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v Numbers à slide 3
v Logic à slide 9
v VLSI/ASIC/FPGA à slide 25
v Chip Design

q Transistors à slide 31
q Fab à slide 40

v CPU cores à slide 61
v Pipelines à slide 69
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Ordin
al

Power
of 2

Power 
of 10 Actual

1K 210 103 1024

1M 220 106 1,048,576

1G 230 109 1.074x109

1T 240 1012 1.0995x1012

Name 2n M/G Actual

byte 28 -- 256
short 216 64K 65,536

integer 232 4B 4.3x109

long 264 16 Q 1.84x1019

IPv6 2128 340 uD 3.4x1038

10^(+6)  million
10^(+9)  billion
10^(+12)  trillion
10^(+15)  quadrillion
10^(+18)  quintillion
10^(+21)  sexillion
10^(+24)  septillion
10^(+27)  octillion
10^(+30)  nonillion
10^(+33)  decillion
10^(+36)  undecillion
10^(+39)  duodecillion
10^(+42)  tredecillion
10^(+45)  quattuordecillion
10^(+48)  quindecillion
10^(+51)  sexdecillion
10^(+54)  septendecillion
10^(+57)  octodecillion
10^(+60)  novemdecillion
10^(+63)  vigintillion
10^(+100)  googol
10^(+303)  centillion
10^(10^(+100))  
googolplex

Gazillions

Powers of 2 <> 10:  10:3
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Computer Architecture
4-Layer Stack Model

Macro-arch

122

222

Instructions (Primitives)
Software Interface

Execution Units
v ALU, ICU, Reg

Low-level execution
v Pipelines, threads 
v scheduling
v branch prediction

System arch – Cores, caches

Architecture
Level

Below “see” level

PCB Board Chipsets, Chiplets and Sockets
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Macro-arch
Architecture

Level

Logic 
Function

Level

Device/Xtor
Physical

Level

SUB-levels

LSI: ICU/FSM

MSI: ALU/Reg

SSI: Random Logic

Inverter/Gates

Digital:  MOSFET 

Analog:  R/C, PLL

Below “see” level
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https://nostarch.com/download/MangaGuidetoMicroprocessors_sample_Chapter2.pdf

Manga Guide
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DeMorgan’s Law Manga Guide
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MOSFET

P

N

P

N SERIES

PARALLEL
NEGATIVE OR

POSITIVE AND
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2:1
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1/8

Log2 8
address

Address lines
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1/2n

Decoders
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(See the 1971 Am2505 2x4-bit multiplier 
slice, and my personal MS thesis.)
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Bit-slice 1971-80

8-bit x 8-bit multiply

2x4-bit slices

Drobman MS Thesis
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Non-Restoring Div
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vVLSI
q Fully Custom

Ø Building blocks:  Designer IP (all levels)
Ø Tools:  Licensed from EDA vendors

vASIC
q Semi Custom

Ø Building blocks:  Manufacturer IP
Ø Tools:  Provided by Mfr (ASIC vendor)

vFPGA
q Programmable Custom (SRAM)

Ø Building blocks:  logic gates (NAND, NOR)
Ø Tools:  Lab Programmers, software

Ø 3 options for chips
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vFPGA
q Field Programmable (SRAM based)

Ø Building blocks:  logic gates (NAND, NOR)
Ø Tools:  Lab Programmers, software

vPLD
q PLA

Ø AMD Mach family (merged with PAL)
q PAL

Ø MMI invented, bought by AMD
Ø AMD spun off as Vantis (bought by Lattice)

q CPLD
Ø Complex PLD
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FPGA

HDL

Intel
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Doping P & N
+ -
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IVIII V

P N
Holes Donor



COMP222

© Jeff Drobman
2020-23Silicon Semi

SiO2

Si
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BJT
PLANAR
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Device/Xtor
Physical

Level

Inverter/Gates

Digital:  MOSFET 

(see separate slide set Transistors)
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WikiSemi

Smallest feature size (e.g. 5nm)

Gate

Pitch (e.g.14nm)
Density (xtor/die)

Performance (Ft)

Vg = 5à3.3à1.8 V

© 2022 Dr Jeff Drobman – drjeff@drjeffsoftware.com



COMP222

© Jeff Drobman
2020-23CMOS Transistors

MOSFET

Last 4 steps
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Epitaxial layer
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vArchitectural
vFunctional
vMechanical
vElectrical (DC)
vTiming (AC)
vThermal (theta JA, JC, CA)
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yellow shows bad dice (a function of defect density)
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7 nm TSMC
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CMOS = P & N
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Ø It is all about the Gate
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1968 vIntel
vMicron**
vSamsung
vTSMC* (1st foundry)
vAMD, IBM à Global Foundries*
vChartered à Global Foundries*
vSMIC (China)

1980

1987

2010

2009

1978

*Pure Foundry
**Internal use only
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%Share

Source:  LA Times/SIA 1/22/22
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vFoundry (mfr)
q TSMC
q Samsung
q UMC
q GlobalFoundries (AMD)
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END

Chip  Designers

Manufacturer (Foundry)
Manufacturing Equip.

Teradyne

Applied 
Materials

Test Equip.

TSMC

Samsung

GF

Intel
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Chip Metal Layer

Metal Interconnect
Aluminum à Copper à Cobalt



COMP222

© Jeff Drobman
2020-23

Chip Metal Layer

Metal Interconnect
Aluminum à Copper à Cobalt
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Chip Packaging

Chip Packaging
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Chip Packaging

Chip Packaging
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Chip Packaging (MCM)
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CPU_state = Function(instruction, last_state)
FSM definition
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Registers
(32x32)

L1
D-cache

DATA
Store

ICU
ALU

Control Unit

L1
I-

cache

Instr
stream

EU

FPU

Optional EU

Execution
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AND

OR

ADD
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v Macro

v Microv Org + ISA

System=
Multi-core
SoC

CPU Core internals Pipeline level

Pipeline level

COMP122

COMP122/222

COMP222

v Floorplan
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Hardware Building Blocks
0- Transistors 1- Gates & FF’s

2-Single Functions Memory Cells

3-CPU 3-Multi-core CPU
Decoder

Mux
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CPU cores

GPU cores
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Mobile & Laptop
(battery power)

P

E

Efficiency (Power)

Desktop
(Server)

P

Performance
Low Freq (2 GHz)

High Freq (4-5 GHz)

Clock domains

BIG

LITTLE
(small cache)

(large cache)
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5 Stages

rinse soap Wash/Wax rinse dry

IF ID/OF EXEC Mem WB

Each stage takes only 1/5 of instruction cycle:  clock F => 5x

ß Setup  à ß Finish  àßWorkà

ALU FPU Ld/St Br

AGU

queue finished

Execution Units
(EU’s)

Address Gen
§ Base + offset

R3ßR1+R2
R format

I format

Upper Lower
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WikiMIPS


