REFERENCE SHEET

Multiplication Factor Prefix Name Prefix Symbol
1 000 i]-{ll] 000 000 = 10* tera T
1 000 000 000 = 10° giga G
1 000 000 = 10° mega M
1000 = 10° kilo k
100 = 10° hecto h
10 = 10' deka da
0.1=10" deci d
0.01=10" centi c
0.001 =10°* milli m
0.000 001 = 10°° micro L
0.000 000 001 = 10 nano n
0.000 000 000 001 =107 pico P
This table shows the common prefixes. Others. from 10~ to 107 are acceptable for
use of the SI. See NIST SP 330.

RESISTOR COLOUR CODE

4 7 000 - o

4—Band code

100
1000
100000
1000000

51ka *1%

Quantity Symbol Unit
Current I Ampere (A)
Voltage V Volt (V)

Resistance R Ohm (Q2)

Frequency f Hertz (Hz)

Capacitance C Farad (F)
Inductance L Henry (H)

Power P Watt (W)




INTEGRATED CIRCUIT DATA SHEETS
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NOT Q =-A AND Q=AnB OR Q=AuB
A Q also written Al B|Q Eg e A B| QO also written
(%] 1 Q=K @ 0|0 Q=AeB 21010 Q=A<+ B
1| o 0 é g A 0 [111]
1 AND Q
A B—} 1101 Q
Q112 T T1 111 B
XOR XNOR
NAND
A B 0 Q =A o8B A B 0 - —-(A n B) A B Q Q =A @B
of1 1] A4 oo 810 o l1lo] A
011 A . 1 | »' Q
1lof1] " 101 BQECFQ 1lole] ®
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e Duty cycle = —& 7-0OR
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<4 1] o
Tcycle
OR AND Boolean Multiplicative |  Additive
1+0=1 1-0=0 A-0=0 A+0=A
0+1=1 0-1=0 AIgEbra A-1=A A+1=1
0+0=0 0-0=0 Laws A-A=A A+A=A
1+1=1 1-1=1 A-A=0 A+A=1
Commutative Law A-B=BA A+B = B+A

Associative Law

(AB)C = A(BC)

(A+B)+C = A+(B+C)

Distributive Law

A(B+C) = AB+AC

(A+B)(A+C)=A+BC

A+AB=A + B A+AB=A

Absorption Law A+AB=A+B AB + AB =A

(Consensus Theorem) A+AB =A+B A(AJ:B) =A
A+AB = A+ B (A+B)B=AB

Double Complement A=A

DeMorgan’s Law AB=A+B A+B=AB




K MAPPING

01
11

10

AB
D0 01 11 10,

00 p1\[1 |1 |/
01 | 1 o0 .
i1 jo0]o |1
10 | 1/| 1 | T\
g <
CD
AANOO 01 1110
00 0,

A
CD\
00

g

T\ 0

LD

B
00 01 11 10

vs

0
1./010
1|1

F (A,B,C,D) = B’'D + C’D’ + CD’
| FABCD)=B

Want LARGEST groupings

that can cover ‘1°’s.

F(ABCD)y= B+ D’

An LED must have a resistor connected in series to limit the
current through the LED, otherwise it will burn out almost
instantly.

R=(V-V)/I




INVERTER

NAND SUBSTITUTION
AND OR

D=l ——

A
B

: A+ B

NOR SUBSTITUTION

INVERTER AND OR
A
_ AB A A+B
VOLTAGE DIVIDER 4-input NAND using 2-input NANDs
Pull Down Pull Up ——}E}
" . DD
Vio—AW—o—* ) ——
R2 R2
[ RT [
GND VIe—VWV—-¢
Vout IR2 RZ
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Seven Segment LED

Seven segment displays come in two varieties - Common Anode (CA) and Common Cathode (CC).
CA is illuminated by LOW voltage (less than 0.7V). CC is illuminated by HIGH voltage. (greater than 0.7V)

Common Cathode Common Anode
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7-Segment Display Decoders/Drivers
(74LS47-Common Anode or 74LS48-Common Cathode)
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Typical 7 Segments Display

D

DOT

The 7 Segment’s Name

and the DOT
The Seven Segments Display

Common Anode Display Table

Common Anode 7 Segments

*%##%##%

G DOT

F G DOT

######*#

Common Cathode 7 Segments
CC

BCD inputs segment outputs .
D C B a b C d e f g display
0 0 0 1 1 1 1 1 1 0 U
0 0 0 0 1 1 0 0 0 0 ’
0 0 1 1 1 0 1 1 0 1 E
0 0 1 1 1 1 1 0 0 1 3
0 1 0 0 1 1 0 0 1 1 Li'
0 1 0 1 0 1 1 0 1 1 5
0 1 1 0 0 1 1 1 1 1 b
0 1 1 1 1 1 0 0 0 0 -’
1 0 0 1 1 1 1 1 1 1 8
1 0 0 1 1 1 0 0 1 1 q




FLIP-FLOPSandLATCHES

JK FLIP-FLOP (74LS76) .
J K Q (o] Description =1 = Q=1
1 0 Memory =0 = Q=0
0 1 no change J=K=0:
F E j| Reset Q » 0 Nothing changes
- ~ J=K=1:
1 - SetQ » 1 foggle/Complement/Both change
toggle 0 1
action 1 0 Toggle
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—
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(data) @ D,_ 5 Clk D Q Q Description
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Ck 1»0 X Q Q
Symbol (clock) no change
R ) Q|| 1t»1 0 0 1 ResetQ » 0
D o— —0OQ —Doi
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Clk O— Flip-flop Inverter
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CLR D CLK PR @ 2 GND

[ J
D-type Flipflop One




ASYNCHRONOUS

RIPPLE COUNTERS

(each divides by two)
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ASYNCHRONOUS COUNTER

(each stage divides by two)
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The 7493 IC is an up-counter that is capable of operating as a multi-modulus counter.

It is constructed of two negative-edge triggered counters that in their

natural state are: 74 L893 4'B |t

e A mod-2 up-counter

Asynchronous
e A mod-8 up-counter
counter

Mod-2 Mod-8

Up-counter a, o, Up-counter a, q,
(=]
— ] =] ) 74LS93
ae—2 CLK - CLK > CLK CLK

« _ _ _ _ 4-bit Binary Counter IC

CLR Q@ Clock K CLR @ K CLR Q K CLR Q@

T Input B T T T

The Mod-2 Counter
e Used by itself, Flip-flop A operates as a mod-2 counter.
e The count begins with a 0 at the Q output, and the maximum count occurs
when the Q output is at a 1.
e The counter recycles back to 0 when the next clock pulse is applied.
» The mod-2 counter changes its count every time a negative edge of a clock
pulse is applied to its clock input, which is labeled CLK A.
Q

—

o—-a> CLK

A

Clock
Input

K CLR a

Input |_

INPUT Ro(1) Ro(2) NC Ve NC NC

Output
The Mod-2 Counter clockB _1_ (8] U E clockA
¢ Used by itself, Flip-flop A operates as a mod-2 counter. — —
« The count begins with a 0 at the Q output, and the maximum count occurs reset0 AND i E NC
when the Q output is at a 1. o1 ]
e The counter recycles back to 0 when the next clock pulse is applied. reset0 AND i 7493 E output QA (1)
» The mod-2 counter changes its count every time a negative edge of a clock R [q]
pulse is applied to its clock input, which is labeled CLK A. NC i .1_1 output QD (8)
% +210 +6V HC ] 7ol ov
+5V LS/HCT L Bt
¢ a NC #[6 9] output @B (2)
Clock L CLK —
input NC # E 8 | output QC (4)
K CLR T —
[
Input

Output




SYNCHRONOUS COUNTERS

In an asynchronous dual-port, read and write operations are triggered by a rising or falling signal. These can occur at any
given time. In a synchronous dual-port, all read and write operations are synchronized to a clock signal. In other words,
the operation begins at expected times.

Binary 4-bit Synchronous Counter

B, & ):l
Qy Qy Q;
L§'1E!f¢ Output
J oA J QB J ac J  QD}|—»
Q,
— CLK —{ CLK — CLK — CLK
K Fra K FrB K Fre K rrp

I

ClockPulse

4-bit Synchronous Counter Waveform Timing Diagram
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J-K Flip Flop to D Flip Flop
Conversion Table K-maps Logic Diagram
DQD 0 1 DQD 0 1 "
D Input Qutputs J-K Inputs 0 1 ] Qp —
e I o o x o| I
0 0 0 0 X 2 3 2 3 ]
s B L ET X X 0
0 1 0 X 1 — —
1=D K=D K Qp p—
1 0 1 1 X
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74L.S163 4-Bit Synchronous UP counter

741L5163

Reset WCC
Clock BipCarry Out
A Input & Output : % 8‘%
E Input B Dutput —1C QC
— D QD
C Input C Dutput
I Input I Dutput : EE[; RCO
Enahle P Enahle T
N Q ~LOAD
Ground Load 4 ~CLE
— CLK
74HC163 Medium Scale Integrated Circuit
* a 4 Bit Binary Counter packaged in J4L.S163N
16 pin DIP (Dual In Line Package).
« IC is capable of counting from (0000) — (FFFF).
* the counter can be “synchronously” preset to any
4-bit binary number by applying the proper levels
to the parallel data inputs.
* the number of input clock pulses will synchronously
preset the 4-bit binary data into the counter.
AB,CD parallel data inputs; (A-LSB and D-MSB)
Qa,QB,Qc,Qp parallel outputs; (Qa-LSB and Qp-MSB)
RCO Is ripple carry output, this output is normally low and is asserted high

when the device reaches it's maximum count.

ENT and ENP  are used for enabling the counter.

Both ENT and ENP must be active (high)

for the device to count.
However, the ENT is also used in the production of RCO. Why is this?
One application is in the cascading of counters, covered later.

CLEAR clears the counter.

LOAD when active (low), the logic levels appearing at
A - D are propagated to the outputs Qa - Qp.

CLK IS positive edge sensitive.



74L.5193 4-Bit Synchronous UP/DOWN counter

7415193

Paralie|
Wit - Rassl Borrons Carry IripLit = &}

116 ] [15] J14] [13] [12] [11] [10] |9 |

— A A
) 74 LS 192/193 14 o
— C QC
—/ D QD
1] [2] [3] [4] [5] [6] [7] [&]
B GE Gl Dionwn Up Qe on Gnd _O ~1LOAD ~RH0
— CLR ~CO
AB,CD parallel data inputs; (A-LSB and D-MSB)
Qa,Q8,Qc, Qb parallel outputs; (Qa-LSB and Qp-MSB) —p UP
—p DOWN
CLEAR clears the counter,
LOAD when active (low), the logic levels appearing
at A - D are propagated to the outputs Qa - Qp. ?4 I—S1 93N
CLK IS positive edge sensitive.
uUP Up Counter Clock Input
DOWN Down Counter Clock Input
~LOAD Data Load
CLR Clears The Counter
~BO Borrow Output

~CO Carry Output



Adders

1-Bit Half Adder

Symbol Truth Table
A A B SUM CARRY
B y =1 Sum 0 0 0 0
0 1 1 0
& }—carry | | 0 1 0
1 1 0 1
Boolean Expression: Sum=A&B Carmy=A.B
Full Adder
Symbol Truth Table
A, B C-in Sum C-out
0 0 0 0 0
; _ J,. =1 Sum 0 1 0 1 0
C-in 1 0 0 1 0
1 1 0 0 1
0 0 1 1 0
0 1 1 0 1
1 0 1 0 1
1 1 1 1 1
Boolean Expression: Sum=A & B & C-in
4-Bit Binary Adder
Ag — Ag = 15t 4-bit number
MSB By — B3 = 2nd 4-bit number LSB
I
c|” |=B I A FBII A |=B I ﬁ FB I 0
| Cou ﬁ.dier Cin [ 4 Cou hd;er Cin [ Cou nd:ier Cin [#—{ Cou ﬂdlzier A
Sil‘-.’l SLiFu'I Sklh’ SLlM
Qs Q. Q; Qo
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Multiplexer & De-Multiplexer

4-to-1 Channel Multiplexer (Mux)

Inverters
A —o""r/ o—— a

' o Sl
Analogue B —‘7'/:/“—‘ e ‘@“ Ar:? gate
Inputs ' 1 »Q A )
(3 —Q"’:/ o— -— f
I "OR" gate
O —Qr":/n_ B +
|
Q
Input  a — Control - C
select b — —
Addressing Input D N
b a Selected /
0 0 A
0 1 B
1 0 C
1 1 D

/ 1-to-4 Channel De-Multiplexer (DeMux) \
Inverters
o— A g

Common F . Data b _r[>_ "AND" gate
Input o » ¢ Outputs ¥
Fo N A
o— [ /
Output a —
Selected b — Control ! B
|/
Addressing Output } C
b a Selected —J
0 0 A ™,
0 1 B ) D
1 0 =
1 1 D

2

\
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LOGIC VOLTAGE LEVELS

5.0V — Input High level Voltage
Input Low level Voltage
AV T ] T f g Dutput High level Voltage
7 Output Low level Voltage
qov —E Lo L B Vi Threshold Voltage
3ov SBR[ b R
Trypical walues,
3.0V —— L b Arreraged over
: Families
aov L o mmel G L
2y — e B S I R VU I U I TR R TitT
L5V L L S s BT
1.0V —tmeees 0 b B ]
0oV L ]
0.0V —
CMOS TTL/CMOS TTL ETL LowV ETL GTL
AC-HC ACT-HCT F-5-A8 LV-LVC
AHC-C AHCT-FCT LSALS ALVC

L298N Dual Full Bridge Driver

/ I. TN E— CURRENT SENSING B
14 2 OUTPUT 4
'$‘ 13— OUTPUT 3
12 3 INPUTH4
(El — EMABLE B
10 ™ INPUT3
I LOGIC SUPPLY VOLTAGE Vsg
3 GND
I | INPUT 2
[ ENABLEA
INPUT 1
3 SUPPLY VOLTAGE Vg
[ OUTPUT 2
" ouTPUTH

— 2
\ |' CURRENT SENSING A

Z TAB CONNECTED TO PIM 8 DESINZ0A

Multiwatt15

= R W & th @ =] @




