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CMQOS, nMOS, pMOS

Tuesday, January 4, 2022 11:57 AM
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nMQOS, pMOS: Properties Summarized

Thursday, January 6, 2022 12:10 PM

« nMOS:

— Turns on when gate is connected to 1

— When turned on, nMOS passes zeros
well, but not ones, so connect source

pMOS
pull-up

to GND network
— nMOS forms a pull-down network  jhputs
 pMOS: ~

— Turns on when gate is connected to 0

— When turned on, pMOS passes ones
well, but not zeros, so connect source
to Vp

- pMOS forms a pull-up network

nMOS
pull-down
network
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Logic Gates, Boolean Algebra Axioms and Theorems

Thursday, January 6, 2022 11:02 AM
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Logic Gates From CMOS, Delay

Thursday, January 6, 2022 12:11 PM
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Bubble Pushing

Thursday, January 6, 2022 12:00 PM
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Notations, Canonical Form

Tuesday, January 11, 2022

12:07 PM
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Terms for 2-Level Simplification, Kmap Simplification

Tuesday, January 18, 2022 11:26 AM
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ALU Elements

Tuesday, January 18, 2022 11:58 AM
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Basic Processor Design

Saturday, January 22, 2022 2:22 PM
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Adders (Ripple Carry, Carry Lookahead)

Saturday, January 22, 2022 2:25PM
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Generally: Disadven é“;je C inCrewsing compl ety o5 N jacrectes
» Step 1: Compute G, and P, for all columns
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Subtractor (2's Complement)

Saturday, January 22, 2022 2:48 PM
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Comparators (Equal, Less Than, Greater Than)

Saturday, January 22, 2022 3:01 PM
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Shifters (Logical, Arithmetic, Rotator)

Saturday, January 22, 2022 3:05 PM
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Multipliers

Saturday, January 22, 2022
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Dividers

Saturday, January 22, 2022 3:11 PM

Repeated subtraction
— Set quotientto 0
— Repeat while dividend >=
divisor
» Subtract divisor from dividend
* Add 1 to quotient

— When dividend < divisor:
* Reminder = dividend
* Quotient is correct
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Example:
* Dividend: 101; Divisor: 10

Dividend Quotient
101 - 0 +

10 1
1 - 1 +

10 1

1 10



ALU Design

Saturday, January 22, 2022 3:12PM
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Sequential Logic Components

Friday, February 4, 2022 6:00 PM
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SRAM, SR Latch, D Latch

Friday, February 4, 2022 6:27 PM
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D Flip-Flop

Friday, February 4, 2022 7:06 PM
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D Latch vs D Flip-Flip

Friday, February 4, 2022
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Basic Register, Shift Register, Counter

Friday, February 4, 2022 7:53 PM
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Finite State Machine

Friday, February 4, 2022 8:08 PM

j_'_y(__g\._f In c_omb)r\aé:;»«,l lffffi-, we Lm«/L no 3C(.<J-L«L{<.

T~ DQ%Mtué."wl /aﬂr‘/ we have Fechbeck  andd nrennory. wheh we e
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Mool e Sinrte state e es

DCJ’ A n =SM™ Comsis b of !
- sck 9%‘ Béuécb
~ sk o} ,U/\{Dwés anchk mépwa
- [vxrl:fot, stale
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Mealy Machine vs Moore Machine

Friday, February 4, 2022 8:34 PM

Mealy Machine: y(t) = f;(X(t), S(t))
Moore Machine: y.(t) = £;(S(t))

Aliege
si(t+1) = gi(X(t), S(t))

x(t) B
CLK CLK
>0 S(t)
Mealy Machine Moore Machine
ow‘C?WL on UAL_ adzé@ ouép"e in the stofe
ON Ji))
0/0 o
Tm /\/l W{é Muofo/l& ! OWLPwé N S'u»m(,é«'ﬂ\ QIL (\n/;q,{'b amc/c 5 évée
Tn Moore Machine'! 0w(—;ﬂv? (s Funcbion >f s Lbale
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FSM Timing

Sunday, February 13, 2022 1:30 PM

Q"/,J' Cf)‘vel/l the éc;ml?/u-éﬁ S

DFF
C Omlv
[ A
,7__
Lk

eL\cro are éfmfuj Can&éru//t éé on é/\c }:S/\/l

Oﬁi : ‘:Df‘ com L,fna,é.’ona-l /087(, :
Min delay of a gate, also called contamination delay: 7,

Mimnimum time from when an input changes until the output starts to change

Max delay of a gate, also called propagation delay: ,;
Maximum time from when an mput changes until the output is guaranteed to reach
its final value (i.e., stop changing)

O{'L . FOI‘ 5&({ u,em,[:/‘w{ Ioafc,.'

On (a P”‘/é > . Setup time: L etup
Time before the clock edge that data must be stable (i.¢. not change)

Hold time: 4
Time after the clock edge that data must be stable

Aperture time: 7,
Time around clock edge that data must be stable (7, = £, T #1010

I OWQ,L‘LI‘D * Min delay of FF, also called contamination delay or min CLK to Q delay: 7.,
Time after clock edge that ) might be unstable (i.¢., starts changing)
Max delay of FF, also called propagation delay or maximum CLK to Q delay: 7,
Time after clock edge that the output Q 1s guaranteed to be stable (i.c. stops
changing)

—

Oﬁl " FO" o(oc/ﬁ éfffnov{f
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The clock doesn’t arrive at all registers at the same time
Skew: difference between the two clock edges
Perform the worst case analysis

WL\éV) ch/c MJ a c/mL/ s/aeeJ.

Tv(eai
- 2eZ

—

( Cloc > {:PCT, * '6 PUL A f Seéq/) + é sk e

‘(;Ma("e« 4 % (.(A« * é (.(_((/ - % Skew
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High Level State Machine

Sunday, February 13, 2022 2:35 PM

_’I/J_ec,\ S—omc_ L{/,/\a.vfaro de L;o éoc com]?/<’\( to c/(cscn‘éa ME“‘AJ /:S/\/]o

Sa[u,(-/‘an'» US{ A L"fj/l {e ve/ d({s(,rfpéfan ‘l’a\/‘ a é)«cora(ﬁaal fS/\ﬂ

COt—“cAL M 7(31'\ Leval Stele /Vl achine

FSM ith -

O{J‘ A Hfj}\ LLVL{ 5(‘«/(-\« MaoL:"n& Q’\cL({VlU{S
- qu{é}o[a E/é I'/'I./)’L(_/Qq,é/’)u.{‘)

!’O cm( Eéa/aﬁc

- ur:‘(-b\waéfc operwéfo/Ls

Conventions — Numbers:
» Single-bit: '0' (single quotes)
* Integer: O (no quotes)
* Multi-bit: “0000” (double quotes)
— == for comparison equal

— Multi-bit outputs must be
registered via local storage

— [/ precedes a comment

CSE 140 Page 29



RTL Design

Sunday, February 13, 2022 2:52 PM

[2/)!, 0(2,375/1 !OYOL&SS :

External data

Capture the behavior o nputs

Convert it to a circuit Extoral inputs (A

— High-level architecture P Gontrolter [ > Datapath
(datapath and control path) control <~ D

— Datapath capable of R = contr —

outputs

HLSM's data operations

— Design controller to control
the datapath

Sé"P‘b . D) D/aw bhe HL s

External data
outputs

2) Deécrm:‘nc whet  datla will  Le sCorecdl  cnd L\oh/’-é will Lo ymodfred.
‘(jl/l éh& Dwéaliw@h ( Szimcwéf&t/ Cl-rt_mz’t)

8) DgéLVVV‘/’”{, //\ou/ (o con b yol ¢lhe /Dwéa/DuéLL/ W[qwé slubes hove what Coﬂé/a/ 5,“7;/:0;]5
Lo Desiﬂm the  Conlioller  (FSM)

/’CJ’ : A Duda J@m;,.w,'(: ch\ﬁnf ene Lensive quéapa,(L,/ sim,:/c Com brollen
A Con érv” C/(OMI'VW“"G Jlﬁaf‘jn . Sfm/o/e; o(.cvéq[)a-éb/ E’Xé@«b"‘/e_ Comn 6ro/}er
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Converting C to HLSM

Saturday, February 26, 2022 3:58 PM

I_O(’_ZM .A COh \IM— 5“00( C cons bt Lo c%“'."“‘ len € s {‘a (e.s an A Crens bon 5.
. |
Assignment statement frget = exprossion; M arget =
— Becomes one state with assignment
If-then statement
— Becomes state with condition check, { ,
transitioning to “then” statements if 2ond
condition true, otherwise to ending if (cond) { =» cond
state // then stmts (then stmts)
}
* “then” statements would also be (end) .
converted to states CP

If-then-else é_dl
_ . " if (cond) { con
Becomes state with condition Jthenstmts  mp ( ‘

check, transitioning to “then” } then stmts) (else stmts)
statements if condition true, or else { '
to “else” statements if condition "= =™ (e”‘”@
false
cond'
While loop statement e (o ~
— Becomes state with condition /f while stmts = (while stmts)
check, transitioning to while } '
loop’s statements if true, then ©
transitioning back to condition end) e

check
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Memory, RAM vs ROM

Saturday, February 26, 2022 4:23 PM

I-Jw Mores o lwfﬂ& nawmber oF  Lils

has rlw Lo select resk  or  wri {e
lhes e ble €o rewd fur vt e e LA ress el
Cernm lhave pnw [ bipon £ VV\LA./é"/D/c aciecses  bo Mebferen t kA vesses s7m.4/(am<a\~o{\j
Com L_.m.'na : W/J!/ wards connect nn eyn DVU n /ourot le (-
101 i
—iti-Laddlr - — — -taddr - — - F=raddr- - — —=|addr :
i 1024x8 1024x8 1024x8 1024x8 | |
addr| Rrom ROM ROM ROM | |
" Tdata] [ datal " data] | datal !
(=] [E S —— R —— S ———— S ——— -
8 8 8
data(31..0)
10
addr = 1024x32
ROM
en data
{32
data
C om Q/A/’AJ D More M¢mw% , conneck ooy ) wal(p[ with Jcc oder !
T )
- ad.al o 2didlr i
' 1 12 do 1024x8 i
add:r 21210 dod ROM | !
i e di en data i
i } fe_ !
en Fommmmmmeeeees ‘: addr i
y - 1024x8 | |
: ROM :
2048x8 i en data| |!
addr ROM i :

—_—
cn data
i '

/281‘ Tra..:/(/é ;,,u,.,[/d : KDM s reed —pn {J . Lot oloel withrwt prwer

)2/‘}/\/1 (> J‘j wemic , [ods lont withon € power

c[ i (,’nc fond " :
Lot Y- ois 4 Lluwvred Advenc ek ROMs  can be  worillea (o CEEP/?O/V))

A dvemc ek RAEM s ceun holdd — brls  wrbbone [P (VYR AM)
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RAM, Types of RAM

Saturday, February 26, 2022 4:44 PM

Tlﬁ)}%b o4 RAM:  Register file REGISTERFILE — gyT1 oyT2 oyT3 oyT4
— Fastest I‘stl [RSJ [RSJ [RSJ
w — But blggest size r D\Q rDAQ rDAQ rDAQ
Used in reﬁn‘bém K : | 1 | l | |
IN1 IN2 IN3 IN4
SRAM SRAM
— Fast (e.g. 10ns)
— More compact than register file Datal Data
(]5 2 X 4l c,a,(/hﬁ T
DRAM
— Slowest (e.g. 20ns) DRAM
* And refreshing takes time Data
— But very compact \[_H
— Different technology for large caps. @
UDML in 0”’ "Ll'-/"> ’QA/V, CaPMLféoré—p

O’CJ‘ 8 }96 /< 83/"1 lﬂf?/ 6(4/t//<. c/'/\a/auaé eri’® éfl-5 ')4' /eA’M

32
W _data R_data

=N e
RAM — Readable and writable memory 4 _| =~ | 4

— Logically the same as register file
* RAM just one port; register file two or more S 1632

W_en R_en

ister fil
— RAM vs. register file SR
. RAM s larger Register file
+ RAM stores bits using a bit storage vs. FFs
* RAM implemented on a chip in a square — 32
keeps longest wires (hence delay) short R ke
— addr
1024~ 32
—_—sen

RAM block symbol
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ROM, Traditional ROMs

Saturday, March 5, 2022 12:40 PM

IO(€M5 We canbt to  slore Aot without baving  Ee rebreshh ghe Lits
W < Cat Lrsc RoMs

D’_{i X Troxd(/éfo/twl ROMs wse C(Iuwm,(:m/l/l 'éamue,lf‘"j to {"“/0 Adaba

S[OMG;A3 ‘-‘da/ée- Use - &{"‘7”3 Vo[éoye teo ’)C/ea e/ccéro/L

Erasable Programmable ROM (EPROM) m

— Uses “floating-gate transistor” in each cell
— Programmer uses higher-than-normal voltage so

electrons tunnel into the gate gn - data line data line
+ Electrons become trapped in the gate gﬂ% = cell| | cell
« Only done for cells that should store 0 ER: :[ 1 | 0
. = & — —
¢ Other cellja. will be 1 _ _ . word ? /@
— To erase, shine ultraviolet light onto chip enable )t %
« Gives trapped electrons energy to escape trapped electrorls
+ Requires chip package to have window
Electronically-Erasable Programmable ROM ‘"‘? data
(EEPROM) —ader
: I —len 1024x32
— Programming similar to EPROM ] urite ST ROM
— Erasing one word at a time electronically ~—{busy e

Flash memory EPROM TransistariCel
— Like EEPROM, but large blocks of words can be ;
erased simultaneously
EEPROM & FLASH are in-system
programmable
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Modern/New Memory Types

Saturday, March 5, 2022 12:46 PM

Non-Volatile
Mass Production

Memory

Volatile

FC RAM %éO'C> cla/éa. ‘AN S‘cr ro @(e(.é/"o yﬂwév’"“(-

/\fo /’61(&31«\ , sim i lar Per‘ﬁormanéc to DRAM but des bructrve readds

S TT’ l?/‘}'/\/l : %éor—cg OZa,éu n éum/lo/c(/{, 6[506:/@4,& \/alu& plc-éum;'mu/( /od e/—ec é’?\/\ gl""“’"

I/{/‘Jh {,:/w(wrumzz, , ')(a.‘bé /e“V{B LM’G %:ﬂh W//'éc en@r‘fjd

pCM : S ‘éarcb Juéu [ga ahanaf'ﬂj &éa.éa oF mu—éw:‘ul ws“ﬂd 2% th“é-or,

(/’aac/L SCule»‘[/'éj Lwé slow wrides ) low enduvance.

(26 IZ/J’/V( ! .jé’arcs Jwéoc QJ oblam.ﬂ a‘ﬂj Lhe s esisbance oF o semiconductor,
‘:‘Mé /&o-d(/w‘/féf

/

h r(jbu. Jcnb"éj but [omibed endurance
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Comparison of New vs Traditional Memories

Saturday, March 5, 2022 12:58 PM

W-cnroritey

C omn P(/i N i o ‘/’ Tra-c/{ /’éiamwl Vs /\/e w

STT-RAM: SRAM cache replacement
PCRAM: DRAM main memory and storage

ReRAM: NAND flash, embedded NOR flash
LY albo ocor

near - mevm oftj Lom}mc{e

Features SRAM eDRAM STT-RAM PCRAM ReRAM

Density Low High High Very high Very high

Speed Very Fast Fast Fast for read: Slow for Slow for
slow for write read; very read/write

slow for write

Dynamic Low Medium Low for read; Medium for Medium for

Power very high for read:; high for read; high for
write write write

Leakage High Medium Low Low Low

Power

Non-volatility No No Yes Yes Yes
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