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Introduction

This booklet was written as the manual for a lecture of the workshop on electronic
circuits with English at the Sendai City Aoba Boys and Girls Invention Club on Oct/26
& Nov/23, 2019. The purpose of this booklet is to understand the stored program system.
It will be helpful to beginners in programing of the robots but also beginners in the field
of artificial intelligence.

The current robot is operating by the stored program system where the program
proceeds sequentially by the pulse circuit, and at each step, the response selected by the
information entered through the combined logic circuit is performed and proceeds to the
next step. Repeated actions are performed by opening or closing the gate of the address
by specifying the address of the register or memory to be processed.

The electronic circuits of the central processing unit (CPU) of an actual robot are
complex, but the electronic circuit that performs its basic operation is confirmed by the
experiments. The sample of circuit is shown in the photograph on the cover. This booklet
will help to understand how electronic circuits work in a stored program system. It must
be useful for programing and making electronic devices with artificial intelligence.

This booklet is explained in Japanese and English in consideration of the future of
internationalization. The teaching stuffs hope that excellent engineers will grow up.
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[Breadboard, & Color code of resistor]

Electronic circuits of experiments will be assembled on a bread board shown in left
side of the figure below. Each terminal should be inserted into the breadboard. The plus
points on the vertical lines and minus points on the vertical lines are connected under the
board. On the other hand, the points of "a," b, c, d, e are connected at the under the board
by each horizontal lines and f, g, h, i, j on each horizontal line are also connected. Please
do not bend the breadboard, because there is a risk of breaking when you bend the
breadboard. Also, if you remove the yellow seal on the back, the wiring on the back side
of the breadboard may also be removed, so you should not remove the seal.

In electronic circuits, resistance is used to control the current flowing through the
circuit. The color bands shown to the right of the figure below are used to represent the
number value and error of the resistance.

Points of + line and points of — line are connected vertical lines.
But pointsof a, b, ¢, d, e, andf, g, h, i, j are connected vertical lines.
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If you bend the breadboard, and it will break.
When you remove the seal, the breadboard will break.
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F1E RIH 1A —F Chap.1 Light Emitting Diodes (LED)

1.1 ERFAA—FDORKERE
1.1 Configuration and principle of LED
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Fig.1 shows configuration of a light-emitting-diode. The lead wires of the two diodes
are not the same length. The lead of the anode is long, and the lead of the cathode is short.

Fig. 2 shows the principle of a light-emitting diode. As shown in the Fig.2, there are
many free electrons in the conduction band of N-region, and there are many positive holes
in the valence band of the P-region.

When the voltage of forward direction is applied as shown in the Fig.2, the current of
P-N junction of the LED flows. In this case, free electrons in the conduction band of N-
region diffuse into the P-region. It emits energy as light at the transition to the valence
band of the P-region with low energy level. When the voltage of the opposite polarity is
added, free electrons and positive holes are disappeared at the junction, and the current
does not flow.
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1.2 2)arFA4A—FELED
1.2 Silicon diode and LED
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Fig.3 V-l characteristics of Diode
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Fig.3 shows V-I characteristics of diode. The current flows by forward voltage, but it
does not flow at the reverse voltage. The scales in this Fig.3 are different in the forward

and backward directions.

Fig.4 shows the difference on V-I characteristics of silicon diode and LED. Silicon
diode which is used as rectifier have a voltage of about 0.7V at which current begins to
flow. On the other hand, LED is made by P-N junctions of compound semiconductors.
And the voltage at which current rises is about 1.8V. As for LED that is used in this
experiment, the turn on voltage of LED is about 1.8 volt. The value of current for an

emission of light is about 2.5 mA.
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1.3 FA4FA—FDOEROEXfEE
1.3 Graphical design method of a diode circuit

Vsupply = 3V, Vf = 1.8V, Ip = 2.55mA=0.00255A,
R1(Q)=V/1o=(3-1.8)/0.00255 =470Q
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Fig.5 shows a simple circuit. Since there is a possibility that the overcurrent will flow,
the resistor to protect must be inserted. The value of resistor can be designed by a
schematic method. That is overlaying the Vp-Ip characteristics of the diode and the Vp-
Ip characteristics of the power supply side (load line) as shown in Fig.6. The Vp-Ip
characteristic of the power supply side is expressed by Eq. (1).

Io= (Vcc- V)R 1)

A straight line shown by equation (1) is called a load line [1]. The value of resistance
is given by Ohm's law, that is, the difference of voltage divided by current.

In case of the supply voltage is 3 V and turn-on-voltage of LED is 1.8 V, the resistance
value for to flow a current 2.55 mA is given by R=1.2 VV/2.55 mA, that is approximately
470 Q.
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1.4 BFEIERICKSDHNEE

1.4 Intelligence by electronic circuit
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Fig.7 A simple decoder
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LED is the simplest device that provides the signal to a user on the status of what's
going on in a circuit. We can assume that the intelligence is the reaction due to what it
had experienced, and the operation of intelligence is described by an If then rule, i.e. “if
the input is corresponds the preconditions, then the output is as follows”.

The simplest circuit of artificial intelligence is shown in Fig.7. If a LED: had been
connected at the state of light emitting, it will emit light when it becomes at the state of
connected. When LED> had been connected at the state of reverse the polarity of the
battery, LED, will emit light when it becomes at the state of reversed polarity of the
battery. That is, the state of the power supply is indicated by LED1 and LED>. This circuit
shown in Fig.7 possesses the mechanism of intelligence.



T0T S5 LD AEE SBEF RO ER

F2E 52U XA Chap.2 Transistor

21 FSUORADIEELES

2.1 Structure and symbol of transistor
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Fig.8 The structure of transistor Fig.9 A simple transistor circuit
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Bipolar transistors consist of a N-P-N region in a single crystal of a semiconductor,
each of which is referred to as emitter (E), base (B), and collector (C) as shown in Fig.8.

The energy level of the central P region is high when no voltage is applied as shown in
the upper part of the Fig. 8. If the voltage is applied only between C and E as shown in
the middle of Fig.8, the PN junction of B and C become the opposite direction and the
current does not flow. However, when a voltage is added to the B region to lower the
energy level of the central P region, as shown in the lower part of Fig.8, the current flows
between B and C and it allows the current flow between E and C. In other words, the
voltage applied to the B region is able to control the current between C and E.

Fig.9 shows a simple transistor circuit that functions as an inverter.
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22 FSUDRADEERO R X EE

2.2 Graphical design of a transistor circuit
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Fig.10 Characteristics of bipolar transistor
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Fig.10 indicates Ic-Vce characteristics on collector side of bipolar transistor 2SC1815.
The collector current of Ic is varied depending on the base current of Is. The
current amplification rate is defined as hre=Ic/ls. The typical value of current
bipolar transistors is about hre=200.

In the transistor, the operating point is set by Ig. the Ic-Vce characteristics of the
transistor as shown in Fig.6(b) and the 1C-Vce characteristics on the power supply side
(Load line) are overwritten in the same graph. When Ig changes, the operating point
changes along the load line. The intersection that satisfies both Ic-Vce characteristics at
the same time is the operating point [ 1]. The setting of current of Ig is the manner
described in Section1.3. Since hre=100, Ic=2.5mA at 18=0.025mA in case of Fig.10.

10
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2.3 Serially connected two inverters
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Fig.11 Two-stage of inverters
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In the bipolar transistor, the current of collector is controlled by the base current. Here,
the power of the signal does not reduce without change the input by the output. Fig.11
shows an experimental circuit that is connected two inverters. The picture on the left side
of Fig.11 is a picture of the actual circuit. The right side of Fig.11 is a schematic.

The operation of inverter is revealed by a change of the input. The inverted amplifier
is also referred to as a NOT circuit. That is, if you change the input state from NOT state
of the switch to O FF state, the state of the second stage changes from OFF state to ON
state.

The value of base resistance R>=20kQ in the experimental circuit shown in Fig.11.
Here, R> is set to supply the current that maintains the transistor at ON state.

11
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2.4 How to assemble two of inverters

TEREDIEETTROMEISERREELTT SV BMELEVERIXRAMNSPY
BELTZELY,

Please carefully wire in the following order. If you did not wire accurately. Try again
from the beginning.

e
Ve,

s

1.

No.6 AADELHR Wiring of input

No.5 ~—XiEK$H1 Resistor of Base

CEE]

[ONIFSU S READR—R B TR M OFFRIDIL 44 ELEDF RN HT1=8 . [OFFIIK &
BlOLEDAH T MHERBET

Since the base current for [ON] transistor flows through the collector resistor and LED at the
OFF side, the LED at [OFF] state side emits slight light.

12
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2.5 Flip—Flop (Circuit of memory)
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Flip-Flop keeps the state of the
circuit.
The state is changed by a trigger.

Flip-flop is the main elements of
a computer.
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Fig.12 Flip-Flop circuit
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Fig.12 shows a circuit diagram of flip-flops. This circuit is OFF when it becomes ON
of one transistor and the other is OFF. By passing current to the base of a transistor, it is
set as a low-level state [0], and if the current does not flow, the voltage of the transistor
becomes a high-level state [1]. Therefore, specify the voltage of the collector of either
transistor as the output.

The flip-flop circuit holds the output data as a register, so that data can be processed.
Since the registers play an important role in a computer, the computer is termed as a
register machine. The computer combines data from the register and transfers data
processed by logic circuits. The next input may also contain the results of the previous
processing, so it is done in the progress of time. The processing is controlled by the timing
of the input and output of the flip-flop circuit.

13
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Chap.3 Elements of Sequence Control System
B3I T —3 D% RLFET , Fig.13 shows a data processing.
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T IRBOELIE. FEEIV T oY (C)BELUR—RIEHRL)DIEICE>TEZD
NET.ZDORATIX T=14CR, THI=ZoN . TOHEILK 1 FTT,

HAZELELMADINS O REOAL VA HFMSIRYELET,

The clock signal generated by the oscillator is used to create a signal for timing control.
The circuit shown in Fig.14shows a multi-vibrator. The state of multi-vibrator changes
from "Off" state to "On" state and from "On" state to "Off" state automatically. The period
of oscillation is given by the value of coupling condenser "C" and base resistor "Rb". The
period "T" is equal to 1.4 times of "C" multiplied "R b", the numerical value of the period
Is about 1 second.

14



T0T S5 LD AEE SBEF RO ER

3.2 Uy 7Ry T 02 B ENE
3.2 Binary counting operation of Flip—Flop

(short time OFF)
 Trigger input

FUA — (RIBEFHEIOFF Y 3) BEITIARE
BEYEbYEY.

m 3
-V EWIVFTUY—@B3pR)EAEY &
o LTRALET.

- SR —CEEYDHYET.

20kQ The state is changed at each
‘YI\{\_’_ trigger (short time OFF).
3'3;_“: The capacitor (33puF) as a memory.
The Electrolytic capacitor has a
e polarity.
B15 Gt & ZET AT B EIER

Fig.15 The circuit that tests counting operation

X 15 (&, ZUyT 70y T TR—REn LM 2oL T oS (C)F T 5 E5E R
I+ ER%E OFF 52 ETIRENERIN, ZHEDHBOBEEHRTEEY .
ZTC. 38490775 RDQaAVTUoHHAE)ELTHERELE T,

OFF DR RAMALYAEON DEFUDRADAR—ZADEDERLZE L Voo
Viep—Vee=3-1.8-0.7=05(V) T, fth 5. ON DrZ P RAMaAL Y%L OFF DRSSP
RADR—ZADEDEMEIXIFIX 0T, £ T, ERFEBHHEUIMTHE650D
RAZERDPAENIBOBEIZ, TFESNTWNDAUTUY M ON EL4-TULNRNSUD
ABADOR—RAEBRZEINHIT AN T, OFF EE-TWVER S U RINDAR—RAERHI &
[SHEN T, IREARERLET,

BE ERALEERILTUOSIZIEBENHYET,

Fig.15 shows the circuit in which the capacitor (C) is connected in parallel with the
base resistor in the flip-flop. The state of this circuit is changed by turning the power OFF
for a short time. That is, each capacitor 33uF acts as a memory, and this circuit works as
a binary counter.

The potential difference between the collector of OFF transistor and the base of ON
transistor is Vcc-Viep-Vee. On the other hand, the potential difference between the
collector of ON transistor and the base on OFF transistor is approximately zero. Therefore,
when the power supply is cut for a short time, the current begins to flow to the transistor
as follows. The base current of ON transistor is suppressed by the charge of capacitor, so
the base current of the OFF transistor begins flow earlier. So, the state reverses.

In addition, the electrolytic capacitor used has polarity.
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33 BRETILF/INMTL—4

3.3 Mono stable multi—vibrator

3v_]_
a700 L
= Vin
) [_l
Output t1 T
Vout

t1 t

Hie EJINFIATL—4
Fig. 16 Mono multi-vibrator

B 16 [CHREIILFNATL—2DEEHEERLET . CORKICELEDRD K
SIZANEBEMELARIIZEBERFS=/WNIILRABOEWVNED/NILRAERELET,
ZITC.COEBF/NNIILAEBEEZEZRICALNOhET,

COEBZFHFHIRETIIADBDRSU O ZAEM OFF RETH ABID RSV PR
AH ON TF, ANBIDISU P RADIALYADOEEE TN %Dﬂ"éiﬁbfﬂjﬁ
BIDRSUOREIDR—REXFEZTIFTEDENBIRLT., . HABDISV D RS
HYOFF AREEICAY AT AA—RIEE LT ALVFIBEETBVLLANILGYET

o LOL. —BIFarTo Y@ uPIZFHIREE TR ESIN-ERIZKY OFF KEEIC
&Uia“/a\ PR TR—RIFFIZ R=20kQZEFEL T BRI SEBENTTRET S
EIZ&Y ., ONREEIZERLET .

BE.ZOEBEIEE 42 THRRETILFNATL—EHNRYRLTLET,

Fig.16 shows a schematic of a single-stable multi-vibrator. When the input voltage is
at a low level as shown in the figure in the right side of this circuit, a positive pulse with
a fixed pulse width is generated. Therefore, this circuit is used for pulse delay elements.

In the standby state, the transistor on the input side is OFF and the transistor on the
output side is ON. The voltage drop of the collector of the input side of the transistor
lowers the base voltage of the transistor on the output side through the capacitor, and
the change circulates, the transistor on the output side becomes OFF state, then, the light
emitting diode does not emit light, and the collector voltage is high. However, the OFF
state will be returned to ON state by charging capacitor 33uF from the power supply
through the R=20kQ. The time interval of OFF state is fixed by the circuit. Note that the
multi-vibrator describes this transition behavior in4.2.
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Chap.4 Combinational logic circuits

4.1 REBRERE
4.1 AND circuit

AND Circuit outputs ON only if all inputs are ON.
2TOANHONDIFZE T H A ONELZHE

Q 3v ;

Input A: Clock

==

Input B: Counter

o 5 it e

Output of AND logic
Truthtable HE{EZRX

Input A Input B Output F
o | o | o
1 0 0
BI17. SHIEHEE 0: [ 4 | 0
Fig.17 AND circuit 1 | 1 | 1

17 MZEIZ AND EIREZERL., RHRIZFEEEERLET . AND EIFRIE. B 17 DB
TOEBERISRTIIICETOAAL ON OEEIZAVIZHASAET,

AND EERDZHD A NE—DDHE NI HEEEIANESERBTHEBDTS
AT SLRRERREBRF7LAPLAELTEDNTLVET[2], PLA D AND EET
. 2 TOANIZRELI=T—42LAFIZL T, ONRKREEHSI-2TOHAE—D
M AND EIFEDAABIZL T, EERAALREICHS =BT HE ASE5E8% -
TWET,

Fig.17 left side is the circuit that has the function of “AND” logic, and the symbol is
shown in the center. The output of AND circuit is 1 at the case that every input become
1 as shown in the truth table at the bottom right of Fig.17. The AND circuit changes
many inputs to one output. This ability to narrow down many inputs to a single output is
used as a Programmable Logic Array (PLA) for the recognition [2].

In the AND plane of the PLA, every inputting lines include inverted input together,
and all inputting lines in the ON state are connected as inputs of an AND circuit as the
implementation, the circuit is output only when the data become the same as written.
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4.2 OR circuit

Output of OR circuit become 1 in case of any inputs become 1.

—ADANBEIUCEEDAAICT—ERAALEERICH AT HER

OR circuit is an element of the adder.
OR A% X MBEBOEHIHYET ., | gy S
InputA: Clock

] g

InputB: Counter

LED
- Output T_‘ I_,

Output of OR logic

t
20kQ 20k A E
D— Truth table EPF{ERX
Input A Input B B OR Input A Input B OutputF
0 | 0 0

3v

470Q

1 0 1
B118. RIBFNE B% 0 1 1
Fig.18 OR circuit 1 1 1

18 DEEIZ OR EIEETRL. PREFIZ OR BTN EEEERLET, OR EIKIE
18 DA TITRTEBERIZTT IIICAITDLTNAS ONIZHE-T-HEIZ ON
FHALET . RALEETHAT2EHOHAOEKGHERICSWNTIIHADES
R DELDHAICERELET ., ZORBHBICHAEROAADEREKIZC—DTHAA
NHNIEE AT SHO0R BENEONET , ZST. ENTNDEREZDEAILA S
BORBBEOREMICHZYZET[3], PLA TIEX OR EBITHATIZFEHLATHNET
[2], B ELEIBFATIE AND B THIEN S A HEE OR B THEIENSH HEIE
EEEE L TEROAHNREH T TCVET, CORVNTI—IIBEITEE
HERELCTY,

Fig.18 shows an OR circuit. The or circuit symbol is shown at the center of the figure.
OR circuit prints ON when one of the inputs is ON, as shown in the truth table. The
function of changing one input to many outputs of an OR circuit is used for circuits that
deploy output commands at the output unit. The drive is shared with various outputs.
Therefore, it can be shared with various outputs using the OR circuit as the input of each
drive such as PLA [2].

In general, one of the outputs is expressed by logical OR of the logical AND of the
inputs. Although the connection between inputs and the outputs has the meaning, the high
efficiency of elements is achieved by the layered structure in an advanced network of
circuits. This network structure is the same as linguistic expression.
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Chap.5 Configuration of Stored Program System

19 O LEEITRT KHGTAT S LTIE, FTOBRITRT KGR TT —4H
BREINFET, CCTLEBENRIEIVEL—2DEELERTT,

In a program shown upper of Fig.19, the data are transferred in the processor shown
in under of Fig.19. Wires (buses) are important elements in the data processing.

Program 0935 A
| Load A Bus < A 7 FLAADEZBuUsICOE 3. |
| Add B Bus<Bus+B Bus& 7 KL ZBDfE%EME L TBuslcOtE 3.
|StoreC  Bus—C Busfi%?” KL ACICHRAT 3. |

*» Address bus
CPU Data bus
Control bus

v ye
Memory Gate control for output and input
AEY ANS— BV AS— OB

X19. T—2EB(ZHE T BH/NNADERE|
Fig.19. Role of Bus in data processing

51 T—A%ZERET HHE
5.1 How to transfer data

TS LABARTIEIARIICEMESN=-TAITSLIFEA(Z a0 A—)LE
BETCLPRFICEVUHSNTHREINET,

%9 FRLR-T—REATURNGIENR I O—RENET, T—2DE5E (L. Z
USBTONETRLRADOHE AWET—ENRIZEHKSh, E2ALTRLADST —EH
KCEIZEHTETEINET , COLIBRIEOBRBETDIIIVIERIX. yOvY
(3.1 IR EHNDR(32 ) ICE-THLONET,

Most of today's computers use the stored program system where the program is stored
in the memory. The programs are executed by sequential control. That is, the stored data
are loaded on the register at the timing of control signal. Owing to this mechanism, the
computer is sometimes called as a register-machine. The address and commands are
loaded on the control bus. The data are transferred at the timing of opened the gate to be
written within the time when the gate of memory to be read opens. The timing pulse of
such sequential operations is given by clock and counter.
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5.2 Routine work of a CPU

Step 2 decode instructions into commands  Step 3 execute commands

2. DR | | 3.PDRT
step 1 [~ Control Unit ALU
Fetch s wmEE Step 4
instruction Store results
from memo in memory
¢ Mal;gglégory «— 4. ER0D:E
1. RBONUIAY ke
ALU: Arithmetic and Logic Unit
BNERRONERE

[X20. A RALEEE DIEYRLIESE
Fig.20 Machine Cycle of Central Processing Unit

20 [CH B P RNEEE(CPUDERERLET , CPU TETT REHMmT
DEEIETOT 5L AOUATHRESNET . RXDEMEIEZTN TN DORES RIS
KO TCEESNTEITINTET . TORBOIAIT LUV IERIZKYEZLN
F9,. vV TRmETEENUEL) . IW—TT BT I —F Ui ET BT
OS54 hoVva%igELET,

AEDYICEEBELETOTSLD—DDRATYITHAE 20 (TR K324 DI FdN
f= CPU D —EDEMEICK>TEITINET . ATYT 1 TIE ARUMSHEEIME
LET . RTYT 2 CEBSEERLET . ATYT 3 TIEHREEETLET . RTY
T ATIEARVICHREZRELET,

Typical configuration of CPU is shown in Fig.20. It works sequentially according to
the program that is stored in the memory. The program counter specifies the location in
memory of the instruction to be executed. Each instruction stored in the memory has an
instruction code that specifies what to do and an operand that indicates the information
used in the instruction. The operation is identified by its own decoding circuit and it
carried out at regular times by the clock signal. If there is a jump instruction, it
manipulates the program counter in order to manipulate subroutines by branching,
looping.

The routine operation of a CPU is divided into four parts as shown in Fig.20. Step 1
takes instructions from memory. Step 2 deciphers the instructions. Step 3 executes the
instruction. Step 4 saves the results in memory. Each operation is identified and carried
out by its own decoder.
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F6E ORyhDHIHE Chap.6 Control of Robot

6.1 ARYFDOBIEDTRIT S L
6.1 Program on Motion of Robot

Robovie-nano ~RobovieMaker2- [EeBl% txt]
TAME SEE BEQ A-A® T-vaAM BEQ JOVIINBED ANTH
BAE| &9 bw N~ msoeon | b = o | A B Q= 3=100% =& |[GE -

aE0—)|

+().0deg

FEAo =Ll
(+)

Fig.21 Editer of Humanoido Robot

ABEOARYMEIEE RIS —R E—208HYET —RE—F—(I. BlE
HMOAEZRET O Y DAEL FERSNARLEEEBMITEIT LU
T HERESNEAEICRLETS, TRO/NEOORYNTIITATSLNEBIIERL
TERDIIIHKREMEERTLIDERDYILIITHAERSNTNOETY,

F21IZR I HIAITHEERIOFANDEZ(POSENENH TR RSN TEY. £
DEHEDBBRME TORICRREINTUVET . Yo TILDTAT S LI EFSN
TWT. ZEDBESEICLTH IS T VEEEIMERTEET

A humanoid robot possesses many servo motors. The servo motor detects the
difference between the angle of the sensor on the axis of rotation and the angle to be set,
and it eliminate the difference automatically. So, it keeps the angle at the programmed
value. Commercially available robots usually have their own editor for the programing as
shown in Fig.21 [4]. Here, the [POSE] of which is marked by the red circle on the right
is displayed in the Fig.21 on the left, and the transition time of the operation is displayed
in the lower column of the [POSE].

You can use the example program as a guide to create your original behavior.
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6.2 Program on repeating of behaviors

TS LABARXTIEARIDTRLRAEERELT. T2 REBLET,
Data are processed by specifying the address of the memory in a stored program system.

23— Start
=L°F Set RE Set
v[70]= 4 v[70]=3
v v
RBH L Bk =
Pose 1 i Pose 3 . T
v No Yes - v No Yes
Z52 L84
Pose 2 Pose 4
v v
HESsub BEESub
v[70]=1 v[70]=1
I |

22 #&Y) RS S ENE D Fil 1
Fig.22 Control of repeating behavior

H22TIXAEI DY RSN SEMELIEDIEYIRESN DR DEMEZITITRT S L%
TLTWET, ZITIEH BYRLOBESLIET HAT)DFZEFTZET0 FihV[70]EL T,
VHEBRTEL. T2ZHEDKRDYIZIOE D AT DIELZ 1 BET H0NEEL
T. FDHEBRDOIMIENOHZETIL—TIETNET,

TOSLABRARERRTIEBOLLAINLEBYBRLEBENZDLSHTOY
SLEAIENBRTEET,

Fig.22 shows a program that performs four times of repeated behaviors and three times
of repeated the other behaviors. The location of the memory to remember the number of
repetitions is set to No.70(i.e. V[70]), and the initial is set, the data is subtracted by one
from the memory of No0.70 at the end of the operation, and the resulting number is looped
until the number becomes zero.

This program is understandable from the mechanism of the circuit which realizes the
stored program.
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[Bp&h3E] [Epilogue]

SEOAVE1—2PARYNETASSLRB AR THY B HETFEBIE
STHHELTULET, TO5530 5§ RICIREBIE TSRy RELTHRD L
BOHETY, LCAATOYSLETOYS LERSEFEABBICKELTLET,
ZOULHEERT B Lo THABTOT SIS IZRRICHILTEET,

N—RYIFEBRTHLIEEBFEERLNTEEL D, ZORERYME D
CEICEYH R ORBEEH T ARSI HYES, 20T, BRELLHET
EBEHELT, ERICHESEAARICEY TS LNEA RO A EERT
BEVNSEHAELEL, COMBFIEERELET HHBAEIEET D101/
EAEBRTEIEFERELOHBADEDESICERASNTOSAHBLTOE
T, COMRBFASBHLNEMTAEE T BT EICEMT Ao EEMBLTOETS,

Today's computer or robot is a stored program system. Since the device is realized by
many electronic circuits, the electronic circuits are usually treated as a black box.
However, the program relies on the electronic circuits. that handle the program. By
understanding how the circuits handle the data, we can easily deal with a variety of
programming. It has been thought that it is difficult to understand the hardware. But
overcoming that barrier may create new technological developments. Therefore, we tried
to make a basic electronic circuit and understand the mechanism of the stored memory.

This booklet describes the experiments of electronic circuits those are possible to carry
out by student of elementary school, and explanations to understand how hardware works
were included. That is not as difficult as expected. The staffs hope that this booklet will
contribute to the birth of new technologies in the future.

(23 3]

[1]. Donald L. Schilling, Charles Belove, Electronic Circuits: Discrete and Integrated,
McGraw-Hill Co. Inc, U2 B, FERKE—GR), bS5 TRREIC D=
DEFEEE (1 7FOJ %), 1982/4.

[2]. Carver Mead, Lynn Conway, “Introduction to VLSI systems”, Addison-Wesley

Egg.lca 1980, EFr Lk, fih Mz (EER), B LSIVATLARM, BEE,

[3]. John W. Carter, “Digital Designing with Programmable Logic Devices”, Prentice

Hall, 1997.

[4] BRyrE/ME CPUR—F TVS-RCO03JEAYIRIIF, Robovie Maker 11,
V-stone, 2007.

KIMAFOERELTREEENTBELTCVET . EFICEMTHRT HZE. B
FURNMEFOREZHRYICHBRDERT A ELGHEETELTHLELET,
The copyright of this booklet is owned by the following authors. It is prohibited to
publish this booklet without the author's permission or to include the drawings of this

booklet in the publications without describing of its source.

=& FEiZ 1E5  Author: Shinji Karasawa
E-mail: shinji-karasawa(@kbh.biglobe.ne.ip

23


mailto:shinji-karasawa@kbh.biglobe.ne.jp

