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4 Forces in Nature

E&M

quantum

Gravity
Mechanical

Optical
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v1947- Bipolar point/junction
v1959- Planar bipolar [10]*
v1964- MOS (P-channel) [100]
v1972- MOS (N-channel) [1,000]
v1978- CMOS [4,000]
v1990- sub-micron [10,000]
v2000- 100 nm [100,000]
v2011- FinFET [1,000,000]
v2022- 5nm [50,000,000,000]

1947 ushered in the era of 
Microelectronics

Transistors have been shrunk
every 2 years according to 
Moore’s Law

size = ~1 inch

v size = 10 nm = 4x10-7 inches
v yields à ~1M devices per cm2*no. of transistors
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Atoms in 7nm

Silicon atomic radius = .111nm à 4.5 atoms/nm 

Cubic:  91*450 = 40,950 atoms/channel 

Channel volume @5n:  5x5x18 = 450 cu nm

Cubic:  4.53 = 91 atoms/cu nm
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PLANARBJT
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v Current flows opposite electrons (C->E, S->D)
v B, G are inputs (H/L)
v B, G voltages turn transistor ON/OFF
v Outputs (not shown) are tied to C, D

v Faster
v Larger
v More power

v Slower
v Smaller
v Less power

Schematics
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WikiSemi

Smallest feature size (e.g. 5nm)

Near Gate

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

Performance (Ft)

Vg = 5à3.3à1.8 V
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1940 1950 1960 1970 1980 1990 2000 2010 2020

IC

Transistor

LEGEND

TIMELINE

Transistor

ROM

MROM

IC

DRAM

RAM

MPU

Discrete SSIà MSI LSI VLSI ULSI Mega

PROM

EPROM

EEPROMSRAM

Flash
EEPROM

Bipolar TTL MOS CMOS 3.3Và1.8V CMOS
Fairchild Intel

AMD ASIC

FPGA Xilinx

LSI Logic

Fairchild
TI Intel

No. Transistors 10à100 1000 100K 1M 1B
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TTL compatible 5V à 3V

vBipolar
Ø RTLàDTLàTTL  à Schottky TTLà LS TTL

vMOS
Ø PMOSàNMOS à CMOS

SOURCE DRAIN

GATE

SUBSTRATE (VSS)

OXIDE (SiO2)

P/N channel

MOSFET

BiCMOS

5V à 3V

5V

1960 1965 1970 1975 1980 1985 1990

à CMOS (TTL I/O)à 3.3V 
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Fairchild 1961
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Fairchild 1961

4T
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Discretes R/T

Discrete Transistors
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MSI/LSI IC’s
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LSI IC’s
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VLSI IC’s
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1981

CPU

PIC

FPU
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v Transistor invented (Bell Labs’ Bardeen, Brattain, Shockley) - point contact form
v Bipolar junction transistor (BJT) invented by Wm Shockley
v Shockley Semiconductor Laboratory founded as a division of Beckman Instruments

Ø Shockley hires his PhD students Robert Noyce, Gordon Moore, et al.

v "Traitorous 8" leave Shockley Labs, found Fairchild Semiconductor
v TI– Jack Kilby tests the world’s first integrated circuit (Sgl-transistor oscillator on germanium)
v Jean Hoerni of Fairchild demos his "planar process" (world first)

Ø Bob Noyce documents a method for building ICs using that planar process
v Fairchild group makes first IC

Ø [Courts and the tech community decided to give equal rights to the invention of the IC to both Kilby and Noyce]
v MOS (linear) invented: first MOSFET amplifier demonstrated
v standard logic families are introduced using DTL and TTL structures
v CMOS process was invented by Fairchild Semiconductor in a 1963 paper and patent
v MOS (digital)– 1st products released by General Microelectronics for a calculator chipset
v Linear IC’s– 1st analog ICs introduced by Fairchild Semiconductor
v Moore's Law born - Gordon Moore publishes his first version
v CMOS– 1st parts by RCA
v ROM– 1st Semiconductor
v DIP packages
v RAM-- Bipolar RAMs (SRAM) introduced
v DRAM– IBM conceives DRAM cell (1T, 1C)
v CMOS SRAM– 1st parts by RCA

Fairchild 1957

1956

1951

1947

1959

1964

1966

Mar

trans

IC
1960May

1963

1965Apr

1968

1947-68

MOS

RAM

MILESTONES

https://en.wikipedia.org/wiki/Beckman_Instruments
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v Intel founded 
v AMD founded

1972

1971

1969

1968

1978

2002

2019

ASIC

1987

2011

2020

1968-2011

v Microprocessor & RAM in MOS invented by Intel (i4004/i8008, i1101/3)
v Ion Implantation (replaces chemical diffusion)
v Digital Watch IC invented
v Wafer stepper invented for fabs
v IDT founded (CMOS)
v LSI Logic founded (ASIC)
v Xilinx makes 1st FPGA, MIPS founded as early RISC pioneer (licenses LSI & IDT)
v ARM founded as Acorn RISC Machines
v Toshiba intro’s Flash EEPROM, TSMC founded (foundry)
v Nvidia founded (1993) – 1st GPU’s (1998)
v Intel goes to 300mm (12in) wafers
v AMD spins off fabs to Global Foundries (owner Abu Dhabi)
v Intel FinFET

v Intel intro’s 1st QC chip (“Horse Ridge”)
v ARM intro’s “backside power” process

MPU

1974

1979

1981

FPGA 1984

Dec

2009

1998GPU

Mfg -- process

Mfg -- process

Mfg -- process

Mfg -- process

Mfg -- process

Mfg -- process

MILESTONES

Mfg -- process

Mfg -- processFlash
1985
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NEW
&

OLD

Missing:
v IC fathers
v Internet fathers
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https://computerhistory.org/blog/beckman-shockley-
and-the-60th-anniversary-of-the-birth-of-silicon-valley
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None would have the same lasting impact on the 
fortunes of the future Silicon Valley and beyond as Dr. 
Arnold Beckman’s disclosure of an agreement signed 
the previous day for “the establishment in the 
Stanford community of the Shockley Semiconductor 
Laboratory to develop and produce transistors and 
other semiconductor devices.”
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The Legend 
It has long been legendary that companies in Silicon 
Valley got started in garages and beach houses, 
and I am setting the record straight: It is true. Apple 
was started in Steve Wozniak's garage, when friend 
Steve Jobs came by and saw his hobby computer. 
Advanced Micro Devices (AMD) got its start in 
founding president Jerry Sanders' rented Malibu 
beach house, on a chilly December evening in 1968 
– though the house was heated considerably by 
those entrepreneurial fires. AMD was incorporated 5 
months later (May 1969). 
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Fairchild

Intel AMD National

IDT Cypress SpansionVantis

Sun Power

2003

HP TI
CMOS

1974
Zilog

Federico Faggin
Bernard Peuto

Z80

David LawsTJ RodgersJohn Carey*

Bob Noyce*
Gordon Moore

Jerry  Sanders III

Wm Shockley*

Charlie Sporck*

19691968 1959/67

1980

1982

2006

Shockley
Brattain
Bardeen

Transistor

IC

Fujitsu

1981
Wilf CorriganMPU

DRAM

Flash EEPROM
Maxim

Jack  Gifford*

1983

1968
C Lester Hogan*
Wilf Corrigan

TJ Rodgers

Henry Samueli
Henry Nicholas II

George Scalise

ASIC

PAL

MOS

Linear/
Analog2900/29K MPUs

1957

LSI Logic

1961

Bob Noyce*
Gordon Moore

Linear Tech 1981

PMC-Sierra 1984

Exar

Cirrus
Logic

SIA

Analog

TI

Mostek Cypress

LJ Sevin

1984

1974

54/74 Logic
Calculators
Watches
DSPDRAM

Micron
SRAM1972

Genesis  of Silicon Valley
The Begats & Bygones

Motorola

ON Semi Freescale

2000 2005

MPUs
DRAM
Logic

Back in Arizona … Back in Texas …
Much later in SoCal …

Pairgain

Broadcom

1990

1995

Meanwhile…

Signetics

Bell Labs
1947

1996-99
SRAM

Fairchild

Shockley Semi

1971

1984

Intersil

1956

Bipolar MPUs

NXP Avago
2015 2015

Lattice

Schlumberger

2014Avago

Microsemi

Analog Devices

RIP 2009

Dallas SC
Vin Prothro

Maxim

Legend—
Parents
Acquirers
*deceased

TI

Sperry Rand Philips
NXP

Renesas
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Don Hoefler

https://www.eetimes.com/the-new-silicon-frontier-chapter-4-startup-
fever-and-venture-capital/

https://www.eetimes.com/the-new-silicon-frontier-chapter-4-startup-fever-and-venture-capital/
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Local watering holes, restaurants and other hot 
spots provided venues for Silicon Valley's "work 
hard, play hard" ethos, where industry folk 
gathered after work to drink, gossip, brag, trade 
war stories, talk shop, exchange ideas, change 
jobs and develop new contacts. Key venues 
included the Wagon Wheel, Lion & Compass, 
and Ricky's, along with the Peppermill and the 
Sunnyvale Hilton.
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By always ensuring any bill of materials 
included at least one TTL part that
was only available from it, Texas Instruments 
was able to stay one step
ahead of the competition and own the T'TL 
market for the best part of 30
years, until standard logic eventually fell 
victim to the 1980s application-
specific IC revolution.
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Hogan/Wilf/Sanders

Sporck à National
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Jack Gifford

Jerry Sanders

Bob Noyce

Wilf Corrigan

Gordon Moore

Wm Shockley

Fairchild founders (8)

In 1983, Gifford co-
founded Maxim Integrated 
Products

AMD co-
founder

Fairchild 
Chairman/CEO,
LSI Logic 
founder

Cypress Semi founder

Bell Labs

https://en.wikipedia.org/wiki/Maxim_Integrated_Products
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1968

L to R:
Andy Grove
Bob Noyce
Gordon Moore

Founders:
Bob Noyce
Gordon Moore
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2018
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1969
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Motorola was a major chip company, having pioneered in 
digital logic and microprocessors such as the 6800/68000 and 
PPC. but Motorola no longer exists. it was first split into 2 
companies: Motorola Solutions and Motorola Mobility, in 2011 
(sold to Google in 2012, then to Lenovo in 2014). that was 
after the chip business was split up: ON Semi in 1999, and then 
Freescale in 2004, which was then sold to NXP Semi (Philips) in 
2015. 

from Wikipedia:
Motorola, Inc. (/ˌmoʊtəˈroʊlə/[2]) was an 
American multinational telecommunications company founded 
on September 25, 1928, based in Schaumburg, Illinois. After 
having lost $4.3 billion from 2007 to 2009, the company 
demerged into two independent public companies, Motorola 
Mobility and Motorola Solutions on January 4, 
2011.[3] Motorola Inc. was renamed Motorola Solutions and is 
legally the direct successor to the original company after the 
demerger from Motorola Mobility.[4][5] Motorola Mobility was 
sold to Google in 2012, and acquired 
by Chinese company Lenovo in 2014

https://en.wikipedia.org/wiki/Help:IPA/English
https://en.wikipedia.org/wiki/Motorola
https://en.wikipedia.org/wiki/Multinational_corporation
https://en.wikipedia.org/wiki/Telecommunication
https://en.wikipedia.org/wiki/Schaumburg,_Illinois
https://en.wikipedia.org/wiki/Motorola_Mobility
https://en.wikipedia.org/wiki/Motorola_Solutions
https://en.wikipedia.org/wiki/Motorola
https://en.wikipedia.org/wiki/Motorola
https://en.wikipedia.org/wiki/Motorola
https://en.wikipedia.org/wiki/Google
https://en.wikipedia.org/wiki/China
https://en.wikipedia.org/wiki/Lenovo
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1972
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© 2022 Dr Jeff Drobman – drjeff@drjeffsoftware.com

1971 DIP

1st MPU 4-bit 1st DRAM 1K x1

1971 1970

World’s 1st MPU & DRAM
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© 2022 Dr Jeff Drobman – drjeff@drjeffsoftware.com

1971 DIP

World’s 1st 8-bit MPU
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© 2022 Dr Jeff Drobman – drjeff@drjeffsoftware.com

World’s 1st 4/8-bit MPU’s
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Die Size Matters

World’s 1st 4/8-bit MPU’s
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Wikipedia
AMD 8080 clone (Am9080)

AMD Am9511 FPU)
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v Improved i8080 (dual register bank, for one)
v Spinoff of Intel (Federico Faggin, Bernard Peuto, et al.
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Am9511/12 From AMD datasheet

Single & Double precision Floating-point with transcendentals
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Am9511/12 From AMD datasheet

Single & Double precision Floating-point with transcendentals



Jeff Drobman
©2016-23AMD FPU Interface

Am9511/12 From AMD datasheet

8080 MPU

9511 FPU
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Am9511/12 From AMD datasheet
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Am9511/12 From AMD datasheet
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Am9511/12 From AMD datasheet
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Am9511/12 From AMD datasheet
Zero?

Exponent

Mantissa
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WikiSemi
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WikiSemi
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©2016-18 Jeff Drobmani8086 History

WikiSemi
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1st 16-bit MPU 1978
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© 2022 Dr Jeff Drobman – drjeff@drjeffsoftware.com

World’s 1st 16-bit MPU

x86

WikiSemi

ROM
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© 2022 Dr Jeff Drobman – drjeff@drjeffsoftware.com

x86
WikiSemi

World’s 1st 16-bit MPU
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MPU

MPU MCU

MCUMPU

MPU MCU

i8008, 6800

8-bit

16-bit

32/64-bit

i8048, i8051, PICi8085, Z80, 6502

i80n86, 68000, Z8000 Z8, PIC

29K, i960, ARM, PIC

1972

1975

1978

1985
Pentiums, MIPS
PowerPC, SPARC

Microprocessors
For
COMPUTING

Microcontrollers
For
CONTROL

RISC

CISC

Bit-slice Am2900



Jeff Drobman
©2016-23MosTech 6502

Used in the Apple II
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Apple II in 1977 CISC
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Apple II in 1977CISC
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Apple II in 1977CISC

PSW
ACC

Index

uPgm
ROM

ICU

IR

INT

PC

ALU

SP

16-bit Address bus

Data bus

A

B

Clock
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M68020

NS16032

MPU Generations

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

TIMELINE

i8008

MT6502

M6800

Z80

Google TPU

Gen 1:  8-bit Gen 2: 16-bit Gen 5: GPU

i8086

M68000

PIC16

i8085i8080

RISC

Gen 3: 32-bit Gen 4: 64-bit

Sig2650

RCA1802

Z8000

RISC I/II

i286

MIPS 
R2000

i386

Z80000

SPARC

ARM

MIPS 
R3000

i960

i486

MIPS 
R4000

PPC

i586
Pentium

64-bit

K5
AMD

SPARC 64-bit

P-II

K6

DEC 
Alpha

P-III

Athlon

P-4

P-M

Opteron

Athlon
64/X2 64-bit

Multi-core

Core 
2

Core 
i7

Xeon

Ryzen

CISC

NV20
Nvidia

R300
ATI (AMD)

6000M
AMD

Tegra
Nvidia

ARM 
Mali

Adreno
Qualcomm

ARMv8
ARM6
Apple

29K

64-bit

0.5 2-3 5-8MHz 16 10025 200 400 1G 2G 3G 4G 5G GHz
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1980
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ARM+Apple+VLSI

ARM History

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020

Acorn RISC Machine

Acorn Computer Advanced RISC Machines

CPU design

Company

Legend

ARM Holding Softbank ARM

ARM Cortex
A
R
M

78 83

92

98
IPO

16 2390

ARMv8

11

ARM6

ARMv7
03

ISA

IPO
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1985

1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

ARM ARMv8ARM6 ARMv7
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vMicroprocessor History
Ø 1971-85:  CISC (8/16-bit)

² Intel i4004 (4-bit)
² Intel i8008 (8-bit) à i8080 à i8085, Z80 à i8086 (16-bit) à “x86”
² Motorola 6800 (8-bit) à 6502 à 68000 (16-bit)
² IBM PC  used i8088 (8/16-bit) in 1981 à i80n86 (“x86”) à Pentiums

Ø 1985-2000:  RISC – (32/64-bit)
² SPARC* (UC Berkeleyà Sun/Oracle)
² MIPS* (Stanford)
² PowerPC (Motorola/IBM)
² AMD 29K
² Intel i960
² ARM*
*still exist

CISC vs RISC:
Complex/Reduced Instruction Set Architecture

(now RISC)



Jeff Drobman
©2016-23CISC Instruction Cycle

MCS-8
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MCS-8

RUN STALL

RISC

CISC
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RISC:
Reduced Instruction Set Architecture

vKey Architecture of RISC
Ø Reduced ISA:  small set of instructions (minor)
Ø Fast execution:  single cycle only
Ø Reduced impact of memory

² No microprogram (key change)
§ Instructions scale to vertical microinstructions (single-cycle)
§ eliminates ~30% chip area

² LOAD-STORE (only) memory references
² Full general register sets
² Cache memory

§ On-chip
§ Multi-level 
§ Harvard architecture – separate I and D

Ø Pipelining
² 4 or 5 stages
² Interlocks

§ Hardware (SPARC, 29K)
§ Software (MIPS):  compiler manages pipeline scheduling
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I-dec/Op-fetch

I fetch

ALU execution

Write-back

Hardware Interlock
or
Delay Slot (NOP)
(for LOAD, BR)

Instructions

Data
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I-dec/Op-fetch

I fetch

ALU execution

Write-back

Hardware Interlock
or
Delay Slot (NOP)
(for LOAD, BR)

Instructions

Data

I+D fetch Execute

I+D fetch Execute

I+D fetch Execute

CISC Pipeline

RISC Pipeline

One cycle

One cycle

4-stage

2-stage

ExecuteI+D fetch I+D fetch Execute

Non pipelined

One cycle

I8008/M6800

i8088/M68000

R3000/SPARC/i960/29K/PPC
4-8 cycles per I

2-4 cycles per I

1 cycle per I
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TI
TMS

Intel
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1980MCS-51
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EPROM
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EU Data
GR / SFR

Code
ROM I/O

8/16/32-bit

INT

All on one cheap chip

Ø No Cache
Ø No External RAM

BASIC MODEL

SRAM
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MCU = 12x MPU
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Microprocessors
For
COMPUTING

Microcontrollers
For
CONTROL

v All 32/64-bit CPUs
v Large data processing 

applications
u Employee records
u Accounting
u Payroll

v Operating systems (OS)
v “Apps” (applications)

u PC/Mac
u Mobile (phones, tablets)
u Web apps
u Cloud apps (SaaS)

v Small embedded control applications (8-bit MCU)
u Appliances
u Disk controllers
u Remote controllers
u Garage/gate openers

v Medium embedded control (16-bit MCU)
u User devices (iPods, phones, etc.)
u Car/Airplane engine control
u Car/Airplane braking & safety
u Car transmission control
u Home Automation (HAN)

v Large embedded control (32/64-bit MCU)
u Car/Airplane entertainment
u Car/Airplane navigation, systems management
u Printers (MF)
u Communications gear (WiFi, cable TV boxes)Focus is Memory

for large Data Files

Focus is I/O – InterruptsLarge DRAM, Disk, Flash

² Tiny
² Low power
² Low cost

² Real-time
² All-in-one
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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Microprocessor History

Wikipedia
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1975-85Bit-slice
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1985-88Bit-slice



Jeff Drobman
©2016-23Am29K

Berkeley RISC (Patterson)

Register Windows
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Register Windows

Condition Codes = Flags
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1988 1991-2 1994-5
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29050 à K5 (x86 Pentium)
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Forerunner of i960
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XScale is a microarchitecture for central processing units initially designed 
by Intel implementing the ARM architecture (version 5) instruction set. 
XScale comprises several distinct families: IXP, IXC, IOP, PXA and CE (see 
more below), with some later models designed as system-on-a-chip (SoC). 
Intel sold the PXA family to Marvell Technology Group in June 
2006.[1] Marvell then extended the brand to include processors with 
other microarchitectures, like ARM's Cortex.

The XScale architecture is based on the ARMv5TE ISA without the floating-
point instructions. XScale uses a seven-stage integer and an eight-stage
memory super-pipelined microarchitecture. It is the successor to the 
Intel StrongARM line of microprocessors and microcontrollers, which Intel 
acquired from DEC's Digital Semiconductor division as part of a settlement 
of a lawsuit between the two companies. Intel used the StrongARM to 
replace its ailing line of outdated RISC processors, the i860 and i960

All the generations of XScale are 32-bit ARMv5TE processors 
manufactured with a 0.18 μm or 0.13 μm (as in IXP43x parts) process and 
have a 32 KB data cache and a 32 KB instruction cache.

https://en.wikipedia.org/wiki/Microarchitecture
https://en.wikipedia.org/wiki/Central_processing_unit
https://en.wikipedia.org/wiki/Intel
https://en.wikipedia.org/wiki/ARM_architecture
https://en.wikipedia.org/wiki/Instruction_set
https://en.wikipedia.org/wiki/System_on_a_chip
https://en.wikipedia.org/wiki/Marvell_Technology_Group
https://en.wikipedia.org/wiki/XScale
https://en.wikipedia.org/wiki/Microarchitecture
https://en.wikipedia.org/wiki/ARM_Holdings
https://en.wikipedia.org/wiki/Cortex-A
https://en.wikipedia.org/wiki/Instruction_Set
https://en.wikipedia.org/wiki/Floating-point
https://en.wikipedia.org/wiki/Instruction_pipeline
https://en.wikipedia.org/wiki/Microarchitecture
https://en.wikipedia.org/wiki/StrongARM
https://en.wikipedia.org/wiki/Microprocessor
https://en.wikipedia.org/wiki/Microcontroller
https://en.wikipedia.org/wiki/Digital_Equipment_Corporation
https://en.wikipedia.org/wiki/RISC
https://en.wikipedia.org/wiki/Intel_i860
https://en.wikipedia.org/wiki/Intel_i960
https://en.wikipedia.org/wiki/Kilobyte
https://en.wikipedia.org/wiki/CPU_cache


Jeff Drobman
©2016-23ISA

vMIPS I (32-bit) [R2000/3000]

vMIPS32 (32-bit, MARS)

vMIPS III (64-bit) [R4000]

vMIPS64 (64-bit)
Ø Superset of 32-bit ISA
Ø Adds 64-bit ops (“Double”)
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Wiki
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R4000:  1st 64-bit CPU à super-pipelined (8 stages)

R3000:  32-bit CPU à pipelined (5 stages)
Wiki
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CPU FPU

MIPSHennessy & Patterson
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32-bit 64-bit



Jeff Drobman
©2016-23MIPS

Wiki

R4700
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11 Tera FLOPS

vCPU cores
q 4 Hi Perf (20W)
q 4 Hi Efficiency

(1.3W low power)

vCores
q 8 CPU
q 8 GPU
q 16 NPU
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Market Segment AMD Intel

Desktop Ryzen 4K/Athlon 3K Core i7/i9
(10th gen)

Laptop Ryzen 4000 Ice Lake

Gaming Ryzen Threadripper
+Radeon Core Extreme

Server/Workstn Epyc Xeon
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Sockets
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Sockets
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1 sq in
645 sq mm

1 inch
25.4 mm
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(see separate slide set Chips & Fabs)
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Jan 3, 1929 -- March 24, 2023
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# transistors
doubles
every 2 years

https://www.youtube.com/watch?v=ylgk3HEyZ_g
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v Original in 1965:  # Transistors will double every year (12 months)
v Moore revised his prediction in 1975:  double every 2 years (24 months)

àTHIS IS MOORE’S LAW
v Intel’s exec David House added CPU complexity would double every 18 months
v History shows # Transistors has doubled every –

q 2 years in logic
q 18 months in DRAM/SRAM

Looking Back
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v Chip design
q Transistors

§ SiGe
§ FinFET
§ JNT

q Chip stacks (3D hybrid)
§ Intel/Micron 3D Xpoint

q 3D
§ NAND Flash (EEPROM)

v Architecture
q Specialized hardware (GPU, APU, etc.)
q Reconfigurable hardware (FPGA)

v Thermal/Cooling
q Microfluidics (liquid cooling)

v Something completely diffferent
q Molecular computing
q Quantum computing

Looking Forward

“As Moore’s Law slows, we are being forced 
to make tough choices between Power, 
Performance and Cost.” (ARM)
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(see separate slide set Chips & Fabs)
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1968 v Intel
v Micron**
v Samsung
v TSMC* (1st foundry)
v AMD à Global Foundries*
v Chartered à Global Foundries*
v IBM à Global Foundries*
v SMIC* (China)

1980

1987

2010

2009

1978

*Pure Foundry
**Internal use only

2014
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AMD Sunnyvale Fab 1 1970

Intel’s latest Fab in Hillsboro

$1M

$10B

Cost x10,000 in 40 years
averages to 
250x per year
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300mm
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Intel Pentium
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Wiki
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Disk

DRAM

L1/L2 Cache

Code + Data + OS

SRAM
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MICROPROCESSOR MICROCONTROLLER

GP REGISTERS REGISTERS

D
CACHE

CODE
ROM*

DATA
RAM

DATA
ROM*

*ROM contents
must be
“programmed”
“burned”, or masked

STACK

I
CACHE

DRAM

L2-L3
CACHE

TLB

LARGE 
EXTERNAL
MEMORY

SMALL
INTERNAL
MEMORY

FILE REG

VIRTUAL
MEMORY

L1
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LO
AD

 -
ST

OR
E IN - OUT

DMA

P

M I/O

L1
L2
L3

Main 4GB

256MB

16MB
128KB

GR
Reg
(16/32)

src

dest

(L0)
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Multi-level Memory

I D

Instructions

ICU

Register File

Data

ALU R0
R1
:
RN

TIMING
(cycles)

+0

+1

CPU chip

Execution Unit

DRAM

SIZE
(bytes)

4(N+1)

8-64K

larger

smaller

x10-100

faster

slower

1-4G

256G
DISK

(SSD = “flash”)

“Harvard”

Unified
RAM
(I/D)

+100

+1000

L1 cache
SRAM



Jeff Drobman
©2016-23RAM/ROM (x8) Chips

MCS-8
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1971Am3101
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MCS-8Pinout
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Am1103A 1971
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DRAM SRAM1T 4T
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Patterson & Hennessy
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v 1 transistor
v 1 cap (parasitic)
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ROM
vROM (masked)
vPROM
vEPROM
vEEPROM
vFlash E2
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Flash memory is an electronic non-volatile computer memory storage 
medium that can be electrically erased and reprogrammed. The two main types 
of flash memory, NOR flash and NAND flash, are named for 
the NOR and NAND logic gates. Both use the same cell design, consisting 
of floating gate MOSFETs. They differ at the circuit level depending on whether 
the state of the bit line or word lines is pulled high or low: in NAND flash, the 
relationship between the bit line and the word lines resembles a NAND gate; in 
NOR flash, it resembles a NOR gate.
Flash memory, a type of floating-gate memory, was invented at Toshiba in 1980
and is based on EEPROM technology. Toshiba began marketing flash memory 
in 1987.[1] EPROMs had to be erased completely before they could be 
rewritten. NAND flash memory, however, may be erased, written, and read in 
blocks (or pages), which generally are much smaller than the entire device. 
NOR flash memory allows a single machine word to be written – to an erased 
location – or read independently. A flash memory device typically consists of 
one or more flash memory chips (each holding many flash memory cells), along 
with a separate flash memory controller chip.

https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Non-volatile_memory
https://en.wikipedia.org/wiki/Computer_memory
https://en.wikipedia.org/wiki/Storage_medium
https://en.wikipedia.org/wiki/NOR_gate
https://en.wikipedia.org/wiki/NAND_gate
https://en.wikipedia.org/wiki/Logic_gate
https://en.wikipedia.org/wiki/Floating-gate_MOSFET
https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/Floating-gate
https://en.wikipedia.org/wiki/Toshiba
https://en.wikipedia.org/wiki/EEPROM
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/EPROM
https://en.wikipedia.org/wiki/Machine_word
https://en.wikipedia.org/wiki/Memory_chip
https://en.wikipedia.org/wiki/Flash_memory_controller
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v Floating Gate

NOR

NAND
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Flash memory stores information in an array of 
memory cells made from floating-gate transistors

v In single-level cell (SLC) devices, each cell 
stores only one bit of information.

v Multi-level cell (MLC) devices, including triple-
level cell (TLC) devices, can store more than 
one bit per cell.

4 levels à 2 bits

2x DRAM density

https://en.wikipedia.org/wiki/Floating-gate_transistor
https://en.wikipedia.org/wiki/Single-level_cell
https://en.wikipedia.org/wiki/Multi-level_cell
https://en.wikipedia.org/wiki/Triple-level_cell
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NAND memories
NAND flash architecture was introduced by Toshiba in 1989.[97] These 
memories are accessed much like block devices, such as hard disks. 
Each block consists of a number of pages. The pages are typically 
512,[98] 2,048 or 4,096 bytes in size. Associated with each page are a few 
bytes (typically 1/32 of the data size) that can be used for storage of 
an error correcting code (ECC) checksum.

Typical block sizes include:
•32 pages of 512+16 bytes each for a block size (effective) of 16 KiB
•64 pages of 2,048+64 bytes each for a block size of 128 KiB[99]

•64 pages of 4,096+128 bytes each for a block size of 256 KiB[100]

•128 pages of 4,096+128 bytes each for a block size of 512 KiB.
While reading and programming is performed on a page basis, erasure 
can only be performed on a block basis

NAND

https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/Block_size_(data_storage_and_transmission)
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/Error_correcting_code
https://en.wikipedia.org/wiki/Checksum
https://en.wikipedia.org/wiki/Kibibyte
https://en.wikipedia.org/wiki/Flash_memory
https://en.wikipedia.org/wiki/Flash_memory
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April 1, 1980
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Display
Buffer

Printer
Buffer

Code

Static Data

Dynamic Data Local

Global

Code Static Data
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Page# Offset

32-bit Addresses

Seg#

6 10 16

MMU/TLB
CAM=associative memory

(address translation cache)

Page Frame#

Virtual address

Physical addressOffset

Page Table
in

RAM

MIPS
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vFairchild 9300 series
vSignetics
vNational
vMotorola
vTexas Instruments

v54/7400 Series
q 54/74SN181

Ø 4-bit ALU slice

181 181 181 181 CinCout

16-bit ALU

1965-75

Replaced by Am2900 familyà Am2901
Am2910
Am2902

Ø 4-bit MPU slice

ALU + Register file microprogrammed
Microprogram sequencer

CLA

Am2505 2x4-bit
Multiplier slice

Bit-slice

Ø 54 à Mil temp
Ø 74 à Com’l temp

182

CLA

Texas Instruments

Ripple Carry

Parallel Carry
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1971-80Bit-slice
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Bit-slice 1971-80
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1975-85Bit-slice
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1975-85Bit-slice
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Am2900
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Am2900
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Am2900
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Am2900
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1975-85Bit-slice
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1985-88Bit-slice
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ARMv7
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Wikipedia
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Wikipedia

IN

OUT
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Wikipedia
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Wikipedia
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