EE and memory
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Combinational v. Sequential Cirxcuits

Combinational

o
Output is always the same for a given input (“pure
functions”)
No memory (e.g. LED only stays on while button is
held down) T —
Logic gates, multiplexers, ALUs
2
Sequential

Output depends on current input and sequence of Core principle in

t inout h “anable” sianal circuits for computers:
P2 PUts (SUC B EelelE” elgine S) affect outcome/state
(e.g. LED would stay on after button released) of a circuit using

electrical signals
Memory components



Early memories

J 20| ! have no memory of this place.

Magnetic drum

memaory, image source

Williams-Kilburn
N\ Tubes, image so%rce

Delay Lines, image source



https://www.computerhistory.org/revolution/memory-storage/8/252
https://en.wikipedia.org/wiki/Williams_tube#/media/File:Williams_tube.agr.jpg
https://www.computerhistory.org/revolution/memory-storage/8/309/968?position=0

image source (photo)

Magnet ic coxre memo ry image source (diagram)

x-y array of magnetic rings with x/y write lines
and diagonal sense lines

power one x and one y line at half power to
magnetize specific ring (write a bit of
memory)

Use diagonal lines to try to flip polarity to 0 — if

no voltage sensed, bit was 0, otherwise, 1

Reliable, non-volatile form of RAM used in the
50s-70s



https://www.computerhistory.org/revolution/memory-storage/8/253
https://en.wikipedia.org/wiki/Magnetic-core_memory#/media/File:Coincident-current_magnetic_core.svg

Relays: electromechanical switches

Allow us to switch
between two
circuits based on
(electrical) input!

Image source ,
N\ ® Image source



https://technicshistory.com/2017/05/10/lost-generation-the-relay-computers/
https://en.wikipedia.org/wiki/Relay
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Photo courtesy of
Andries van Dam




Vacuum tubes

BRved

\\ -
N3 @Y Q

&

“ 8 29

Se

& €@

e .
e .
L X X
OP -
® O O

= ¢ &F

oSS

(5]

—

/
\

Anode
(plate)
image source

Tube enclosure ——
Vacuum inside tube —
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https://en.wikipedia.org/wiki/Vacuum_tube#Use_in_electronic_computers
https://www.engineering.com/story/vacuum-tubes-the-world-before-transistors

+6V

Transistors o
Act like switches - voltage at gate (or base) -
dllows current to flow between drain and source .

(or collector/emitter)

In reality: much more complicated; can be a

used as amplifiers; have complex properties =
Image source

Made out of layers of semiconductive material

(silicon, germanium)
' g Oxide ez _
Source Drain

Can be used for combinational logic.. and
sequential logic!

Ln+ J:—*LX :L n+ J

Image source Bo dyé



http://hyperphysics.phy-astr.gsu.edu/hbase/Electronic/trangate.html#c2
https://en.wikipedia.org/wiki/Field-effect_transistor

DRAM cells

Falstad simulation link

Image source

(this is actually a marketing
image for IBM SRAM but still
makes a point)



https://falstad.com/circuit/circuitjs.html?ctz=CQAgjCAMB0l3BWEB2WZIICxgEwGZMA2QgDmRMJAUipEzyoFMBaMMAKADMRnMTxcPMJTY4qYsNCQxIOdgCUhlAJyU8Y1VC2Ya0rTATsAMjz4CxzTaP0hOAQwA2AZ0a1I7AB5D0KGugjIDJggOMEAKgBOdgB2TgCWTgAuAPYRADpOdk4ZTgDucYkAxgAWXCGQ-MI0OBXm4uBSULByhSEIIoI47eCENH4s-DLwfJDIOoRgygih5MrITXAcuSGhdV0dYu4A5m0ivbvgyJR9xuWV+zWVypta9s6u0qeTEoJgmMHWfbaOLm6e4O8UGIuvNkEhgqsACLyACCAFkMoVGA4HOwdsprj0aBiJEd9Oxlqo-IIcXV3K1SdZKft+sxBtA8JBCJgEAhlCRVMo3jVlAtIBxuMpAVUQEKPoJpg1pM0ymKQsgNICcKtJZJpbJ2BTMcrgqScAqtGABk0cOypmAyL0uQRCPq+UtRRdVnrVttRdqDXqSIMoATRThKoIORtfctg3VwzrQyBI86Aytgu4LUgwRJ9iRhFjDX6SGYRXKRe4w3nMbn+PrNjmzBXRUqDe4TOQId0myFvSFwN97n9FKms4E9l8aDo3PopP8jgwM6L27m6CFgvJkrkcsjGIVEnFktEAPS5CIFOLRLY5zRR8N4PDHdhgNkxzSXlT7R9aGrgeAf+CnIkgF-oWovl8dy-I8JjXPweCSuBv5zl8iQRAArg8vo7KwIjxmhhzHL6XjKLIdBgAwUxiNglAQsE+4FIw-xzBBzLvqsV7zORIAACZ2IkdhPJgBp-jxYhXj6NDwUhfwmLekDBOofisgJb5AT8yFJnebwjtJ4DUFJ8nlO+n4fn6qnVLUhm-vJ-yEaMICEEgqkMKQ86rHCCEOJuzCFMkDgIQAttECjgKaIjCgGfiAl8I56H047ieo5YjoR8Y1hIXYgdGhHat0bztusqV4JiYB4mlwLdEW4C5RIwp8JUoU3iQNkBQCHxXiFibgAZ7xGVVBqXKl7WOg1HU9Z6gUjpobq3leBzjZQNYnMsEkQsZCATd15Iacti3LcV4DGngUiPhitoWWy9KLGUmXlhllVnPUaoLHI3DnQ1ALtpoqqNDILRrU+X1PbSlTQBJvRsDiuD4La9oGZpfVTX1Y1LcNP2FihPT0apKMfDSqWEOo0PELq16tMI9FWHjv3bXSfK9L06g4LakCcmMDBDAKPSZmjwiZq9EjvTKc29NiIjtPwo2Q2+7MTAjY2k9lRMQvWWM491svXatytK9LW1GhTMj5RUQpkAqlqzPMzNnRLk3m91b3qnIfNwNdt72StovVBllvFWihx5cKyB5ZjJX5fsVi+xoBNe6H4dk1r-CYNAEw04H+DoIy6r8mdYwfD7gJc1Kd0GYbuOaCLfN5lnmeJp7+XpSIIfyjcAdHANVfArUqu10r7ea8aseEEc7zekyczKHgJuwGnD0Z5Nk9W9zNv5wlxmEGercGcyF010qHs7M8zXgNcfj+wZ3rCyI++w5qe9vlYZ9o39v5x5MhG5ZM1nXEQmxjyzFoGuzZAR9bec5q1W+haZ0145rIAKsKP+v1K5nxlvA+WAdj4O3gSvQmaCrhvmynfSQOALRL0CNgEeuVJKJk-mdGBMsqG1AAR9I+3QlYkFWM7CBeJqFdQ9nNaYrtApZS4T0asbtMw4PzuwjK08BH5SgR8Set9V6lwxmzaq3CxYVXbPI7hTtFr2XUspXkjsIJi2xnJL4Ys9L6XEiY0yB8SA0D0bcRSfw+bL3OA+Myt4DFLzUGLRuNjXx+AsV+cSfj1IWgAtpGgwElJHxYcZZhWkTiePAAk-xFp2wOPMUEhsKSMli2Hj4ocyUYlaPLDok+WNXE9CLuAlJcTKipOLgCXiE0qj2ImgHfmv5WkF0AvPCCrTgHdOvEAA
https://www.computerhistory.org/revolution/memory-storage/8/313

SRAM, Flash
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Samsung Semiconstory

samsungsemiconstory.com

image source



https://en.m.wikipedia.org/wiki/Memory_cell_(computing)
https://www.sciencedirect.com/topics/computer-science/floating-gate-transistor
https://semiconductor.samsung.com/us/support/tools-resources/dictionary/semiconductor-glossary-nor-flash-memory/

C;

Digital storage evolution

1928: Magnetic tape

1956; Hard disk drive

1967: Floppy disk
1982: CD

1995: Flash-based SSD

1998: USB drive

2006: Cloud storage

(image sources linked)


https://en.wikipedia.org/wiki/Magnetic_tape
https://en.wikipedia.org/wiki/Hard_disk_drive
https://en.wikipedia.org/wiki/Floppy_disk
https://en.wikipedia.org/wiki/Compact_disc
https://en.wikipedia.org/wiki/Solid-state_drive
https://en.wikipedia.org/wiki/USB_flash_drive

SDRAM standaxds

DDR (and DDR2-5): standard for PCs

LPDRR: Mobile applications (use less
power)

GDDR (1-6): “Narrow and fast”
(smaller width bus, higher clock
speeds)

HBM (high-bandwidth memory):
Wide and slow” (higher width bus,
lower clock speed); 3d stacked

image source
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image source



https://semiengineering.com/knowledge_centers/memory/volatile-memory/dynamic-random-access-memory/high-bandwidth-memory/
https://www.tomshardware.com/pc-components/gpus/gddr7-graphics-memory-standard-published-by-jedec-next-gen-graphics-cards-to-get-up-to-192-gbs-of-bandwidth-per-device

? 2 2

Discussion (if time):
e Potential for a digital dark age? (Risks,
potential for preservation, stakeholders)
e Should we also worry about
software/hardware preservation? How
does one relate to the other?



https://www.computerhistory.org/revolution/memory-storage/8/325/2208

Resourxces

Falstad circuit simulator

The Man Made World: Lab manual, Student manual

Constructing a DRAM

CHM Memory & Storage Exhibit (online gallery)



https://falstad.com/circuit/
https://files.eric.ed.gov/fulltext/ED016635.pdf
https://files.eric.ed.gov/fulltext/ED019243.pdf
https://hackaday.io/project/175774-homebrew-dynamic-ram-with-discrete-mosfets
https://www.computerhistory.org/revolution/memory-storage/8/intro

