 9. CICONNECT P10 TO Q10 (WHT WIRE).
WITHOUT USING RI, R2, SI AND S2. 10. OCONNECT 010 TO H27 (BLU WIRE).
3. 0O INSERT THE 4049 IC ACROSS SLOT 1 (PIN 11. CICONNECT L1 TO G30 (BLU WIRE).
1 AT K5). 12. OCONNECT SPRING 32 TO 02 (RED WIRE).
4. COCONNECT BREADBOARD HOLE Rl TO 13. CJCONNECT SPRING 33 TO M2 (RED WIRE).
GROUND (WHT WIRE). 14. O CONNECT SPRING 34 TO Q7 (RED WIRE).
5. COCONNECT K1 TO V4 (+6V) (RED WIRE). 15. CICONNECT SPRING 35 TO R7 (RED WIRE).
b. CICONNECT ML TO NI (WHT WIRE). 1. OCONNECT Q4 TO GROUND (WHT WIRE).
7. O INSERT Cl1 ACROSS L4 AND OH. 17. CICONNECT M7 TO GROUND (WHT WIRE).

[2. TEST THE CIRCLIT |

CHECK YOUR WIRING FOR ERRORS. SET THE IM (R1) AND 100K (R2) CONSOLE POTS TO THEIR MID-

POINTS AND PUSH THE POWER SWITCH ON. SLOWLY ADJUST THE 100K POT UNTIL ALL TEN LEDS

GLOW. NOW ROTATE THE IM POT KNOB TO THE LEFT. THE LEDS WILL SWTCH OFF IN SEQUENCE

UNTIL ONLY LED 1 GLOWS. EXPERIMENT WITH DIFFERENT SETTINGS OF Rl AND R2. THE CIRCUIT

IS A TYPE OF ANALOG-TO-DIGITAL CONVERTER SINCE A VARIABLE RESISTANCE IS CONVERTED

INTO A DIGITAL FORMAT ON THE LED BRARGRAPH. YOU CAN MAKE A SIMPLE BARGRAPH LIGHT
80 METER BY SUBSTITUTING THE PHOTORESISTOR FOR R1. TRY IT. VERY NEAT APPLICATION.




4017 DECADE COUNTER: HOW TO ENHANCE THE BARGRAPH READOUT

YOU WILL ADD SOME “BELLS AND WHISTLES * TO ENHANCE THE BASIC BARGRAPH CIRCUIT ON PAGE
80. A THIRD PULSE GENERATOR WILL FLASH THE BARGRAPH AND THE SPEAKER WILL EMIT A TONE
TO ALERT YOU WHEN THE BARGRAPH READING REACHES LED 10.

[PARTS YOU WILL NEED |

PYS—— e
THIS CIRCUIT REQUIRES THE 4017 BARGRAPH READOUT ON PAGE 80 PLUS: C3-10 UF ,—_ )

[CIRCLIT DIAGRAM |

+bV +bV
1 ,,L/ta 4o4 9\ Tua
2 15 MResET
14 o ovis THE BLINKER CIRCUIT
33 a4 i cou @)z FLASHES THE ENTIRE
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3 [z |4 |7 [0 [1 |5 Je [a [
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SprR 68 L2 Ti b1
THE SPEAKER EMITS A
1OK c3 PULSATING BUZZ OR 81 1K
10»* TONE WHEN ALL THE
LEDS ARE GLOWING.
69 63 5q
APH
-:- Béﬁlﬁ\iER ) = (TOME. AT MAX SIGNAL =
[1. MODIFY THE RARGRAPH CIRCUIT ON PAGE 80 |

1

1. OPUSH THE POWER SWITCH TO OFF. 8. COCONNECT SPRING 38 TO Ql (RED WIRE).
2. OREMOVE WHT WIRE BETWEEN M24 AND I27. 9. O INSERT C3 ACROSS L7 (+) AND Q4 (-).

3. OREMOVE WHT WIRE FROM Q4 TO GROUND. 10. COCONNECT SPRINGS 62 AND 68 (RED WIRE).
4. OREMOVE WHT WIRE FROM M7 TO GROUND. 11. CJCONNECT SPRINGS 63 AND 69 (RED WIRE).
5. O CONNECT P4 AND MI0 (WHT WIRE). 12. CJCONNECT SPRING 57 TO GROUND (RED WIRE).
b. COCONNECT L10 AND I30 (BLU WIRE). 13. OOCONNECT SPRINGS 30 AND &1 (RED WIRE).
7. OOCONNECT SPRING 37 TO P1 (RED WIRE).

2. TEST THE CIRCUIT

CHECK YOUR WIRING FOR ERRORS. PUSH THE POWER SWITCH ON AND ADJUST THE IM CONSOLE
POT (R1) UNTIL SOME LEDS ARE GLOWING. THEN ADJUST THE 10Kk CONSOLE POT UNTIL THE LEDS
FLASH AT THE RATE YOU PREFER. NOW ADJUST Rl UNTIL ALL 10 LEDS GLOW. THE SPEAKER IS
CONNECTED TO LED 10, AND IT WILL EMIT A PULSATING BUZZ OR TONE. THE TONE WILL STOP
WHEN LED 10 IS OFF. R3 CONTROLS THE BARGRAPH FLASH RATE AND THE PULSING TONE. YOU
CAN ADD THE DPDT SWITCH TO SWITCH BETWEEN BLINKING AND NON-BLINKING OPERATION.

MOVE THE BLUE WIRE AT L10 TO SPRING 44. CONNECT L10 AND SPRING 43 (RED WIRE). al




4017 DECADE COUNTER: BUILD A RANDOM NUMBER GENERATOR

RANDOM NUMBER GENERATORS ARE USED IN COMPUTER GAMES AND IN MANY SCIENTIFIC AND
MATHEMATICS APPLICATIONS. YOU WILL BUILD AND EXPERIMENT WITH A SIMPLE RANDOM NUMBER
GENERATOR. YOU WILL THEN MODIFY THE CIRCUIT TO IMPROVE ITS PERFORMANCE.

[PARTS YOU WILL NEED |

b 153415121110 9 o __ T N - ==
SEHBARRA LS i iit 09 —M_— — j)::'
[ [ —_— +

o9 R2-4.7K (YEL-VIO-RED)
£2345678 R3-1K (RRN-BLK-RED) C1-0.01 UF (103) C2-470 UF
[CRCUIT DIAGRAM |
\ I GROUND UNUSED 4049 INPUTS
o1 _I e (PINS 7, 9, 11 AND 14).
gl 4043 "
5 [\i>c‘i L3 &C"" ?q-’ 4 coonT
e 3 13 | CounT ENABLE
RL L T > 4017
o LM 01 A
" CLock b 10 |2 ) 1 3 (11 |4 |7 |s
R2 § 12, [14 [Le {18 |20 |22 |24 |26 |28 |30
YK

I BN BN N RS AN ASE AN ANE A
11 (13 |15 |17 [19 |2t [23 [25 [27 [29

3 183333338

c2 LED (ED LED LED LED LED (ED LED LED LED
470 MuF 1+ 2 3 4 5 6 7 8 9 10

- — b

S

|ABOUT THE CIRCUIT |

A FAST SERIES OF CLOCK PULSES IS GENERATED BY A PAIR OF 4049 INVERTERS AND SENT TO
A 4017 COUNTER-DECODER. NORMALLY THE COUNT ENABLE INPUT IS PULLED LOW BY R2. WHEN Sl
IS PRESSED, C2 QUICKLY CHARGES TO THE SUPPLY VOLTAGE THROUGH R3. PRESSING S1 ALSO
PULLS THE COUNT ENABLE INPUT HIGH, WHICH STOPS THE COUNT. ONLY THE LED GLOWING AT
THAT MOMENT STAYS ON. AFTER A SECOND OR SO, C2 DISCHARGES THROUGH R2 AND R3, AND
ALL THE LEDS GLOW AGAIN. THE CLOCK PULSES OCCUR TOO FAST TO GUESS HOW MANY HAVE
OCCURRED. THEREFORE THE LED THAT GLOWS WHEN S1 IS PRESSED IS RANDOMLY SELECTED.

|1. BUILD THE CLOCK AND CONTROL CIRCUITS FIRST |

1. OPUSH THE POWER SWITCH TO OFF. 9. DOINSERT R3 ACROSS Ale AND Dlb.
2. O INSERT THE 4049 IC ACROSS SLOT 1 (PIN 10. OJINSERT C2 ACROSS DI7 (+) AND FI7 (-).
1 AT K5). 11. CJCONNECT F20 TO GROUND (RED WIRE).
3. COCONNECT Rl TO GROUND (WHT WIRE). 12. OJCONNECT SPRING 4 TO V4 (+V) BLU WIRE).
4. COCONNECT KI TO V4 (+6V) (RED WIRE). 13. OOJCONNECT SPRING 47 TO A20 (BLU WIRE).
5. OOCONNECT ML TO NI (WHT WIRE). 14. COCONNECT Q1 TO GROUND (WHT WIRE).
b. COCONNECT SPRING 31 TO M2 (RED WIRE). 15. OCONNECT MI0 TO GROUND (WHT WIRE).
7. OCONNECT SPRING 32 TO 02 (RED WIRE). 16. COCONNECT P10 TO GROUND (WHT WIRE).
8. OJINSERT Cl ACROSS L4 AND OA. 17. OOCONNECT R10 TO GROUND (WHT WIRE).



[2. NOW BUILD THE COUNTER CIRCLIT

1. O INSERT THE 4017 IC ACROSS SLOT 5 (PIN

1 AT F25). 15. O CONNECT SPRING 26 TO I21 (BLU WIRE).
2. DOJINSERT R2 ACROSS M24 AND I27. le. OOJCONNECT SPRING 28 TO L21 (BLU WIRE).
3. OOCONNECT G30 TO GROUND (RED WIRE). 17. O CONNECT SPRING 30 TO J2i (BLU WIRE).
4. CICONNECT Al19 TO I3 (RED WIRE). 18. OO CONNECT SPRINGS 11 AND 13 (WHT WIRE).
5. CJCONNECT M2l TO GROUND (WHT WIRE). 19. O CONNECT SPRINGS 13 AND 15 (WHT WIRE).
b. OOCONNECT F27 TO V4 (+6V) (WHT WIRE). 20. CJCONNECT SPRINGS 15 AND 17 (WHT WIRE).
7. OCONNECT H30 TO L3 (BLU WIRE). 21. OO CONNECT SPRINGS 17 AND 19 (WHT WIRE).
8. CJCONNECT SPRING 12 TO K2l (RED WIRE). 22. JCONNECT SPRINGS 19 AND 21 (WHT WIRE).
9. OCONNECT SPRING 14 TO L30 (BLU WIRE). 23. OJCONNECT SPRINGS 21 AND 23 (WHT WIRE).
10. CJCONNECT SPRING 1 TO G2l (RED WIRE). 24. JCONNECT SPRINGS 23 AND 25 (WHT WIRE).
11. O CONNECT SPRING 18 TO M30 (RED WIRE). 25. O0JCONNECT SPRINGS 25 AND 27 (WHT WIRE).
12. CJCONNECT SPRING 20 TO F21 (RED WIRE). 26. JCONNECT SPRINGS 27 AND 29 (WHT WIRE).
13. O CONNECT SPRING 22 TO H21 (RED WIRE). 27. OO CONNECT SPRING 29 TO GROUND (RLU WIRE).

14.

0 CONNECT

SPRING 24 TO K30 (RED WIRE).

3. TEST THE CIRCUIT

CAREFULLY CHECK YOUR WIRING. NOTE THAT THE CONNECTIONS FROM THE 4017 OUTPUTS TO
THE LEDS ARE “SCRAMBLED “ (OUT OF ORDER) TO ENHANCE THE APPARENT RANDOMNESS OF
THE CIRCUIT. PUSH THE POWER SWITCH ON. THEN ADJUST THE IM CONSOLE POTENTIOMETER (R1)
UNTIL THE ROW OF 10 LEDS IS FLICKERING VERY RAPIDLY. PRESS S1, AND ONLY ONE LED WILL
GLOW. IT WILL CONTINUE TO GLOW FOR A SECOND OR SO AFTER YOU RELEASE SI1. WHEN C2
IS DISCHARGED, THE ROW OF LEDS WILL RESUME FLICKERING.

|[EXPERIMENTING WITH THE CIRCUIT

THE CIRCUIT MIGHT SEEM MORE RANDOM WHEN THE CLOCK IS ADJUSTED FOR THE FASTEST
POSSIBLE FREQUENCY. BUT YOU MIGHT PREFER A SLOWER CLOCK SPEED THAT CAUSES A
FLICKERING DISPLAY. IF YOU GENERATE A STRING OF 50 OR MORE NUMBERS, YOU MAY FIND
THAT SOME NUMBERS OCCUR MUCH MORE FREQUENTLY THAN OTHERS. IF SO, THE CIRCUIT IS
NOT TRULY RANDOM. YOU MAY BE ABLE TO IMPROVE THE CIRCUIT 'S RANDOMNESS BY MODIFYING

THE CIRCUIT.

IMODIFYING THE CIRCUIT

C2 KEEPS THE “RANDOM * LED GLOWING FOR A SECOND OR SO WHEN YOU TAKE YOUR FINGER
OFF S1. THE CIRCUIT MAY PROVIDE BETTER RANDOMNESS IF YOU REMOVE C2 AND R3. THEN
WHEN YOU PRESS S1, THE COUNTER WILL IMMEDIATELY STOP COUNTING.

AN EVEN BETTER SOLUTION IS TO CONNECT PUSHBUTTON S2 BETWEEN THE CLOCK AND THE
COUNTER ALONG WITH A PULL DOWN RESISTOR TO KEEP THE COUNT FROM BEING TRIGGERED
BY ELECTRICAL NOISE BETWEEN CLOCK PULSES. PUSH THE POWER SWITCH OFF AND DO THIS:

1. OREMOVE THE BLUE WIRE ACROSS L3 AND H30. 3. COCONNECT SPRING 48 TO L3 (BLU WIRE).
2. OINSERT A 4.7ZK RESISTOR (YEL-VIO-RED) 4. OOCONNECT SPRING 42 TO H30 (BLL WIRE).
ACROSS H27 AND M23.

PUSH THE POWER SWITCH ON AND ONLY ONE LED WILL GLOW. PRESS AND RELEASE sS2 TO
GENERATE A RANDOM NUMBER. THE SELECTED LED WILL GLOW UNTIL YOU PRESS S2 AGAIN.
IS THE CIRCUIT TRULY RANDOM? GENERATE 50 NUMBERS TO SEE IF SOME OCCUR MORE

OR LESS FREQUENTLY THAN OTHERS. 83



4017 DECADE COUNTER: BUILD A DIGITAL-TO-ANALOG CONVERTER

AT SOME POINT, MOST DIGITAL CIRCUITS HAVE TO DEAL WITH AN ANALOG WORLD. YOU WILL
BUILD A BASIC 4017 COUNTER CIRCUIT AND ADD RESISTORS TO EACH OUTPUT TO PRODUCE A
PROGRAMMABLE SEQUENCE OF STEPPED SIGNALS.

[PARTS YOU WILL NEED

Leisisesiio g 11§ 113 111 10 q . . R2-4.7K (YEL-VI0-RED) = —————gﬁ
=l +
R4-2.2K (RED-RED-RED) -
UUTOTTL RS-RI4-SEE TEXT C1-0.47 UF
[CIRCLIT DIAGRAM
+bV + by + Gy
i | 51 4k
R 75 AAA
‘1\ ;1/6 4049 3y i v %
= >O‘f i Doz 191 coun CoUNT ENABLE
2
31 + 4017
R1 ¢i T is
2,9 1M O4TAF a

$332%2% 23

14 (16 (18 |20 (22 {24 (26 |28 |30

RS |R6 [R7 |R® [RA [RID|RL1|R12|RIZ|R1Y
NN I NS NN
1L |13 |15 |17 |19 (21 |23 |25 |27 |29
LED LED LED LED LED LEDP LED L(ED LED LED
i 2 3 4 S b 7 8 9 10
R5-R14:
SEE Ténr /‘(\ . GROUND UNUSED 4049 INPUTS
s (PINS 7, 9, 11 AND 14).
n b RY R3
L ' 70-1mA % 2.2k 10K NOTE: SAVE THIS CIRCUIT FOR USE 4

WITH THE CIRCUIT ON PAGE 8. -

. BUILD THE CLOCK CIRCUIT FIRST (OR MODIFY ONE OF THE PREVIOUS 4017 CIRCUITS) |

Li

O PUSH THE POWER SWITCH TO OFF.
O INSERT THE 4049 IC ACROSS SLOT 1 (PIN &. CICONNECT SPRING 32 TO 02 (RED WIRE).

7. OOCONNECT SPRING 31 TO M2 (RED WIRE).

1 AT K5). 9. OOCONNECT Ql TO GROUND (WHT WIRE).
COCONNECT Rl TO GROUND (WHT WIRE). 10. CJCONNECT M10 TO GROUND (WHT WIRE).
COCONNECT K1 TO V4 (+6V) (RED WIRE). 11. OCONNECT P10 TO GROUND (WHT WIRE).

5. OOCONNECT ML TO NI (WHT WIRE).
84 b. O INSERT C1 ACROSS L4 (+) AND O4 ().

12. COCONNECT R10 TO GROUND (WHT WIRE).




[2. NOW BUILD THE COUNTER CIRCUIT AND METER INTERFACE

1. OINSERT THE 4017 IC ACROSS SLOT 5 (PIN 1le. CJCONNECT SPRING 28 TO M30 (BLU WIRE).

1 AT F25). 17. O CONNECT SPRING 30 TO K30 (BLU WIRE).
2. [OJINSERT R2 ACROSS M24 AND I27. 18. OO CONNECT SPRINGS 11 AND 13 (WHT WIRE).
3. OINSERT R4 ACROSS SPRINGS 38 AND <. 19. O CONNECT SPRINGS 13 AND 15 (WHT WIRE).
4. CJCONNECT M2l TO GROUND (WHT WIRE). 20. OO CONNECT SPRINGS 15 AND 17 (WHT WIRE).
5. OCONNECT F27 TO V4 (#V) (WHT WIRE). 21. OO CONNECT SPRINGS 17 AND 19 (WHT WIRE).
b. CICONNECT M22 TO G27 WHT WIRE). 22. O CONNECT SPRINGS 19 AND 21 (WHT WIRE).
7. OCONNECT L3 TO H30 (BLU WIRE). 23. OO CONNECT SPRINGS 21 AND 23 (WHT WIRE).
8. CJCONNECT SPRING 12 TO H2l (RED WIRE). 24. OOJCONNECT SPRINGS 23 AND 25 (WHT WIRE).
9. OCONNECT SPRING 14 TO G21 (RED WIRE). 25. OOCONNECT SPRINGS 25 AND 27 (WHT WIRE).

—
o

. OCONNECT SPRING 16 TO I21 (RED WIRE). 26. CJCONNECT SPRINGS 27 AND 29 (WHT WIRE).
OO CONNECT SPRING 18 TO L21 (RED WIRE). 27. OCONNECT SPRINGS U AND 37 (BLU WIRE).

. CJCONNECT SPRING 20 TO L30 (RED WIRE). 28.[0CONNECT SPRING 4 TO V4 (+V) BLU WIRE).
. O CONNECT SPRING 22 TO F21 (RED WIRE). 29. OOCONNECT SPRING 47 TO I30 (BLU WIRE).
. O CONNECT SPRING 24 TO J2i (RED WIRE). 30. JCONNECT SPRING 1 TO GROUND (BLU WIRE).

. OOJCONNECT SPRING 26 TO K21 (BLU WIRE). 31. CJCONNECT SPRINGS 2 AND 42 (YEL WIRE).

e S o
Ul LN DN =

3. INSTALL THE DIGITAL-TO-ANALOG RESISTORS

FOR INITIAL TESTING, SELECT ANY 10 RESISTORS WITH VALUES BETWEEN 1K AND 10K. (LATER
YOU CAN CONNECT RESISTORS IN SERES FOR OTHER VALUES). INSTALL THE RESISTORS ACROSS
EACH OF THE CONSOLE LED SPRINGS, EITHER IN INCREASING ORDER OF RESISTANCE OR RAN-
DOMLY. FOR EXAMPLE, INSTALL A 10Kk RESISTOR ACROSS SPRINGS 11 AND 12, A 4.7k RESISTOR
ACROSS SPRINGS 13 AND 14, AND SO FORTH. FINALLY, INSTALL A 1K RESISTOR ACROSS SPRINGS
29 AND 30. BE SURE THE RESISTOR LEADS DO NOT TOUCH ADJACENT SPRINGS OR RESISTORS.

4. TEST THE CIRCUIT

RECHECK YOUR WIRING FOR POSSIBLE ERRORS. PAY SPECIAL ATTENTION TO THE 0-1 MA METER.
THE YELLOW WIRE AT SPRING 2 SHOULD GO ONLY TO SPRING 42, WHICH IS AN UNUSED DPDT
SWITCH TERMINAL BORROWED AS A CONNECTION POINT FOR THE METER AND R4. WHEN YOU
ARE SURE EVERYTHING IS CORRECT, PUSH THE POWER SWITCH ON WHILE WATCHING THE METER.

IF THE NEEDLE “SLAMS, " IMMEDIATELY SWITCH THE POWER OFF AND RECHECK YOUR WIRING.
IF THE NEEDLE DOES NOT SLAM, ADJUST THE IM CONSOLE POT UNTIL THE LEDS FLASH ON
AND OFF IN A SLOW SEQUENCE. PRESS S1 TO STOP THE COUNT WHEN THE LED AT THE I
RESISTOR GLOWS (LED 10 IN THE EXAMPLE ABOVE). THEN ADJUST THE 10k CONSOLE POT UNTIL
THE METER NEEDLE IS PAST THE CENTER POINT BUT LESS THAN FULL SCALE. RELEASE sl.
THE COUNTER WILL RESUME COUNTING. AS THE COUNTER'S DECODER SELECTS EACH OF THE
10 OUTPUTS IN TURN, THE METER NEEDLE WILL JUMP UPWARD IN DISTINCT INCREMENTS IF YOU
INSTALLED THE 10 RESISTORS IN DECREASING ORDER OF RESISTANCE. OTHERWISE IT WILL JUMP
RANDOMLY BACK AND FORTH EACH TIME THE COUNT ADVANCES.

WHEN THE CIRCUIT IS WORKING PROPERLY, SLOWLY ADJUST THE IM CONSOLE POT TO SPEED UP
THE CLOCK FREQUENCY. IF YOU INSTALLED THE RESISTORS IN INCREASING (OR DECREASING)
ORDER OF RESISTANCE, ABOVE A CERTAIN FREQUENCY THE METER NEEDLE WILL MOVE MUCH
MORE SMOOTHLY THAN BEFORE. AS YOU KEEP INCREASING THE FREQUENCY, THE NEEDLE WILL
BEGIN TO BOUNCE RAPIDLY BACK AND FORTH. YOU HAVE NOW DEMONSTRATED THE CONVERSION
OF A SEQUENCE OF DISCRETE DIGITAL LOGIC SIGNALS INTO A VARIABLE ANALOG FORMAT.

85



4017 DECADE COUNTER: BUILD THE INCREDIBLE MUSIC MACHINE

THE 4017 DIGITAL-TO-ANALOG CONVERTER PROJECT HAS SOME FASCINATING APPLICATIONS.
AMONG THE MOST VERSATILE IS THE “MUSIC MACHINE *~ DESCRIBED HERE. YOU WILL BUILD A

VOLTAGE-CONTROLLED OSCILLATOR (VCO) USING A 555 TIMER IC. YOU WILL THEN CONNECT THE

VCO TO THE A/D CONVERTER TO MAKE A PROGRAMMABLE SEQUENTIAL TONE GENERATOR
THAT CAN SOUND LIKE A CHIRPING BIRD, A SIREN AND MANY OTHER SOUNDS.

[PARTS YOU WILL NEED

8765 —q)
5§55
R2, R3, R4-1K (BRN-BLK-RED)

L 234

—_

C1-0.1 UF (104)

)

C2-0.47 UF

[CIRCUIT DIAGRAM

| [HOW IT WORKS

THE D/A CONVERTER CIRCUIT SELECTS
1 OF 10 PROGRAMMING RESISTORS AT A
RATE CONTROLLED BY THE IM CONSOLE

POT (R1). EACH RESISTOR CAUSES A

DIFFERENT VOLTAGE TO APPEAR AT
THE CONTROL INPUT OF A 555 VCO.
THE VCO IS THE CIRCLIT'S MASTER

OSCILLATOR. ITS FREQUENCY IS

CONTROLLED BY THE 100k CONSOLE POT
(R1) AND Cl. CLOSING THE DPDT SWITCH

CONNECTS C2 ACROSS C1 AND SLOWS
THE FREQUENCY. PRESS S1 TO STOP
THE COUNTER SO YOU CAN ADJUST

SPECIFIC TONES BY CHANGING TONE-
CONTROL RESISTORS R5-R14. WANT

+ bV + 6V +6V
R1
100K R4
| 1K
) A P I
R2 |8
A% L SPKR
DPDT R3 S5S L9
SWITCH LK . 3
N\ S TO
4 43| 2 4017
+ A/D
— — i CONVERTER
T C2 T C1 (SPRING 29)
04T mF o.u{[
— ALTERED. HAVE

— — —
- - -

MORE VOLUME? REDUCE R4 TO 470 OR
220 OHMS. AN AMAZING VARIETY OF
SOUNDS CAN BE PROGRAMMED AND

FUN/

[1. BUILD THE CIRCUIT

1. O PUSH THE POWER SWITCH TO OFF. 10.
2. OINSERT THE 555 IC ACROSS SLOT 3 (PIN 1.

1 AT KIS). 12.
3. COCONNECT kil TO GROUND (WHT WIRE). 13.
4. OOCONNECT L14 TO M19 (WHT WIRE). 14.
5. OOCONNECT NI4 TO K17 (WHT WIRE). 15.
b. CICONNECT K20 TO V4 (+bV) (RED WIRE). le.
7. O INSERT C1 ACROSS K12 AND Ll2. 17.
8. OJINSERT C2 ACROSS TI2 (+) AND GROUND (). 18.

9. O INSERT R2 ACROSS P15 AND L18.

O INSERT R3 ACROSS L20 AND M20.
O INSERT R4 ACROSS NI3 AND Tle.

COCONNECT SPRING
CICONNECT SPRING
COCONNECT SPRING
COCONNECT SPRING
COCONNECT SPRING
OO CONNECT SPRING
COCONNECT SPRING

34 TO P11 (RED WIRE).
35 TO N1I (RED WIRE).
43 TO L1l (RED WIRE).

44 TO Til (RED WIRE).
68 TO T18 (BLU WIRE).
69 TO MI4 (BLU WIRE).
29 TO N20 (BLU WIRE).

[2. TEST THE CRCUIT

CHECK THE WIRING CAREFULLY SINCE SOME OF THE D/A CIRCUIT WIRES MAY HAVE COME LOOSE

WHEN YOU ADDED THE 555. PUSH THE POWER SWITCH ON. THE SPEAKER WILL EMIT A TONE
SEQUENCE. ADJUST ALL THREE POTS TO CONTROL THE TONE SEQUENCE AND FREQUENCY.

&b



4017 DECADE COUNTER: BUILD A KEYBOARD ENCODER

THERE ARE SEVERAL WAYS TO DESIGN KEYBOARD CIRCUITS FOR ENTERING DATA INTO COMPUTERS.
YOU WILL BUILD A 4-DIGIT KEYBOARD ENCODER THAT DEMONSTRATES ONE SIMPLE METHOD.

PARTS YOU WILL NEED

[1.

BUILD THE CLOCK FIRST |

1615 1413 1111 109 L iswasalio g ‘___"‘jn:’: ;i\l 1. DPUSH THE PO\NER
crrTToTr  Re-4.7K (YEL-VIO-RED)  Cl-1 UF SWITCH TO OFF.
2. O INSERT THE 90 I'
[CIRCLIT DIAGRAM | ACROSS SLOT 1 (PIN 1 AT K5).
t6V GROUND Pt»mseg teV _ 3. CJCONNECT BREADBOARD
4049 INPUTS (PINS
yl;’b 4044 \ 2.9, 11 AND 1), Tu_, ’15 10 HOLE R1 TO GROUND
L (WHT WIRE).
= 1.3 . 141 count RESET S 4. CICONNECT KI TO VA4
Ji 4017 (+6V) (RED WIRE).
13| counT ENABLE 5. 0O CONNECT ML TO N1
%il:[\ st 1 2 3 4 WHT WIRE).
L 3 12 14 |7 8~ 6. [JINSERT €1 ACROSS L3
5 o (+) AND O3 (-).
97 e
THE 4047 CLOCK s2 7. CICONNECT SPRING 34 TO
SENDS PULSES TO o £
THE 4017, WHICH 5 o M2 (RED WIRE).
SCANS THE SWITCHES. | Mg 8. CICONNECT SPRING 35 TO
THE COUNT RESETS e 02 (RED WIRE).
TO 1 WHEN QUTRUT 5t S5 9. O CONNECT Q1 TO
S REACHED. WHEN A sy GROUND (WHT WIRE).
SWITCH IS CLOSED, L 10. O CONNECT M10 TO
‘?,;%"“G';TESEL“‘EHE S35 5% 117 |14 |16 18 GROUND (WHT WIRE).
AND THE CONT 1. O CONNECT P10 TO
STOPS. THE SELECTED < R2 GROUND (WHT WIRE).
OUTPUT STAYS 47K 12. O CONNECT RI0 TO
HIGH, AND ITS LED N R N GROUND (WHT WIRE).
GLOWS. SET RL FOR 13. OJINSERT THE 017 IC ACROSS
A FAST SCAN THAT 1L 13 |15 (17 SLOT 5 (PIN 1 AT F25).
CAUSES ALL THE [ (ED LED LED LED
| || PSP SR B | 14 CJCONNECT M2 TO
— LEDS TO AREAR ON. —  — = GROUND (WHT WIRE).
2. NOW BUILD THE ENCODER
1. CICONNECT F27 TO VA4 (+6V) (RED WIRE). 11. CICONNECT SPRING 52 TO L23 (RED WIRE).
2. CICONNECT G27 TO L27 (WHT WIRE). 12. CICONNECT SPRINGS 11 AND 13 (WHT WIRE).
3. CJINSERT R2 ACROSS M24 AND I29. 13. CICONNECT SPRINGS 13 AND 15 (WHT WIRE).
4. CICONNECT SPRINGS 47 AND 49 (WHT WIRE).  14. CICONNECT SPRINGS 15 AND 17 (WHT WIRE).
5. CICONNECT SPRINGS 49 AND 51 (WHT WIRE).  15. CICONNECT SPRING 17 TO GROUND (BLU WIRE).
b. CICONNECT SPRINGS 51 AND 53 (WHT WIRE).  lb. CICONNECT SPRING 12 TO Hol (RED WIRE).
7. CICONNECT SPRING 53 TO I3 (RED WIRE). 17. CJCONNECT SPRING 14 TO G2l RED WIRE).
8. CICONNECT SPRING 46 TO H23 RED WIRE).  18. CICONNECT SPRING 16 TO I2L RED WIRE).
9.

CJCONNECT SPRING 48 TO G23 (RED WIRE).

10. O CONNECT SPRING 50 TO I23 (RED WIRE).

19.
20.

O CONNECT SPRING 18 TO L21 (RED WIRE).
COCONNECT L4 (CLOCK) TO H30 (BLU WIRE).

[3. TEST THE cReLIT

CHECK YOUR WIRING. PUSH THE POWER SWITCH ON, AND LEDS 1-4 WILL ALL GLOW. PRESS SI,
AND ONLY LED 1 WILL GLOW. PRESS S2, S3 OR S4, AND ONLY LEDS 2, 3 OR 4 WILL GLOW. a7



4017 DECADE COUNTER: BUILD A FREQUENCY SYNTHESIZER

THIS CIRCUIT EXPLOITS THE ABILITY OF A 4017 TO DIVIDE AN INCOMING CLOCK SIGNAL BY 1 TO
10. YOU WILL BUILD A FREQUENCY SYNTHESIZER THAT PROVIDES 10 SPECIFIC FREQUENCIES
SCALED DOWN FROM AN INPUT FREQUENCY PROVIDED BY A MASTER OSCILLATOR. THE OUTPUT
FREQUENCIES RANGE FROM THE MASTER INPUT FREQUENCY (F) DIVIDED BY 1 (F/1) TO 10 (F/10).
BESIDES THE MASTER OSCILLATOR, THE CIRCUIT INCLUDES A SECOND OSCILLATOR THAT
PULSES THE OuTPUT FREQUENCY.

[PARTS YOU WILL NEED

4131211 lo § & 1S 14131211109 - ——
ann 1010
e _
J

TUTTYeTY Cl-1 UF C2-0.01 UF (103)
[CIRCUIT DIAGRAM
+ajkv + bV +bV TO AVOID UNWANTED NOISE
! ; WHEN SELECTION WIRE (PIN
i 1 OF 4001) IS “FLOATING,
L ST7a\ 3 INSTALL A 4.7k RESISTOR
| 2. [0t (YEL-VIO-RED) ACROSS PINS
1 |15 1 AND 7 OF THE 4001
S /Iﬂa%;q} 2 Reseri—i’r‘li %
! TO SWITCH BETWEEN A
4 Z_of/2 ST 4 PULSATING AND STEADY
_— + L /4001 SEQUENCE OF TONES,
o174 5F)3 - REMOVE THE WIRE BETWEEN
G . PINS 2 AND 14 OF THE
—'f ! 4049. CONNECT SPRING 43
1/6 4049 10 I'¢g TO PIN 2 AND SPRING 44
q !10 11 \* 12 14 i 4 ! TO PIN 14 (RED WIRES).
' 1 Yelo THEN CONNECT SPRING 45
™ i i TO +6V (BLLE WIRE).
R e AT S 5fNh
3 100K 0.014F |
b F/& b2 13-}
&%?IEETOP— q_é F/q &80
11 D'L 10
i ©3 @9
8 l | = SPKR
1 T 1

GROUND UNUSED INPUTS OF THE 4001 (PINS 12 AND 13).

|1. BUILD THE TWO OSCILLATOR CIRCUITS FIRST

1. OPUSH THE POWER SWITCH TO OFF. 7. COOCONNECT P10 TO Q10 (WHT WIRE).
2. O INSERT THE 4049 IC ACROSS SLOT 1 (PIN 8. OJINSERT Cl ACROSS L3 (+) AND O3 ().

1 AT K5). 9. OJINSERT C2 ACROSS 08 AND R3.
3. OOCONNECT RlI TO GROUND (WHT WIRE). 10. OO CONNECT SPRING 31 TO N2 (RED WIRE).
4. OOCONNECT Kl TO V4 (+6V) (RED WIRE). 11. O CONNECT SPRING 32 TO 02 (RED WIRE).
5. OOCONNECT ML TO NI (WHT WIRE). 12. CJCONNECT SPRING 34 TO Q7 (RED WIRE).
b

88 © OOCONNECT L2 TO M7 (WHT WIRE). 13. COCONNECT SPRING 35 TO R7 (RED WIRE).



[2. NOW BUILD THE DIVIDER AND LOGIC CIRCUITS

1. O INSERT THE 4001 IC ACROSS SLOT 3 (PIN L.
1 AT KI5).

PENE UL w

— = = = s
L NN = O

1 AT F25).

Gi

COCONNECT Qll TO GROUND (WHT WIRE).
OCONNECT L11 TO NI (WHT WIRE).
OOCONNECT M1l TO O1 (WHT WIRE).
OOCONNECT K20 TO V4 (+6V) (WHT WIRE).
CICONNECT 010 TO P11 (WHT WIRE).
COCONNECT P4 TO P17 (RED WIRE).
CJCONNECT Q4 TO Ni12 (RED WIRE).
CJCONNECT L10 TO Q17 (RED WIRE).
. O CONNECT SPRING 57 TO GROUND (WHT WIRE).
. COJCONNECT SPRING 6l TO 020 (BLU WIRE).
. OOCONNECT SPRINGS &2 AND 68 (RED WIRE).
. OOCONNECT SPRINGS &3 AND 69 (RED WIRE).
. O INSERT THE 4017 IC ACROSS SLOT 5 (PIN

CICONNECT M2l TO GROUND (WHT WIRE).

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

32.

CJCONNECT F27 TO VA (#6V) (WHT WIRE).

CICONNECT M24 TO I27 WHT WIRE).
SPRING 12 TO H21 (RED WIRE).
SPRING 14 TO G21 (RED WIRE).
SPRING 1l TO I21 (RED WIRE).
SPRING 18 TO L21 (RED WIRE).
SPRING 20 TO L30 (RED WIRE).
SPRING 22 TO F21 (RED WIRE).
SPRING 24 TO Ja21 (BLU WIRE).
SPRING 26 TO K21 (BLU WIRE).
SPRING 28 TO M30 (BLU WIRE).
SPRING 30 TO K30 (BLU WIRE).

O CONNECT
O CONNECT
O CONNECT
O CONNECT
O CONNECT
O CONNECT
OJ CONNECT
O CONNECT
O CONNECT
O CONNECT
O CONNECT

L20 TO GROUND (WHT WIRE).
CJCONNECT M20 TO GROUND (WHT WIRE).
. OCONNECT L14 TO G27 (RED WIRE).
3L

CICONNECT 09 TO H27 (RED WIRE).
O INSERT A BLUE WIRE AT Kl

4. TEST THE CIRCUIT

FOR INITIAL TESTS, CONNECT THE BLUE FREQUENCY SELECTION WIRE TO SPRING 12. CAREFULLY
CHECK YOUR WIRING FOR ERRORS AND OMISSIONS. THEN SET THE IM (R1) AND 100K (R2) CONSOLE

POTENTIOMETERS TO THEIR MIDPOINTS AND PUSH THE POWER SWITCH ON. THE SPEAKER WILL
EMIT A PULSATING TONE. ADJUST Rl TO CHANGE THE RATE AT WHICH THE TONE IS PULSED

FROM A FEW DOZEN TIMES PER SECOND (ROTATE RIGHT) TO ONCE EVERY SECOND OR SO
(ROTATE LEFT). ADJUST R2 TO CHANGE THE TONE FROM A LOW FREQUENCY (ROTATE LEFT) TO
A HIGH FREQUENCY (ROTATE RIGHT).

WHEN THE CIRCUIT IS WORKING, ADJUST THE TONE TO A FARRLY HIGH FREQUENCY (R2) AND
THE PULSE RATE TO A FEw PULSES PER SECOND (R1). THEN REMOVE THE BLUE FREQUENCY

SELECTION WIRE FROM SPRING 12 AND TOUCH IT IN SEQUENCE TO SPRINGS 14, 16, 18 AND SO
FORTH UNTIL REACHING SPRING 30. THE TONE FREQUENCY WILL DECREASE, IN OBVIOUS STEPS,

AS YOU TOUCH EACH SPRING. YOU CAN BEST CAPTURE THE EFFECT BY SWEEPING THE SELECTION

WIRE ACROSS ALL 10 OUTPUT SPRINGS. HERE ARE THE FREQUENCIES THE CRCUIT PRODUCES WHEN
THE MASTER OSCILLATOR IS SET TO 1,000 HZ:

SPRING | FREQUENCY SPRING | FREQUENCY SPRING | FREQUENCY
12 (F/1) 1,000 HZ 20 (F/5) 200 HZ 28 (F/9) 11 HZ
19 (F/2) 500 HZ 22 (F/e b HZ 30 (F/10) 100 HZ
lo (F/3) 333 HZ 24 (F/7) 193 HZ

18 (F/4) 250 HZ 26 (F/8) 125 HZ

MAKE THE TONE

STEADY BY MOVING

THE WIRE AT
SPRING &1 FROM

020 TO P20.

GOING FURTHER

THE FREQUENCY SELECTION WIRE AT PIN 1 OF THE 4001 IS “FLOATING ~ WHEN A FREQUENCY IS
NOT SELECTED. TO KEEP POWER LINE NOISE FROM CAUSING THE CIRCUIT TO BUZZ, CONNECT A
47K RESISTOR BETWEEN PINS 1 (k13) AND 7 (QI3) OF THE 4001. THIS PULL-DOWN RESISTOR IS
NOT NEEDED IF THE CIRCUIT IS OPERATED AT ONLY ONE OF THE AVAILABLE FREQUENCIES.
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|4511 SEVEN-SEGMENT DECODER-DRIVER: BUILD A BINARY-TO-DECIMAL KEYPAD |

THE 4511 IS USED TO DECODE THE OUTPUT FROM BINARY-CODED DECIMAL (BCD) COUNTER
IS SO THEY CAN ACTIVATE SEVEN-SEGMENT READOUTS. THE 4511 CAN ALSO BE USED
BY ITSELF. YOU WILL USE THE 4511 TO MAKE A SIMPLE KEYPAD THAT CONVERTS THE
FIRST 10 BINARY NUMBERS INTO THEIR DECIMAL COUNTERPARTS. THIS PROJECT IS AN
IDEAL TOOL FOR LEARNING BINARY.

[PARTS YOu WILL NEED |

o151y 9 -
BEHERHES ~i—

4511 RL, R2, R3, R4-4.7K (YEL-VIO-RED)
|EpEpEpERERERE]
L2L34Y5678

[CIRCUIT DIAGRAM |

TR +ov
T A SAVE THIS
_ ls—oi?-lq CIRCUIT
[0 Jua Js1 Jss » FOR THE
_| _.I 1 _|0 G NEXT
f9¢_ ‘748 50 s 4511 3 4 5 6 PROJECT
St | sz2| s3| s4 7| g |12 (PAGE 92).
1le A [13 &

|
s, ; N i @%ﬁm

4K | qk | 4K |4k 11

I
I

|1. BUILD THE DECODER AND DISPLAY CIRCUIT

1. O PUSH THE POWER SWITCH OFF. 10. O CONNECT SPRING 8 TO H7 (RED WIRE).

2. O INSERT THE 4511 IC ACROSS SLOT 1 11. OO CONNECT SPRING 9 TO G7 (RED WIRE).
(PIN 1 AT AS5). 12. [0 CONNECT SPRING 10 TO F7 (RED WIRE).

3. O CONNECT H4 TO GROUND (WHT WIRE). 13. [0 CONNECT SPRINGS 47 AND ‘A WHT WIRE).

4. O CONNECT Al10 TO V4 (+6V) (WHT WIRE). 14. OO0 CONNECT SPRINGS ‘A AND 51 (WHT WIRE).

5. [ CONNECT SPRING 3 TO B7 (BLU WIRE).  15. [0 CONNECT SPRINGS 51 AND 53 (WHT WIRE).

b. [0 CONNECT SPRING 4 TO D7 (BLU WIRE).  16. OO CONNECT SPRING 53 TO V4 (V) (BLU WIRE).

7. O CONNECT SPRING 5 TO E7 (BLU WIRE).  17. OO CONNECT €4 TO V4 (+bV) (RED WIRE).

8. [0 CONNECT SPRING & TO C7 (BLU WIRE). 18. [0 CONNECT D4 TO V4 (+6V) (RED WIRE).

9. O CONNECT SPRING 7 TO GROUND (BLU WIRE). 19. (O CONNECT E4 TO GROUND (RED WIRE).



2. NOW ADD THE INPUT SWITCHES

1. 00 INSTALL RL ACROSS SPRING 4 AND GROUND. 5. [ CONNECT SPRING 46 TO F1 (RED WIRE).
2. O INSTALL R2 ACROSS SPRING 48 AND GROUND. 6. [1 CONNECT SPRING 48 TO Bl (BLU WIRE).
3. [0 INSTALL R3 ACROSS SPRING 50 AND GROUND. 7. [ CONNECT SPRING 50 TO Al (BLU WIRE).
4, O INSTALL R4 ACROSS SPRING 52 AND GROUND. 8. [ CONNECT SPRING 52 TO Gl (BLU WIRE).
3. TEST THE CIRCULIT
CHECK YOUR WIRING FOR ERRORS. THE PUSH THE BINARY INPUT DECIMAL
POWER SWITCH ON. THE LED DISPLAY WILL READ READOUT
0" (BINARY 0000). PRESS S4 (BINARY 0001), AND
THE DISPLAY WILL READ “1." PRESS S3 (BINARY Sl S2 S3 S
0010), AND THE DISPLAY WILL READ 2. FOLLOW OFF (0)| OFF (0) 0
THE TRUTH TABLE AT RIGHT TO CHECK EACH
INPUT SWITCH COMBINATION. NEXT, TEST THE 4511 OFF (0) ON () 1
CONTROL INPUTS: ON () [OFF ()] 2
[0 TEMPORARILY MOVE THE RED WIRE AT ¢4 (PN 3 |oFF (0) ON (1) 3
OF THE 4511) FROM +6V TO GROUND TO TEST ALL OFF (0)| OFF (0) 4
SEVEN DISPLAY SEGMENTS.
N @ ON (1) 5
00 TEMPORARILY MOVE THE RED WIRE AT D4 FROM ON ) | OFF ©) .
+V TO GROUND TO BLANK THE DISPLAY.
ON (1) 7
RED WIRE AT E4 FROM GROUND TO +V TO STORE
THE NUMBER AFTER YOU RELEASE THE SWITCHES. ON (1) 9
THE COMPLETE CONTROL [BINARY INPUT DECIMAL SEVEN-SEGMENT READOUT
TRUTH TABLE [ |BT|Lr| st |se|ss| sy |RERRUT w el c[p|e|F]|a
FOR THE 451
RIGHT: ol1f1]o]loflol 1] 1 o1l 1]lo0o] 0] ofo 0
0 1 1 0 0 1 0 2 1 1 0 1 1 0 1
0 1 1 0 0 1 1 3 1 1 1 1 0 0 1
LE (PN 5):
0 1 1 0 1 0 0 0 1 1 0 0 1 1
LATCH ENABLE 1
OR STORE 0 1 1 0 1 0 1 5 1 0 1 1 0 1 1
1 1 1 1 b 1 1 1 1 1
BI (PIN 4): 0 0 0 010
BLANKING INPUT [ ol 2t 1] o| 1|12 Vi 1|l1]l1lolo|l o] o
1 1 1 1 1 1 1 1 1 1
LT (PIN 3): 0 0100 8
LAMP TEST 0 1 1 1 0 0 1 9 1 1 1 0 0 1 1
o OFF (Low) ol 11| z1fo]l1] o0 - ALL SEGMENTS OFF (COUNT > 9)
ofof 1| x|x]|x]| x - ALL SEGMENTS OFF (BLANK)
11 (ON (HIGR) ol x| ol x]|x|x]| x 8 ALL SEGMENTS ON (LAMP TEST)
X: “DONT CARE [ 1| 1| 1| x| x|Xx| X 0-9 SAVE AND DISPLAY NUMBER




|4029 UP-DOWN COUNTER: BUILD A PROGRAMMABLE COUNTDOWN TIMER

YOU WILL USE A 4029 COUNTER AND A 4511 7-SEGMENT DECODER TO MAKE A DIGITAL TIMER THAT
COUNTS DOWN FROM 9 TO 0 AND THEN ACTIVATES A BUZZER. WHEN THE 4029 COUNT REACHES 0,
IT'S CARRY OUTPUT (PIN 7) GOES LOW. YOU WILL SEND THIS SIGNAL TO A NAND GATE TO
BLOCK INCOMING CLOCK PULSES. A SECOND GATE WILL ACTIVATE THE BUZZER.

[PARTS YOU WILL NEED |

e ThE  TH Y THE “l BINARY-TO-DECWAL KEYPAD ON PAGES 90-91 PLLS:
L i w@ L A% (
wd S BE 295 BE i ]
e R S N ) — )
e po = R e e N \ R2-1K (RRN-BLK-RED) ’
i pe p R3-4.7K (YEL-VIO-RED -
| QI-POWER FET ( ) C1-i0 UF

6bhs

CIRCUIT DIAGRAM (INPUT SWITCHES SI1-S4 ARE NOT SHOWN. SEE DECIMAL KEYPAD CIRCUIT)

+ bV + bV +b6V
Tifa 3 |1k IQJ
4029 4511 ¢ |
3 4 5 b
L 7 B 12

it A |13

194 2 g [15 / ﬂ
174 \.10 {

A}
a COUNT / 6 >IMA
\ Ho11 15| N 2 6 e La
~ 7 K
1 CARRY
At qé{:l 4o o4l ouT il o 1O
13 DPDT 12

SWITCH
1

% 8 9 10

L

|ABOUT THE CRRCUIT

THIS CIRCUIT IS A DIGITAL TIMER. IN OPERATION, AN OSCILLATOR FORMED FROM TWO NAND GATES
SENDS A STREAM OF CLOCK PULSES TO A THIRD NAND GATE. THE CARRY OUTPUT OF THE 4029
(PIN 7) IS NORMALLY HIGH. SO WHEN THE DPDT SWITCH IS CLOSED (PUSHED UP), THE THIRD
NAND GATE PASSES THE CLOCK PULSES TO THE COUNTER (PIN 15). THE COUNTER COUNTS DOWN
FROM 9 TO 0. WHEN 0 IS REACHED, THE CARRY OUTPUT GOES LOW. THIS DISABLES THE THIRD
GATE, WHICH THEN BLOCKS THE CLOCK PULSES. THE COUNTER STOPS, AND A NAND GATE
CONNECTED AS AN INVERTER SWITCHES ON Q1 AND THE BUZZER. OPENING AND CLOSING THE

92 DPDT SWITCH TURNS OFF Q1 AND THE BUZZER AND ALLOWS THE COUNT TO RESUME FROM 9.




|1. MODIFY THE BINARY-TO-DECIMAL KEYPAD ON PAGES 90-91 |

1. O PUSH THE POWER SWITCH OFF. R2, R3 AND R4 BETWEEN SWITCHES sSI, S2,
2. LJREMOVE THE WIRES AND RESISTORS R1, S3 AND S4 AND THE BREADBOARD.

[2. ADD THE 4029 COUNTER TO THE BINARY-TO-DECIMAL KEYPAD |

1. O INSERT THE 4029 ACROSS SLOT 3 (PIN 1 8. [0 CONNECT G20 TO GROUND (RED WIRE).
AT Al5). 9. O CONNECT F17 TO Al (RED WIRE).
2. O CONNECT A2 TO C12 (WHT WIRE). 10. 00 CONNECT (17 TO Bl (RED WIRE).
3. O CONNECT Bll TO F4 (WHT WIRE). 11. O CONNECT AlI9 TO VA4 (+bV) (WHT WIRE).
4. O CONNECT Ell TO GROUND (RED WIRE). 12. O CONNECT DI2 TO HI2 (WHT WIRE).
5. O CONNECT F11 TO G4 (WHT WIRE). 13. O CONNECT €13 TO HI3 (WHT WIRE).
b. [ CONNECT Hil TO GROUND (RED WIRE). 14. 00 CONNECT D18 TO HI18 (WHT WIRE).
7. O CONNECT HI4 TO H17 (WHT WIRE). 15. O CONNECT E19 TO HI9 (WHT WIRE).
3. INSTALL THE 4011 NAND GATE CIRCUITS
1. OJINSERT THE 4011 ACROSS SLOT 3 (PIN 1 9. [JCONNECT K20 TO A20 (WHT WIRE).
AT KI5). 10. LI CONNECT L20 TO M20 (WHT WIRE).
2. [JINSERT R3 ACROSS K18 AND M18. 11. CJCONNECT L19 TO Q19 (WHT WIRE).
3. LJINSERT C1 ACROSS NI3 (+) AND LI3 (-). 12. LI CONNECT B20 TO 020 (RED WIRE).
4. LJCONNECT K14 TO L14 (WHT WIRE). 13. OO CONNECT SPRING 34 TO Mil (RED WIRE).
5. [JCONNECT M12 TO 012 (WHT WIRE). 1. O CONNECT SPRING 35 TO L1 (RED WIRE).
b. LJCONNECT O11 TO P11 (WHT WIRE). 15. [0 CONNECT SPRING 40 TO Ql7 (BLU WIRE).
7. LICONNECT Q14 TO GROUND (WHT WIRE).  le. (O CONNECT SPRING 41 TO GI4 (BLU WIRE).
8. LJCONNECT NI4 TO P17 (WHT WIRE).
4. INSTALL Q1 AND CONNECT THE BUZZER
1. CJINSERT Q1 AT T28 (G), S28 (D) AND R28 (S). 4. [JCONNECT S30 TO Ve (+9v) (RED WIRE).
2. [JINSERT R2 ACROSS T23 AND T26. 5. O CONNECT SPRING &b TO R30 (BLU WIRE).
3. LJCONNECT N20 TO T21 (WHT WIRE). b. [0 CONNECT SPRING &7 TO GROUND (BLU WIRE).

5. TEST THE CIRCUIT

THIS CIRCUIT IS FAIRLY COMPLICATED, WITH WIRES GOING EVERYWHERE. SO BE SURE TO MAKE
SURE THAT ALL THE WIRES ARE PROPERLY CONNECTED AND THAT NONE CAME LOOSE DURING
THE ASSEMBLY STEPS. SET THE 100k CONSOLE POT (R1) TO ITS MIDPOINT AND PUSH THE
POWER SWITCH ON. THE LED READOUT WILL IMMEDIATELY BEGIN COUNTING FROM 9 TO 0
AGAIN AND AGAIN. ADJUST Rl TO SLOW THE COUNT TO ABOUT ONE DIGIT PER SECOND. WHEN
THE COUNT CYCLES BACK TO 9, PUSH THE DPDT SWITCH UP TO ACTIVATE THE BUZZER.
WHEN THE COUNT REACHES 0, THE BUZZER WILL SOUND, AND THE COUNT WILL STOP. TO
SWITCH OFF THE BUZZER AND REACTIVATE THE CIRCUIT, PUSH THE DPDT SWITCH DOWN. THE
CIRCUIT IS PROGRAMMABLE SINCE YOU CAN BEGIN THE ALARM CYCLE AT ANY POINT IN THE
COUNTDOWN. JUST WAIT FOR THE DESIRED DIGIT AND PUSH THE DPDT SWITCH UP. TRY IT.

|GOING FURTHER

SOME POWER FETS (Q1) TURN ON AT LOWER VOLTAGES THAN OTHERS. IF YOUR BUZZER SOUNDS
WEAK, YOU CAN INCREASE ITS VOLUME BY PUSHING THE POWER SWITCH OFF AND MOVING ALL
THE LEADS AT V4 (+6V) TO Ve (+9v). YOU WILL NEED LONGER WIRES FOR SOME OF THE LEADS.
JUST BE SURE ALL THE ICS ARE POWERED BY THE SAME VOLTAGE. YOU CAN REPLACE THE BUZZER
WITH AN LED. REMOVE R2 AND INSERT R2 ACROSS N19 AND T19. THEN INSERT AN LED ACROSS
T20 (ANODE) AND GROUND (CATHODE). AT THE END OF THE COUNTDOWN THE LED WILL GLOW. 3




14029 UP-DOWN COUNTER: BUILD A DIGITAL LIGHT METER

THIS FINAL PROJECT NICELY DEMONSTRATES MANY OF THE ELECTRONIC PRINCIPLES THAT You
HAVE LEARNED WITH YOUR LAB KIT. YOU WILL BUILD AND EXPERIMENT WITH A SINGLE-DIGIT
DIGITAL LIGHT METER. YOU WILL ALSO LEARN THE DETAILS ABOUT HOW IT WORKS.

[PARTS YOU WILL NEED |

U = [ L4
=g = pE ed ThE ~g S B THE 4511 BINARY-TO-DECIAL KEYPAD CIRCUIT ON PAGES 90-91 PLUS:
.-aE . gm s nG rQg ajs
w % wh L p% w e : }
= g jE £ g ga .:E ﬁ g':‘r: lﬁa]):'___ﬂ
= [P Sl e ng + gi R2, R4, R5, Rb, R7-100Kk (BRN-BLK-YEL)
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0o O-e o H-o
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|ABOUT THE CIRCUIT

THE 4029 COUNTS PULSES FROM THE CLOCK CIRCUIT AND SENDS THE RESULT IN BINARY TO
THE 4511 DECODER. THE LED DISPLAY DOES NOT SHOW THE COUNT, SINCE ITS BLANKING INPUT
IS PULLED LOW BY A 4049 INVERTER. THE BINARY COUNT IS ALSO SENT TO A DIGITAL-TO-
ANALOG (D/A) RESISTOR NETWORK, WHICH CONVERTS IT INTO A PROPORTIONAL VOLTAGE THAT

IS SENT TO A 324 OP AMP CONNECTED AS A COMPARATOR. ALSO SENT TO THE COMPARATOR

99 1S THE VOLTAGE FROM A VOLTAGE DIVIDER FORMED FROM THE PHOTORESISTOR AND R3.



|ABOUT THE CIRCUIT (CONTINUED) |

THE VOLTAGE FROM THE DIVIDER IS PROPORTIONAL TO LIGHT AT THE lPHOT'ORES\STOR. WHEN
THE D/A VOLTAGE EXCEEDS THE DIVIDER VOLTAGE, THE COMPARATOR S OUTPUT SWTCHES
STATES AND TRIGGERS THE ONE-SHOT (€2, R2 AND TWO INVERTERS IN THE 4049), WHICH
EMITS A POSITIVE PULSE. THIS PULSE MOMENTARILY DISABLES THE 4029 (PIN 5), THUS STOP-
PNG THE COUNT. THE PULSE ALSO SWITCHES ON THE LED DISPLAY (PIN 4 OF THE 4511). WHEN
THE ONE-SHOT PULSE ENDS, THE DISPLAY SWITCHES OFF, AND THE COUNT RESUMES UNTIL
THE COMPARATOR AGAIN TRIGGERS THE ONE-SHOT. THUS ONLY THE COUNT AT THE TIME THE
ONE SHOT FIRES IS DISPLAYED. IF THE)CLOCK IS SUFFICIENTLY FAST, THE DISPLAYED NUMBER
APPEARS TO BE CONTINUOUSLY ON. IT S ACTUALLY BEING PULSED, WHICH YOU CAN CONFIRM
BY SLOWING THE CLOCK USING RI.

[1. MODIFY THE RINARY-TO-DECIMAL KEYPAD ON PAGES 90-91 |

O PUSH THE POWER SWITCH OFF. 3. [JREMOVE WIRES AND R1-R4 BETWEEN
2. LJREMOVE RED WIRE FROM D4 TO V4 (+6V). SWITCHES S1-S4 AND THE BREADBOARD.

—
.

[2. ADD THE 4029 COUNTER TO THE BINARY-TO-DECIMAL KEYPAD |
1. OO INSERT THE 4029 ACROSS SLOT 3 (PIN 1 8. O CONNECT GI19 TO A19 (WHT WIRE).

AT AIS). 9. O CONNECT F17 TO Al (RED WIRE).
2. O] CONNECT Al2 TO C12 (WHT WIRE). 10. O CONNECT €17 TO Bl (RED WIRE).
3. [J CONNECT Bll TO F4 (RED WIRE). 11. O CONNECT DI2 TO HI2 (WHT WIRE).
4. [ CONNECT Fil TO G4 (WHT WIRE). 12. O CONNECT C13 TO HI3 (WHT WIRE).
5. 0 CONNECT HIl TO GROUND (WHT WIRE).  13. [ CONNECT DI8 TO HI8 (WHT WIRE).
b. [ CONNECT HI4 TO HI7? (WHT WIRE). 14. O CONNECT EI19 TO HI19 (WHT WIRE).
7. O CONNECT A20 TO V4 (+6V) (WHT WIRE).
[3. INSTALL THE 4049 INVERTER CLOCK AND ONE-SHOT CIRCUITS |
1. OJINSERT THE 4049 ACROSS SLOT 1 (PIN 1 7. [JCONNECT M7 TO R4 (WHT WIRE).

AT K5). 8. I INSERT cl1 ACROSS L1 AND Ol.
2. CJCONNECT M1 TO NI (WHT WIRE). 9. CJINSERT C2 ACROSS R& AND T8.
3. CJCONNECT Q3 TO R3 (WHT WIRE). 10. CJINSERT R2 ACROSS RI0 AND GROUND.
4. [JCONNECT Rl TO GROUND (WHT WIRE).  11. [0 CONNECT SPRING 34 TO N2 (RED WIRE).
5. [JCONNECT k4 TO Al7 RED WIRE). 12. O CONNECT SPRING 35 TO O2 (RED WIRE).
6. CJCONNECT P7 TO Q7 (WHT WIRE).

INSTALL THE 324 COMPARATOR AND RESISTOR LADDER |

L1 INSERT THE 324 ACROSS SLOT 5 (PIN 1 9. [JINSERT R4 ACROSS BI4 AND A2l
AT K25). 10. L1 INSERT RS ACROSS €20 AND D21
2. [JCONNECT N30 TO GROUND (WHT WIRE).  11. [JINSERT Rt ACROSS F20 AND G2l.
3. LJCONNECT N24 TO V4 (+bV) (RED WIRE). 12. [L1INSERT R7 ACROSS F14 AND Jal.
4. LI CONNECT A23 TO M23 (WHT WIRE). 13. L1 INSERT R8 ACROSS A25 AND D2s.
5. O CONNECT SPRING 64 TO N23 (BLU WIRE). 14. [JINSERT R9 ACROSS D24 AND Go2A4.
b. [0 CONNECT SPRING &5 TO L24 (BLU WIRE). 15. [J INSERT R10 ACROSS G25 AND J25.
7
&
S

— | L

. [0 CONNECT SPRINGS 65 AND 33 OEL WIRE). 16. [JINSERT R1l ACROSS J22 AND GROUND.
. O CONNECT SPRING 32 TO GROUND RED WIRE).

. CONNECT THE CIRCLITS |

1. [JCONNECT O7 TO D4 (RED WIRE). 3. LJCONNECT TI10 TO k21 (RED WIRE).
2. LJCONNECT 010 TO En (RED WIRE). 4. LJCONNECT L4 TO B17 (RED WIRE). 5




le. TEST THE CIRCLIT

THIS CIRCUIT HAS A TOTAL OF FOUR ICS CONNECTED BY MORE THAN 40 WIRES. SO INSPECT
IT CAREFULLY TO BE SURE THERE ARE NO ERRORS AND THAT ALL THE WIRES ARE FULLY
INSERTED INTO THE BREADBOARD. ROTATE THE KNOBS OF BOTH THE IM (R3) AND 100K (R1)
CONSOLE POTS ALL THE WAY TO THE LEFT. THEN PUSH THE POWER SWITCH ON. |F THE
CONSOLE IS REASONABLY WELL ILLUMINATED, THE NUMBER 1 WILL BE FLASHING IN THE LED
DISPLAY. IF THE CONSOLE IS FAIRLY DARK, THEN PLACE |\T WHERE THERE IS MORE LIGHT
UNTIL THE NUMBER 1 IS FLASHING IN THE DISPLAY.

NEXT, VERY SLOWLY ROTATE RL'S KNOB TO THE RIGHT WHILE WATCHING THE FLASHING LED
DISPLAY. KEEP ROTATING UNTIL THE DISPLAY IS FLASHING SO FAST IT APPEARS CONTINUOUSLY
ON AND BECOMES BRIGHTER. IF THE DISPLAY SUDDENLY GOES DARK, YOU WENT TOO FAR.
ROTATE RL'S KNOB BACK TO THE LEFT UNTIL THE DISPLAY IS AGAIN GLOWING.

NEXT, BLOCK THE PHOTORESISTOR APERTURE WITH A FINGER OR A PIECE OF OPAQUE TAPE OR
PAPER UNTIL THE DISPLAY BECOMES DARK. THEN VERY SLOWLY ROTATE R3 UNTIL THE NUMBER
1 1S AGAIN GLOWING IN THE DISPLAY. UNBLOCK THE PHOTORESISTOR, AND THE NUMBER IN THE
DISPLAY SHOULD INCREASE. IF THE LIGHT AT YOUR CONSOLE IS BRIGHT, THE NUMBER WILL GO
OFF SCALE, AND THE DISPLAY WILL SWITCH COMPLETELY OFF. PARTIALLY COVER THE PHOTO-
RESISTOR APERTURE WITH YOUR FINGER UNTIL THE NUMBER 9 IS DISPLAYED. AS YouU KEEP
DARKENING THE PHOTORESISTOR, THE NUMBER WILL DECREASE.

|GOING FURTHER

YOU CAN MONITOR THE ACTIMITY OF THE LIGHT METER WITH AN LED. CONNECT SPRING 11 TO
GROUND (BLU WIRE) AND SPRING 12 TO 08 (BLU WIRE). WHEN THE ONE-SHOT IS SENDING
PULSES TO BOTH THE COUNTER AND THE DECODER, LED 1 WILL GLOW.

THE CLOCK OCILLATES AT AN AUDIO FREQUENCY, WHICH YOU CAN HEAR WITH THE SPEAKER.
USE RED WIRES TO CONNECT THE SPEAKER (SPRINGS 68 AND &9) TO THE TRANSFORMER
(SPRINGS €2 AND 63). CONNECT SPRING 59 TO GROUND (WHT WIRE). CONNECT SPRING &1 TO BI19
(BLU WIRE). THE TONE FROM THE SPEAKER IS THE CLOCK FREQUENCY.

THIS CIRCUIT WILL RESPOND TO THE RESISTANCE OF YOUR SKIN. PULL THE BLUE WIRE FROM
SPRING &4 AND HOLD THE BARE END WITH TWO FINGERS WHILE TOUCHING SPRING &5 WITH A
THIRD FINGER. TRY THIS WITH YOUR FINGERS DRY AND MOIST. WHAT HAPPENS? WHY?

|GOING FURTHER WITH YOUR ELECTRONICS LEARNING LAR

THIS MAY BE THE FINAL PROJECT IN YOUR TWO ELECTRONICS LEARNING LAB MANUALS, BUT IT
IS BY NO MEANS THE END OF WHAT YOU CAN DO WITH YOUR KIT. YOU CAN BEGIN BY TRYING
TO SIMPLIFY OR MODIFY THE DESIGN OF SOME OF THE CIRCUITS IN YOUR MANUALS.

ELECTRONICS ENGINEERS AND DIGITAL DESIGNERS CONSIDER SIMPLIFYING CIRCUITS TO BE
A MAJOR CHALLENGE-—AND LOTS OF FUN. CONSIDER THE DIGITAL LIGHT METER. ARE
/. THERE WAYS THAT YOU CAN SIMPLIFY THE CIRCUIT? FOR EXAMPLE, THE 324 HAS THREE
> UNUSED OP AMPS. PERHAPS YOU CAN DESIGN AN OSCILLATOR USING ONE OR TWO OF
THESE SPARE OP AMPS TO REPLACE THE 4049 CLOCK CIRCUIT. THEN MAYBE YOU CAN
USE THE REMAINING OP AMP TO REPLACE THE TWO INVERTERS THAT FORM PART OF
THE ONE-SHOT PULSE STRETCHER.

il g,

OF COURSE YOU DON'T HAVE TO GET FANCY TO CONTINUE ENJOYING YOUR LAB KIT. MANY
VARIATIONS OF THE PROJECTS ARE POSSIBLE USING THE PARTS PROVIDED WITH YOUR KIT. SO
9 LET YOUR IMAGINATION TAKE CHARGE. MAYBE YOU CAN DESIGN SOME PROJECTS OF YOUR OWN.



