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(see separate slide set CS122-Lecture 1)
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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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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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A B
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5 GHz

100 W

CPI/IPC
Micro-arch



COMP222

© Jeff Drobman
2020-23CPU Trends



COMP222

© Jeff Drobman
2020-23Timeline of CPU Speed

MT

Multi-
Core
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MIPS = IPC* x F

*Total IPC = IPC per core x N (cores)
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Reg
1

Reg
2

Combinational
Logic

TPD

TCYC = TCQ1 +TPD +TSU2



COMP222

© Jeff Drobman
2020-23CPU ISA’s

vx86
q i8088
q Pentium

§ Intel P, M
§ AMD K5-8

vMIPS
q R3000/4000
q MIPS32/64

vARM
q Cortex (A, M)
q ARMv7/8

vRISC-V

Z8000 vs. M6800 16-bit MPU’s
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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)
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Compare to MIPS “la”

MOV AX,addr  ó LEA AX,[addr]

MOV CX,BX  ó LEA CX,[BX+10]
ADD CX,10

Compact Add 10

Load AX

*Flags unchanged

LEA EAX,[EAX+4*EAX] ó MULT EAX,5

Multiply by 5

Ø MOV vs LEA vs Load/Store
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More Moore’s Law in separate set: Chips & Fabs
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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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10 microns

1 micron
Moore’s Law

7
5 4 3
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Intel CEO Gelsinger just claimed Intel will exceed this rate!
Nov 2021By Intel
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By TSMC
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Intel Wafer



COMP222

© Jeff Drobman
2020-23Samsung 12” Wafers



COMP222

© Jeff Drobman
2020-23Chip Shortage

Intel Automated Fab
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4-23-21

Intel building 2 new fabs in AZ $20B

v Intel, Micron only remaining US fabs
v Intel produces 17% of world supply
v US produced 37% 20 yrs ago
v AMD divested its 25 fabs in 2006
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Intel New Fabs in Phoenix
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Intel, MediaTek Enter Into Chip-Manufacturing 
Agreement
5:50 AM ET, 07/25/2022 - MT Newswires05:50 AM EDT, 
07/25/2022 (MT Newswires) -- Intel (INTC) said Monday it 
entered into an agreement with MediaTek to manufacture 
chips using Intel Foundry Services.
The chipmaker said MediaTek aims to use Intel's process 
technologies to produce multiple chips for smart edge 
devices.
Financial details of the agreement were not disclosed.

© 2022 Dr Jeff Drobman – drjeff@drjeffsoftware.com
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$20B in Ohio Online end of 2025

10,000 jobs in Ohio CHIPS for America Act

Samsung in Texas

Micron globally
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Sept 2022
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Intel MOSFET

https://www.youtube.com/watch?v=Z7M8etXUEUU&t=47s

Intel video
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yellow shows bad dice (a function of defect density)
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AMD

64-Core
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Intel
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Intel
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Intel
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Intel Core 4
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AMD

7nm

14nm

Zen 2
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AMD
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See slides in 122 Part 1:  Memory
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P&H Ch 5

“Ways”
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A53
P&H 5.13
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P&H 5.13
A53
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P&H 5.13
A53
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P&H 5.13
A53
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A53
P&H 5.13

Load
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P&H 5.10

Valid bit
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(see separate slide set 122 Lecture 2)
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v MASKABLE
q NMI (non-maskable)

§ Power-ON Reset
q INT (maskable)

v VECTORED
q NVI (non-V)
q VI

v PRIORITY (PIC)
q High
q Low (High INTs “preempt” Low)

v INTERNAL
q Hardware events

§ Timers
§ ADC
§ I/O (S, P)

q Software exceptions

CLASSES INT’s (8)

u INT 0  (Pin 33)
u INT 1 (Pin 34)
u INT 2 (Pin 35)

u INT 7

v GIE (2) – global (2 groups)
vMask:  INT 0-7

ENABLES

à SAVED ON STACK

v PC
v STATUS
v CAUSE

v HIGH
v LOW

PRIORITIES

PROCESSOR STATE

MIPSGeneral
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v IR0-7
v D0-7
v CAS0-3
v INTReq
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v IR0-7
v D0-7
v CAS0-3
v INTReq

Ø Trigger:  Edge vs. Level
Ø Priority:  Fixed vs. Rotating
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INT’s Used:  4

vMASKABLE (3)
q 1 NMI (non-maskable)

§ Power-ON Reset
q 2 INT (maskable)

vVECTORED (2)
q 1 NVI (non)
q 1 VI

v TIMER (1)

INT

MI

NV

V

NMI Timer

Hierarchy:  Priority
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v Decode Pending Interrupts
v Allocate memory for Handlers
v Use Jump Table

q Order by Priority
q Test & Jump
q Handlers as subroutines:  jal à jr $ra

Lab 4
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Display
&

Printer
Buffer

Input
Buffer

Handlers
1-N

I: ---
Jr $ra
B: ---
Jr $ra
F: ---
Jr $ra
C: ---
Jr $ra

Jalr Br_Table

List of 
Subroutines

Br_Table:
La $t0, In_buf
Lw $t1, ($t0)
Beq $t1, “I”, I
Beq $t1, “B”, B
Beq $t1, “F”, F
Beq $t1, “C”, C
Error: ---

.ktext80000180

10040000

10010000

00400000

7FFFFFFF

Lab 4
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Lab 4
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.data

.eqv

.macro

.text

subs

Main

.kdata

.eqv

.macro

. ktext

subs

Kernel

ISR’s

Lab 4
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Lab 4
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Lab 4

“_ISR” macro
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Lab 4
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P&H Ch 7
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P&H Ch 7
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APPLICATION – LCD/LED Modules

v Print your initials
v Optional extras

q Calculator with 
Hex keys

send letters/numbers to a 7-segment LCD
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.ktext
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P&H Ch 5
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P&H Ch 5
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Slow Clocks
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MCS-8
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MCS-8

RUN STALL

RISC

CISCICU state machine
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Clock Sync
Clocks ó Cycles
clock speed is normally the frequency that a CPU operates at, and 
inversely, defines the clock period or cycle time.

CPI (clocks per instruction) is the average number of cycles it takes to 
execute an instruction – per a given instruction stream.



COMP222

© Jeff Drobman
2020-23Cycle Time Limit:  Slowest Path

Reg
1

Reg
2

Combinational
Logic

TPD

TCYC = TCQ1 -TPD –TSU2
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Am2900
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XO

PLL Clocks (multi-phase)

CPU chip

PLL will multiply
300 MHz xtal freq
Up to 4 GHz

2-phase clock
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Xtal
osc PLL

PLL

PLL

PLL= Phase Locked Loop

VCOVref
(xtal)

comp
f

Clock Tree Clk[1-4]

Clk[1-4]

Freq divider (by 4)

v Jitter (ppm)
v Wander (ppm/day)
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Jitter
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i8080 MC6800
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i8080 i8224
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i8080 i8224
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i8080 i8224
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v Jitter (ppm)
v Wander (ppm/day)

Frequency stability metrics

vPLL (Phase-locked Loop)

vUS Atomic clock (NIST-F1/2)

300,000,000 years!

F1

F2

Ø Stratum 1/2/3/4
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v Stratum 1 à Atomic
v Stratum 2 à GPS à phones, cable boxes
v Stratum 3 à Telco Stations

ppb
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Control & Status

Control Status

Data

Data
W R R/W
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Hennessy & Patterson

User/systemInterrupts(8)

IE

Exception handler

C    V    N    Z

Flags

PSW
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Hennessy & Patterson
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ARMv7
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Hennessy & Patterson ARMv8
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CPSR

Flags

ARMv7PSW
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