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The CPU and Computer System

Covers the computer’s CPU. Here, we bring all of the pieces of
the course together for an in-depth understanding of exactly what
the computer is doing In crder to run software and applications.
We start by exploring the Clock mechanism that is the computer's
engine and wind up with a holistic iew of a computer's operation.

2} Itnos Rondom Mco’AMemory GRAH}

11 Ithas o Contral Proceesng Uit |CRU).

Aw ()

3l tnos Irgut 000 Outp;

T T = Qe
el a}:ﬁf

Copyright © 2024-2026 www.Automated\Word.com

Analysis of the Binary Ripple Counter (The 74163)

All Rights Reserved

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

“Digital parts work together in a circuit like people play their best parts in a community!”
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The ALU Register Loading Process

ALU_REGISTERS | System Address The ALU Register Loading Process

A1 A0
OPMOD1 OPMODO 1 This module will load the A or B Register from the System Data Bus. Or, it can set either
1 0 register to all 1's or clear all bits to 0's. When loading from the data bus, the bytes are
|_| Integer realigned according to OPMOD.
| OPMOD Dual 2x4 74139 F130 gns I REGCLR REGSET
e Decoder B p— |
0 0 = Operand 74139 S t ZEN 2Y3 B, T ]
01= Byte £130 e 2Y2 Timing
[10=ShortInt| —7EN 1Y3 L_>so 2Y1
11 = Integer ®1Y1 251 2Y0 —
L 1S0 * 1 - e
| 151 V[ st f———J> il Lo Faase |*4 I
REGLOAD ——— 1Y0 T ez T = j) Yy ¥
Fo4 5ns o 23 J—- oE 22 J—- o Z1 i Tk i |
. Operand 74244 74244 74244
LEA Timing ¢ D3 OE[— D31
° Bus 3 I 74244 5
Bus 2 D2
. 74244 pas
D16
Bus 1 D1 OF
D15
. AN 74244 D8
Bus 0 Do % E
74244
? Do
System
& L2 E L &b g " I |__142“ | |_"2“‘ | I__Z““ | |__1‘2“ |
|A3 LzI |A2 Lzl |A1 LE| |A0 LE| |L B3 | |L B2 | |L B | |L B0 | peiCan ‘iE C3of [EC20] [ee Ot Data
74373 74373 74373 74373 74373 74373 74373 74373
A31 A24  A23 A16  A15 A8 A7 A0 B31 B24 B23 B16  B15 B8 87 BO —D
A Register (TheABus) B Register (TheBBus)
The content of the A Register and B Register are fed as operand pairs
(A operand and B operand) to all ALU functions through the A and B busses. BDEE_Secton04_Page02!
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The ALU Accumulator Unloading Process

ALU_ACCUMULATOR :
| Siystom Addross The Accumulator Unloading Process
OPMOD1 OPMODO 1 This module will unload the Accumulgtor Bus onto thz'a Systfem E?ata Qus by translating the bytes
1 0 to the proper data bus channels according to OPMOD in conjunction with the System Address Bus
|_l Integer pins A0 and A1 when they are needed.
| OPMOD Dual 2x4 74439 F139 8ns
N ———— Decoder B p— | &
0 0 = Operand 74439 12 = 2EN 2Y3 D{D
0 1 - Byte F13¢ 8ns 2Y2 Timing
10=ShortInt| —l7EN 1Y3 —]os0 2Y1
11 = Integer @ 1Y1 251 2Y0 e
L 1S0
| 191 Y2 —stt ) J 7421
1Y0 m F32 6ns 2t/
288588 A FO4 5ns
AUNLOAD | Operand _ h
Timing 5 o Bus 3 D31
. c24 N ’ D24
ALU Functions...
o5 % p2 Bus 2 ) D23
CSTORA N\ 74244 D16
=T ] ) STOREA ALU_STOREA c16
) STOREB ALU STOREB c31 cis O p1 Bus 1 D15
| c;a 74244 D8
ADDSTORE ALU ADDSTORE
- & 9% po Bus 0 D7
—e N SUBSTORE ALU_SUBSTORE 74244 Do
opcooez —ja & Ss— - £ =
OPCODE1 —|A1 go S4 — 74244 74244 74244 74244 System
oPCODE0 —|a0 NOTSTORE ALU_NOTSTORE o Cou| |oE coa| |oE coa| |oE C1a Data
1 ]
AwostoRe  ALU_ANDSTORE I
omsToRE  ALU_ORSTORE —D
XORSTORE ALU_XORSTORE
BDEE_Section04_Page03g
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Engineering (Subtraction & Register Storing)

Engineering (Subtraction & Register Storing)

ALU_REGSTORE

ALU_SUBSTORE | Worst Case (8Chips)=85ns | -
Propagation Delay ~ Using 'LS283s 2El The B Bus
T™WO ™o TYPICAL POWER NOTE: All A is Inverted
88IT 16-8IT DISSIPATION components s0[=] through six
,‘ TYPE  WORDS  WORDS PER ADDER =1 7404s with
can be made Aole] four gates
283 23ns _43ns 310 mW with 74'LS TTL  eo] unused
‘5283 25ns  [45ms ) So.me chip version o[} '
5283 15ns 30ns 510 mwW P 8: =
GND =~
7404 7404
B31 83
827 o z 74283 e = 74283
826 82 0. B2
= o Cout as0 — a2 e BEA8
w8 = o8 829 8t L =3
a2s — a1 T
824 o p2sy %0 o N 20
A24 — A0 S0 A28 —— AD S0 3 c28
Cin Gin — A Y car
I— — £ c26
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—a A23 A3 i
oy = - A aak SUBSTORE
Cout u
A8 A2 A22 — A2 ——
817 81 s3 821 x 81 OE1 OE2
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816 80 81 820 —{>0———{e0 o N c21
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r_- |r—— t c18
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| c16
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I— c10
| p— cs
| ca
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Engineering (The Three Fundamental Logic Gate Functions)

Engineering (The Three Fundamental Logic Gate Functions)
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All components can be
made with 74'LS TTL
chip versions.
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A More Advanced 4 Megabyte Memory Module

RAM_Module (petail) > ~ & .
= | Engineering a Memory Module with a 32-Bit Data Path
. High-Order Low-Order
Control and 24-Bit Address oy _BBitData o, BBitData Lo BBitData __8-BitData
= T T T A A, (T I T o o (R RN
RIW F32 6ns . .
SLATCH F32 6ns oe These signal lines are connected = . L
WE to each of the 8 RAM chips PEA
FOO 6ns DR B 1— DIR B I_ DR B I_ DIR B
ERAM ] DIR
Fooens | Fossns E This signal also tied to the OE(s) of the two '244(s) (not shown here)
OPMOD1 OPMODO
Integer Vee
|-| |—| —) —— Wi
OPMOD g:i;ﬁ’;‘: i 74139 Fix s i & 03
0 0 = Operand - 1EN 1Y3 36ns
- 74180 e 12, [s2x,
01= Byte Byte 1Y2 _EAM
10 = Short Int 1EN 1Y3 151 Y1 | )——qcE 02
11 = Integer @1v1 gl | i b1
Short Int
| L 150 qyo nor T Ram*
181 ) D *~—r
1 YO =1 F32 6ns 7421 512K
e ‘\ns s A RAMD
Module ) ) ] [ )—d= oo
Configuration | 2EN 2Y0 Operand o
281 2Y1 —| Address R 1
“ON— — ow
2Y2 Control
J_— 2S0 2v3
A3 A2 AT A0 gQf—,
7485 LS85 24ns These 19 address lines
F85 14ns fed to all 8 RAM chips
B3 B2 B1 BO 4-Bit
Magnitude
Comparator
A23 A22 A21 A20 A2 A1 AD Copyright © 202¢20253:[fif§fma:imz.com.aungnu reserved
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A Practical Introduction to Flip-Flops (The 7474)

A Practical Introduction to Flip-Flops (The 7474)

D-Type Flip-Flop
Positive Edge Triggered
with Set and Reset

SET

45V 2CR 2D 20K 25ET 2@ 2Q
. HE & E B E
lip-Flops: —— .
Rule No.1 gy S U

Flip-Flops and Latches
power up in the Reset

state. This means that | S
Pressed  Pressed  Pressed  the Qoutputis = 0 and T
= e gy Q-compliment output=1. l_l l:l |:| I:l l:l ISI I:l
L L = = =
ICR 1D 1CK 1SET 1Q  1Q GND
T
Rule No.2 7474 pual D-Type Flip-Flop
—Q Set and Reset must L %
not be activated at the Positive Edge Triggered
Clock same time. with Preset and Clear
—a
S Clocked in Circuit
! ! !
D— g — RST SET RST SET
_r—l_r— J—OA1 J_ - J-OA1 L :
n 1—po_ a"1_o o—p & _r1
0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 0
Clock Generator S, L, A A, A, L S, S S B B B
Less <4 MHz '|O|' glock
utput
Count-Down 1 '
Circuit Count-Up | |
_I Circuit \ | ‘ ;
ng — [ Vol— o 7] } | | | | | | | | | 10
2 LT P n
V= |
b = |
Q | [ ' ‘ }
_ | ‘ ‘
b SEREE ,L | -
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1 I | | { | | | ! I
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Analysis of the Binary Ripple Counter (The 74163)

Analysis of the Binary Ripple Counter (The 74163)

Clock Generator
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Engineering the CPU (Constructing the Engine)

CPU_ENGINE - - , , _
= Engineering The CPU (Constructing the Engine) Ingiructions { Second

Cycle 1 Cycle 2

Cycle 1: 156ns
Cycle 2: 108ns

264ns
Qo
Q1 I_,_,_,_I 1T T i T
Q2 I _ AT TTT T T TT e
Qa1 L L i - L L
4-Input L — —
C-NAND 0 | ons] 1z on " 0 e R 0 18ns|___12ns| ons Qs ©
_ neut =5 T - _ =
Eﬁ:h L C"‘TANU 7 o Latch 7 o An Instruction
Start Signal Start Start is initiated
al al
Signal . Signal Data Wtk Signal Instr NOTE
(’)‘;cTe — Cscle S?gﬁal Cycle Below is a negative logic gating
- 14| t8as]  t2ns| ons structure that is part of the Instruction
il w__r Vee decoding process in order for the
I Internal T 1K e el Engine to determine if the current
i Instruction Cycle Stopped _[® L Instruction is a single or double cycle.
= Running Number Latched = <

g J it lg" e _ 1 Single OPCODE3
a Data Cycle ) Step OPCODE2
1K
Clock Generator - %m e %wx « |OFF i | OPCODE1
80/85 MHz B E 1 = | OPCODED
-Iol- Approximate E B = QQaQ —+—DQ_I§ I
12ns Cycle 80 I —1 T 1K
= | 7485 ] ) © 1
. RSt SET Lo " | =
Al ag > Dl— Vee _<:(:| —OC——q
AD e =
Q Q —
Vee T KD _G—I T4F20
: ]
1K Vee {——q
Vee B3
82 e ® 1K — | — oPMOD1
Bi RST SET ] — OPMODO
1K B0 —D: D |_ . —
— = |, 7485 [ aa J e °C
ENP p T4F20
ENT Q: a2 l
[0AD Qo :n; A=B ey JE—
D3 —_— Latch [ 74F20 —— °C_ CSTORA
02 TR { | Signal CSTORB
bl 74163 S |
o FINSTR
= - A [>o LC’:_' L— Instr Cycle — EDATA
o 7485 Data Cycle — SLATGH
i® 82 - Finish SEINISH
S ae [ o—Eina SFNSH
50 NOTE: All chips are '74F series  All Flip-Flops are 74F74s, BDEE_Section04 Page05 x
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Engineering the CPU (The Instruction Registers)

CPU_REGISTERS | : : he CPU : .
= Engineering The CPU (The Instruction Registers)
< T
1l L1 Ll L1 [N |||
T = T e et 4
Instruction CLEAR Q CLEAR Q CLEAR Q CLEAR Q CLEAR Q CLEAR Q
C 74163 4 74163 74163 74163 74163 4 74163 <J—
ounter ___ I B s P ___ .
OE ioan D OE ioap D OE toab D OE toab D oE ioan D oE ioap D
= = = < = L
NoTE | | | | |
ENP and ENT inputs -
to all 74163s are tied L | _—— = |
high with 1K ohm. ] ——
OPCODE3 ————eeeeooooo—
OPCODE2 HHHHL‘HH
OPCODE1 298
OPCODEO HL‘HH Y
¢ 4
OPTIER1 HL‘k\
OPTIERO
1 OPCODE
| | Register
Q Q Q Q Operand
74374 74374 74374 74374 Register
PN OE D A OF D Al loE D Al |32 D A System
T | I I s Data
cIump b3
__D D24
D23
D16
FINSTR ] >_' —D_ D15
FDATA D8
SLATCH D7
RIS The Instruction Register COEE Sectonns Paceds s 5
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