eC‘UN’V@'@ } \g
e 7. 2
7598

PEKING UNIVERSITY




Sy, »
1 0] NPT RS
I50% PEKING UNIVERSITY
.
2 < ~
A | 0

Al mmni~ &30 Z-41 A 4T A -51 _ 51 A -6T .
2-3- H& H
A" 18 lab'Q o0 47 100-57 100

A" 28 1labQ o 57 100-61 150

0ys ' Nk Xy <2>



S N »
NPT TS

PEKING UNIVERSITY

t 0

A 1n

A CLABWJ x Ry aepgv23 1 4avEMfl CLabw' 1 X
a YT A @uug N
A g NT o Alabi 2 B0 T T1 NOHGEN

A Clabd x X clab.pku.edu.cn

A Clab NYOA A Ad WE

0ys ' Nk Xy <3>


clab.pku.edu.cn

0 N

o CPU

INTEL” XEON" SCALABLE PROCESSORS

THE FOUNDATION FOR AGILE, SECURE, WORKLOAD-OPTIMIZED HYBRID CLOUD

w0 28 CORES

9 48 QT m U
OG0 22 1.5 TB Bt

HIGHEST e '
MANSTREAN

Up to 10 Cores and
20 Threads

30MB of Last Level Cache

Advanced Encryption
Standard -
New Instructions

g Up to 2 Terabytes of DDR3

Memory' and Low Voltage
DIMM Support

B Intel® Trusted Execution

Technology

Accelerating Mission Critical Transformation

ACPU Ad_ AN

Cored By TEim !
LOONGSON

n |

o As PRl o

ANNOUNCING
NVIDIA A100 PCIE

ANNOUNCING NVIDIA HI0O

GREATEST GENERATIONAL LEAF IN A DECADE

AGPU Ad, AN °
dFGPUNs~ _ N ¢

d F GPUD "HQNM  n ~
T A

%

Q-

A U

5~

—
(92}
Cc
>0
—
D>

N

S P

PEKING UNIVERSITY

AH U FPGA] N d ®[] =
Altera Xilinx t "Qa

d F FPGAD "H1 XW_  § ~
da ¢t o enqwY 4 0

/I L S 9 <4 >



Adv Y dy 0 61 o T o EDAF »

y) At %
\
PEKING UNIVERSITY

SYnopsys /\ IO SYNnopsys 3
m

cadencey @pusc & wovisiv (adence /,V/,,V,S,M e cadence PERFORCE
; manage ZUKEN
/ \ Si'ﬁ_r:'{l«;z ) ny! T r’\‘ “N .-‘ AGNISYS GMSR@ A ALTAIR 6 s m - mGDA

WTHEDA

BCE - TR s s Allum

Wit 2 i _*._F-%ﬁllfé
EDAe T  Cadence
Synopsys Mentor” t A |
AMHE EDAS Tei g, o
"Hlicense

-
ﬂé * 71 95 Robei
P ..}'l AE’CAS

WIT me\mus SMIT XPEEDIC

5 7\. ceLuix S

S lg
ERNaF
[
O prm iznofll @) DJEL|

2022W81 A dmY e | Ad

e e o o o o

A GAAA HUEDA T ¢
GAA®R ¥~ 3nmz myi

oys '+ kXY =0



N E



R™HFT ™ & "H Ya®e QNQHYAN1 ®dur R D AT LS

PEKING UNIVERSITY

A RHFT "™H® "H Ya N®EQOQNQHZ YA AGd v z2H a0 9

DRAM/SRAM Y n Flash RRAM/PCM ~

—— e e e
. P %;_F - " | N oA 38
[I—— o B N S S
s S s S sz LS s
oa e . feser feset -
=l - == -

i . T zZ NaA
\_
a w -
A
|\ J
4 . N\
Y
~ J
RNN/ ResNet R
( )\
T WH O
\ J
4 r ~ ( . )
| Y™ A
S 2
V NAIMY I &

(@]
<
—_
o (Q
@)
E—

<7>



PMOS
gate
Y na CMOS

- "HH

Qutput ‘ voltags-4 - Ground S 6 -l'_

! Source/drain
NMOS contact
source/
drain NMOS
PMOS gate
source/ metal

drain —
N

Silicon PMOS gate 3D 57 | é’
ribbons metal

TR =

AR E RS

EDP advantage (CNT/Si)

NMOS
channel

3DY n v
CMOS

Buried
power rails

2

58

"
L4

‘l’lll 410 510 610 710 R0

Threshold voltages (value * V)

delay (ps)

$8=72 mV/dec o1
B ECMOS 1 : )

"HH 5 T

—_—

Ta00

<8>



H “ A ‘
1T'YEYRK DI

SSD/Nand
Flash

Yy O0S1 O¢
K 2 06"y
\ o Wy
D4 E

Re T

4y o0S$1 &>
IPX z %
\ oAdHy

Nor Flash 'I

Pt

Pt

CUNI »
S ) A}
N e 7 ) ¥

PEKING UNIVERSITY

(MRAM)

1 H
— yy—i
TiO,

Pt{——D——}Pt

guilti 5

TiO, (28

-

Q < Q.

~

.- Eo

Rs§A
Z N a

A
A
Aan

o RRAM/PCM B

<9>




IT'Hp ToXp T) os X

DFB laser

AlGaAsOlI high-Q
microresonator

Coherent comb
generation

ll-V-on-silicon
photonic integration

3NVYAT T,

CMOS
electronics @

Silicon photonics
functional chips

\N3IMe AQuad g\ T

.....................................................

ECDL
=3
InP laser
EDFA
AlGaAsOlI chip
® NF

Silicon Photonics

Laser

/. -
cmMos /
Circuitry

DEMUX

Modulator

\MUX /

|
\DEMUX/

Micro-ring

Light input

EDFA

2-km SMF )

: Commercial PD

V) Ak 7 K F

PEKING UNIVERSITY

(b)

<10 >



~
—

“Al o™HRA D TH ®oEN Y

é(n\-w./% »
ANTFES

PEKING UNIVERSITY

S

AEN Yadome QNQuNYa g v 8




ék\\l|,€ »
N e 7 ) ¥

PEKING UNIVERSITY

E q@%&&mz4qﬁpwa@n.au&ﬁ 8

AEN Y'YENGPU di o kA Nvwrwetl aa Alz 4 y0P
BT
~10-100k N — | LY I —
=l =k K 7|7 =
BT o s L ‘%5%5"%!!!"!!!!!!' y| Alz 4
JUEE %EEEEEEI -
, -HHHEHAARA ¢+ T C
_ ______ w
J#m# J-*.smﬁ EoMNaTE

T AlZ 4 yOo P+ " s+~ GPUFFPGA/ASIC™ di o

0ys * kXY Sl



I_I'

Al "HH

L

01 H ®cOE\

Ameo

a
g N EY B Yezw gAI4nAd

(a)
A g Lond gy
R N — = — ™
Ll Storage
Sensor Analog-to-digital Memory Processor
(c)
YRR Y
o0 00 v
In-sensor computing Post-processor
units
(d) : Noise suppression (e) Stimulus input Sensory array
S % T ¥
Y - L —>
Gas Thermal
n N A l ‘. Iy
SR : (@)
Sound Pressure Visual | [, =

e o o .. @
L . Ol|02|():£| Onl
Rui Rz Riz*** Rim -

f . O, (2% Ry Raz Raz+* Rom I :’

Iy . o Os| _ | Ra1 Rsz Ras** Ram I3 i
: — '
@ :

5 O, Ry1 Ru2 Rpz *** Rum I !

............. QO ‘ (n)
1 x

1 o>

< =

3, 4

Wearable electronics

Automatic drive

kXY

u

(a)

i i Pre-synaptic neuron
D
.
Post-synaptic neuron
r

Postsynapse

NAQe z v

()

- Signals UV light
O R
Axor - f5}-<'8 v
(f)
= }v&—‘ 0.03
\ <
N 0.02
)
B
Lo 0.01
| 0

Visible light

Ultraviolet light

Visible light:
Pristine
© 5 min
010 min
# 15 min

50

100

»
ezt ¥
(Y >
PEKING UNIVERSITY
!
Human eye Human brain
/ Retina
(d) 300 F—— 0 nm
200 F
100 F
<_____ 0 . . . s
E g2~ 1 nm
- o E——
information 5 0 W \ W W
O 40— 10 nm
20 F
0 IntMMAMIAMAAVAMVMAVAMAMAAY
0 2 4 6 8 10
Time/s
_u reos = (g) P amsa i
Visible light _. Ultraviolet light
i i—Light off 0-04F ¢ i Light off
H < H
1 Transient response £ 0.03} I Transient response
1 é 11 I Current decay -1 1 E 11 II  Current decay
11T Long-tern potentiation § sk i Long-tern depression
o
0.01 F
Light on
' 0 i " " "
0 50 100 150 200 50 100 150 200
Time/s Time/s
N e, ————————— Frmm—m—————— e —————
O] 1 i .“s‘l“! ot : | il Memristive array :
1 & P W 1 1 L 1
| *?v\'\\?\k\/ \\\{"%)\‘ O“\Q\‘\ 1 ! ._' !
R e | 1 ]
e 4 prs I 1 ELN 1
, g L m ,
! \ - N, ]
: Jl 1 : Ele. —= !
B = | | = 1 input  * 1
1 - g> ; o | 1 n |
1 Y 1N .
1 Visual sensing and low-level pre-processing : 1 High-level image processing :

<13>



ez X ¥

PEKING UNIVERSITY

N
G
~ ?
S )
< L)
= S
~ 5
1508

(0
SRAME Y

RRAME Y 14nm
&y
AM

10nm

o amy
Lla’ SRAM
% %‘jﬁiﬁ? | S§§
NN NN
AN o \\\ Eyi o
Ry [ §§




H “ A1 o HLA U T "H N o Alz 4 y

AmpAIZ 4 yRH ""H H3 S~ AN AAIT oY #Hu P

% PEKING UNIVERSITY

1E+24 OPS = 1 YOPS I
£ 1YOPS g IRIEIAE
NYa P & Z] R
1E+21 OPS = 1 ZOPS l : . o~ RN el IR V=5 GV I -
| A B% g ‘I‘ W E CJQ H % AlphaGo .. A ,;»——"TF'J&&A o h %’A\% =
1E+18 OPS = 1 EOPS g 8 e B
a Lo am v N Bmgo
i 1ZOPS om0 | sonrQBBLes P,af\’/vl{? &
il g R -
1E+15 OPS = 1 POPS L s el %E%T—I: «Q -~ TS SRR old
] | e lPQUB s, OO T P )
1E+12 OPS = 1 TOPS _I_ D et g T TANSTORMET °
R VGG - [reshetia 4550
W 1 EOPS a I (oo
1E+09 OPS = 1 GOPS I 4 AloyNet © Oluy@sa [ eNet
E I OMtosis .~ d 2 o
A~ (o] ' erT o o 4 q
. SGRb R i S L
o 3 //’/ 0 .
| -|- wE COQH I © ¢ ORI o0 LIDUEANAN b 1 POPS
- [k
| H I Oroeteners MNIST q

1952 1960 1968 1976 1984 1992 2000 2008 2016 2022 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

nJ QT NaA P A H Alz 4 y 3 A Na P
Y e ) ) , GPT-4 ~1.5¢ K A ~2.7 YOPS
my € O'HMM19527 2010 30 KOPST 200 TOPS  21.3% X
GPT-3 ~1746K A ~314 ZOPS
mY € ©OHIH20107T 2022 700 TOPST 2 EOPS 5.7w GPT-3 Small ~1.25k A ~224 EOPS
2 W3 HMH20161 2022 1ZOPSi 1 YOPS 9.9¢

l o Ada ~ANAK PFw PUi4 |
0ys ' Nk Xy R




& | Alz 4 y myTransformer & WA A (15 GPTHRA) NPT

PEKING UNIVERSITY

= A

A Decoder -Encoder p A Token A 0DIMaskOL <eEw OL ~ mz

Output probilities ’{J P

GPT- Generative Prdrained Transformer e ‘ Q
T Input / Output Embedding N _
v p Encoder -Decoder \l & | e Positional Encoding
T f 4 . /] - Add&Norm
] J— | :
rans Ormer u‘ I (D ﬁ Feed Forward Ij 5 |_ Y —[ P
B . Multi-Head Masked MultiHead
' s Attention Attention
L AlddS:FNorm = Multi-head
| Feed Forward Q:; 7 Attj]t':n/
[ e o . .
[ .| | I/li__ledd&Norm j 4 a I_) & P
s AIddS;Norm QK, N————
P P e ] jp e Add & Norm Feed Forward
Q,K Vittention Multi-head - Attention
| Feed Forward L KIVFJ [l:—. AttePtion‘ N | \
Res connec f ‘ ® onne d V/ _ﬁ ... )
ol A;dd&‘ll‘\lorm l,b ol AiddéNorm [t e N ! s P
h:;;tlti-tc\fead Masked l\l/lulti-head |_ N S ft
ention Attention Inear Norm oltmax
Res Connect: —T
kQ <y j e ety — , ) L
Input Embedding: % Output Embedding: % , , . .
Il I i /OpenAlw, ~ LongNet 1 N Transformer ;

Position Embeddin% Position Embeddin%
Word Embedding: + Word Embedding: + TO ken '?A "Y ) % 10 K q ) € W ll' .¢ "Y’

0ys * Nk Xy <16-



P TN

s O .: (
<] ,

=

o

5 s PEKING UNIVERSITY

T aeW

A | tbozwvecMue ™ T t ‘
before pruning after pruning

-3.4x10%% a b 3.4x1038
FP32 o RRARR RN pruning ____
/ I| | ‘ ‘\'0’: °\3" synapses
f lI M.."‘-. . ‘t‘
.-";: | ‘ ’/ Q’r \‘ .
| \ pruning
INT8 *R—N—%—% o .‘2x. neurons
LN
-128 127
&)
NXN Jy 08 P W% AL OXN JdANA &
- ap
nof J4f > 1Y N

‘Y
HJ Y o

| @ h3MyQ 10
RIDY Qn ™ VA T 4dAON

n Gé U=

<17 >

0ys ' JJk Xy



L »
NELFE®]

PEKING UNIVERSITY

\T&W

|t bzvecMe ™ T t A1 mai A

Teacher Model

————————————————————— | -—> «—>
: Knowledge Transfer P ftzd_en:l\:[o:lei . LA r‘ V;I-‘
| (TTTT T [ . 1 R| p--Yemmeeeeeend
) b = Lo . ! U,S, X
. 1 | Distil 2 Transfer 1 . 1
s :ﬂ z qll \/ :
P | [ . | (] Tam
™ | ® O ; ’
o7 LB TN ol e
|
[ A : ‘ : r3) Q : r4
T- Data . N s
o] e 1o [§] -
Input Output
layer Hidden layers layer

7 X N ¥ 2z 53 A : «
H . X N2 W Wb AN

teachermodel 4 A n oistudent L s .
YAF 0B Qe SVDC1  n

b Quei \

7 - r--ax > . Qo

modell g o' T 3 &1 Gy |
n W3 W

0ys * NkXy S8



r——=—=-=-9 '---’ r——=—=—=-9

~
'[' EEB\AJ
P Y4 X
EHERE BiRHER R
REHRL FERISIHER
EFf1E HrHe
7z fiftiling KEM

Schedule opt

FEROE

AItEé’.%‘aTJﬁn“ﬁlefhon o

Caffe T TensorFlow () [M]* 4% O~ 4 PPER

:‘ i Graph IR §
' I Graph Optimizer
: Tensor IR y \}
:<“ - = Ops Optimizer Runfime
)
/ CuDNN/MLK-DNN
E - Backend kg
=i
: CPU m NPU
v v v v
LLVM IR LLVM IR GE IR
Y Y Y v
CPU/GPU/NPU/TPU/DSP

ez XY

S TNT ./‘Jﬁ
II:; s PEKING UNIVERSITY

<19>



4

H "HHLAa O T"H YOADOAT of YA

y) At %
PEKING UNIVERSITY

ARADOAT T YT oj Y4mnT YATWHR3I MT Ry "H2 6

HWQ EuvAdD
\ M m
Ty \ [ '
Multi-electrode ) ""\‘.\
S - \

ingle-electrode

1960 1970 1980 o
" N A .
W EEERRRRRRRRRRERERRIY :
&= = w0 y
4 .
1990 2000 2010 2020 Lu .
L ]
43um . i
Ca®* imaging o 4 L
um = I' )
[ ] .'.
o, v,
5 = 100 : . R aF ll‘.
Utah arra by : * 3. -.u
y 212um G } = 0'”.~ '..
Polytrodes | ¥/ -
v 2083m ol slasss | &a% %o a0e 4 % 08 ®
1960 1970 1980 1990 2000 2010 2020
Stevenson, |., et al. Nat Neuroscience Stevenson, |., et al. Nat Neuroscience

0ys * NkXy =207



¥ Al

Ve

PRIME

Optimizer

RL 2 4y "Ha

"HHLA O T "H'H—o Al AlT
Alf o &

Me 4 vy NiBIWH A

All o

30
EdgeTPU Chip Area (27 mm?)
251 I 25.3
(6.3% 1)
o 22.8
15.6% |
E 201 { } 19.9
P 15.1 (26 3% )
] 18.0 (29.3% 4 ) =
< (33.3% ) 171 16.9
151 (36.7% 4 ) (37.4% 1)
- 14.8
O (45.2% 1 )
11.9
104 (55.9% L)
5 ! v . ' v ' ' ' 1
a0 o7 RERR el W ae o2 et
W W e VT T
3000
& EdgeTPU 9
25001 B PRIME &

N
o
o
o

Latency (millisecond)
= =
o w
o o
o o

500 A

<21>



ArchAgent 2026: Agentic Al

Evaluators Pool

]

"HLa 0 T "HH~o Al

¥ Al

-

o

”

Distributed | | Werkload

. . Suite
Simulation
Cluster Workload O

Sim E__ Workload N

Sim —— 1

Results
Database

Y

o

- Core count
- % levels + sizes
- DRAM bandwidth

ChampSim Instance

'SE'EHID'EI —U':H:I.EE’E‘JE‘E’E—

Insay

panjons

Ny

B

Alf o &

AlphaEvolve

Choose candidate(s) to evolve

from wy evolutionary DB
Evolve
ha™

¥
—
Evolutionary
Database
(Generate
Evaluate / +
[ I
1

"1 Run
Compute metrics Ec:T.ﬂ.waMs
and ﬂ:!pulate g'; sampled
evolutionary prompts

H{ As O
A ChampSimh A X

%o &b IPCC T
YN T
w X Y'AuUTH o

NELF PR

PEKING UNIVERSITY

-driven Computer Architecture

A ArchAgente 9272 AlGgi> Q* _ Y

A C o8l
Apsn™ aeal A
1 AlphaEvolve g ChampSim

PVl _g

@M E” OY' O

G L ©8e: trace Bi * _ WO
bh N

"Yh G8iT A

€ &b SPECZ 1 @i Q° %Y

XAV X

| ArchAgent w1 H"Y

<22>



N E

CONTENTS

CMOS Y\ |
: A D]
N : j QZ



MOSFET Y i » HT ot} |

éo“”"'e* »
ANTFES

PEKING UNIVERSITY

A" 7 KMOSFETa¢e K+~ 1T =2dpT,

‘ I\Dj iE@ : m F fg: - e contact
LS I ot
®p P Rt
?;2115 %‘ gﬁ/ﬂ:iﬁ v e g PMOS channel p:‘:‘l':’ ralls
Y ﬁ:/ R EEH (*Eé%%) 4 XSRS RAE BB EZAIK
iRt
RIER s |

wep | [ DBERR (ANDH) | spmigit
BEE (B

| e TR pap— == ‘
HRIZ ' AR R IR, 5SS A%EN

0ys * NkXy e



MOSFET Y i » vl ouy |

ANuj Puamyvut o

?? O(?o > D!

nE Sk O?? e DI2pr mb T B
®) O 9 -0 . _
o 9 &%W AMynl 951 3D
O-{P O o 0550 LT 2A93DO0h b |
o 066 66 U(SCJ)_O AMY wwMD @' 6
DR G1h ?? ?? ??

=®d2D@EpMybh"TH
| ] o
O—{B+O ﬁ> (5(% W IMYIMNE BT W

(]) 8-B-KS1_O VAnhyt & 04D

6ys ' NIk Xy

<25>



MOSFET Y i » i oui | NEEES

APN1 vt 8 Em o
b L 1= b {
v 4% (junction) > 2 D ¢
|,
I _ s
e Zd>XD
AMPNIV T 2a/&P® It M\=2D b Jd N

EM\ /3 DpRJd € Jdunctiod™ Hi 2D MVt bal 5
AazvH:dKz | s/ dnpt a HoDxkpP L af1 AGEM NI b

S%r ¢ 1 23 Lj A

0ys * kXY 207



ST »
NELFE®]

PEKING UNIVERSITY

MOSFET Y i » HT ot} |

APN1 vt & BEHa-
E & depletion regiorn 4 Ap B

s 1 )Dbt M\ bL

@ — Ptk
®—

A MPNl Y 1T 2 a EN®

A ~uzd=a: S uHR Nt % hpd = 12 Lp|

A n WEdODD ~vo:dEnvwdeEs JOp1 Ehfil Ga
Axi " “pndTinfl w

0ys * kXY =2



MOSFET Y i » Hi ouy |

Z o(gate) @ (drain) v |} @ (source)

Nis + 2 DJ(-)
PM \ (+)

A MOSFET1 vt

F ®» Lo

Source Gate Drain Source Gate D}ain
Ves< Vry
_—

Linear operating region (ohmic mode)
Vs Vg vd
VDS = VGS- VTH - VDS > VGS_ VTH
Source Gate Drain Source Gate
VGS2 VTH
—_—

Saturation mode at point of pinch-off Saturation mode

AXNEMYyDD D
0ys ' NIk XY

Abbu on i TAN

{508 PEKING UNIVERSITY

AE I -0l @ g VgxVth
Hi Nl " 20 1In ol -
Ol ©d g Vdssr N1 t+ A
PMMvce2m 1 j h&d
Ly ol Lo o

A E Vgs 61 a Vthe | v
Ed k€5 '~ X pu:
St p ‘13[,-'68'&5\-7 [
Siopu Pup ' vz
Y a~ SiOd 1 p s|03
&84 Ap 2Dy’

@iV T ns (- Si02 )l
o Ny m= (depeletion

< 28>



MOSFET Y i » HT o U4 |

AMOSFETi eksl w oHE M ao,Cw B

Vbs < Ves~ Viy

\U 2 Source Gate Drain

VesZ Vi Channell
—_— (inversion layer)

»
P+ N+

Source Gate Drain

depletion region

depletion region

P substrate P substrate

w 1 _ | O_ Vg | _ | c)l__iniayao‘larating region (ohmic mode)

Vs = Vs~ Vi Vos ™ Vos~ Vmu
Source Gate Drain Source Gate Drain

VesZ Vi VesZ Vi
— 5 I - 5

P substrate

pinched-off channel P substrate

Saturation mode at point of pinch-off

w 3 -1 ovd a

Saturation mode

Vth o MOSFETY e := P

ld-Wy Characteristics 30 electron density for V=06

1E-5
1E-6
1E-7
1E-8
— 1E4
Z1E-10
1E-11
1E-12
1E-13

1E-14

i 1 aH

1 Haw o Vgs <Vth 2 M

0ys ' Nk Xy

W oWVds <\Vgs-Vth 3

uwy o Vds > Vgs - Vth

<29 >



MOSFET Y i » HT ot} |

(T »
N e 7 )

PEKING UNIVERSITY

A MOSFET" - ’ 1
ox.

p-type substrate

X ] C
p-type substrate

3. BT EAHEANH-EANR SR

ox. | [

1 Nya myw?d

0ys * NkXy =90



4

MOSFET Y T » HT o1 | géat;‘*gg

PEKING UNIVERSITY

>

A MOSFETY 1

& R £P LT A

p-type substrate

2. R e pe 7 b
oX. | B

p-type substrate

3. B FEABANB-E AN ST

p-type substrate

1 Nya myw?d

0ys * NkXy SO



4

MOSFET Y T » HT o1 | géat;‘*gg

PEKING UNIVERSITY

AMOSFET" T
4. Ak EPBH 6130 DA R okdemsas
o ™ ] C =l = = [
p-type substrate p-type substrate \mui___)
CearaammmaenEar )
ox = B |
p-type substrate |
3. BT EAHBANB-EZANR SR
oX. I
1~ Nyarmyws 2 E&F YN+ "1 ® 3 Ed  YNgn1 o

0ys * NkXy soee



4

MOSFET Y T »HT ovi4 |

(DD »
N e 7 )

PEKING UNIVERSITY

A MOSFETY 1

4. A BICT EPB 807 Rtk R T L Ly T
o ox] 1

pype substrate p-type substrate hﬂﬂL———J

" ETEAAEAPNI A

ox I

p-type substrate

3. B FiEAHENB-EANR B K

oX I

1 Nya myw?d

0ys * NkXy R



MOSFET Y i b HT o4 | B e 7

s PEKING UNIVERSITY

ANMOS | PMOS

Source Gate Drain Source Gate Drain

Polysilicon Polysilicon O O
(ﬁ Sio, SiO, \ Cﬁ
\ \ \_.-."-._-l-'-.;-...'-._.-.-'-._
p

e P
Body _L _L * p+
o bulk Si JL I n bulk Si
NMOS PMOS
J} u 4 E

. ¢ [ bodye | Ay A
i [ gate€ T X F
i I

0ys * NkXy s



MOSFET Y i b HT o4 | B e 7

s PEKING UNIVERSITY

ANMOS | PMOS

Source Gate Drain Source Gate Drain
Polysilicon Polysilicon O O
(ﬁ Sio, SiO, \ Cﬁ
\ \ ‘...__ ‘-.__ .
HHHHH \\) .:.:.:.:.:-::.l:.:.
Body _L _L pt p+
o bulk Si I I n bulk Si
NMOS PMOS
E IIIz2: 2ax

‘MOS  k i @ 2 1 y1, @ >
N T o8 [ N3 |
'‘xpo L L ns3 1 0y1m™m

0ys * NkXy R



MOSFET" Y i » u{

ANMOS|j PMOS

Source Gate

O Polysilicon
/ S0,

n+

p bulk Si

Oys ' NNk Xy

LR »
NEZFES]

Source Gate Drain
Polysilicon O O
SiO; \ ﬁ)
e P+ p+
n bulk Si
PMOS
1 n NMO$S U =D | ﬂa r
yMme DW e VDO
WHz Wx 0y 1M
W =z WX0yITHr

< 36>



MOSFETI K& HU Y KN 4 y

ANMOS PMOSUY M1 c 22 B

S N »
NPT TS

PEKING UNIVERSITY

d
S
9—|EI 9—4[: Voo Voo
S d VDD 1T
NMOS PMOS SR,
PMOS
g=0 g=1 _q t ><b 0oVt
In Out +——o Vou
OFF
? i o —{ [ wmos gt g
S S | e
S S - Vin = VDD Vin =0
i ON & OFF In Out
|
d d

0ys ' Nk Xy =ere



MOSFET Y i » HT ot} |

ANMOS | PMOSY L w:= K

Source Gate Drain

Polysilicon

S0,

NMOS

Source Gate Drain
Polysilicon

S0,

bulk Si

Vo
Q,
—
|4 Cm=
( vd 1'(!
41 e T
& ? () mmtm e
(:‘,,‘Ji
%)
1
Q,

é(n\-w./% »
ANTFES

PEKING UNIVERSITY

VI)I)
Cr
| Q4
—0
| Qs
|
|
( ‘:.‘;

<38 >



S N »
NPT TS

PEKING UNIVERSITY

N T z

ANMOS PMOSH mm\I @ PDNU PUN

Vbp )

— s E 0]
InN1 — Pull-up network: make a connection
n2 = pUN | FPMOSONY oV to F when F(In1,In2...)=1
InN

F(In1,In2,...InN)

InN1 —
In2 = PDN Pull-down network: make a connection
InN — NMOS only #5m Ground to F when F(In1,In2...)=0

— I E o

PUN and PDN are dual networks

0ys ' Nk Xy =99



N T

\\

Ar PDNU PUN\ & NAND

A B Out
0 0 1
0 1 1
1 0 1
1 1 0

cate

Truth Table of a 2 input NAND

CTU »
™ O\ \;
Je g )2

PEKING UNIVERSITY

A o—

B o—

PDN: Connects OUT to ground when AeB=1
PUN: Connects OUT to Vqgwhen A+B =1

o

[ "ouT=A+B NAND

1 3 Au BW ®1Qe _ kRO

3 Au BT 0Qe _ KRl

So OUT = Complement of PDN function
Also OUT = PUN function with each input inverted

0ys ' Nk Xy

<40 >



N T z

_v“'u»,r »
NPT TS

PEKING UNIVERSITY

Ar PDNU PUNM & vt () .

F=D+ (A(B+C)) kKW ~ i FRRO->D+AB+C)=1

VD 2 VDD

6Xxn "HA1 ~ i _ & PDN 7] T

Exco D+X6 v 9 Dj Xw/l A"”: ]

J' _ & PDN@Eib 4 A

2
n SN3/Jje Bu Caw/l"e

D PUNA | HC T D_||:

<41 >



N T z

A c 1bit1 —p -

A[n-1:0] + B[n-1:0] = S[n-1:0]

C

lin

A _,| 1-bit Full
Adder
B, (FA)

-

l

C

out

C, = AB + BC; + AC; = AB + (A + B)(;
S=A®B®C; =ABC;+ C,(A+ B+ ()

A B C., Cout S carry status
S0 | o] o 0 0 kill

0 o/ 1 0 1 kill

/0 AT\ 0 0 1 propagate
/0 1 \'nl 1 1 0 propagate
\ 1 0 ;"I 0 0 1 propagate
N o/ 1 1 0 propagate
71 1| o 1 0 generate
N 1./ 1 1 1 generate

G=AB, K=AB, P=A®DB

0ys ' Nk Xy

cC NI

<D

LR »
NELF TP

598 PEKING UNIVERSITY

<42 >



N I 7K F

Gios PEKING UNIVERSITY

N T z

A c 1bit1 —p -

« C,=AB + BC; + AC; = AB + (A + B)(;
c« S=AP®B®C;=ABC;+C,(A+B+C)

* 28 transistors Voo
V
_'I_DDI'_ ¢c—q| Ad| B
O e
- - A
s | L
:l P-C; — _ql: ID_B Voo
A4 [ X:f= L
1 . P_Ci |_o|
Ci — A =
— c Lﬁ

6ys ' JkXy = <43>



N E

CONTENTS

CMOS Y\ |
: A D]
N : j QZ



KWa= A AT LS

PEKING UNIVERSITY

Amlnverter 2 A 5 FRAE

25
V:'u J
2f ]
Strong PMOS
VDD & 50% :
—_ * Weak NMOS | I
1.5 | | !
B S ominal : T : | >
3 It | |t |
Vin _ Vout > |Strong NMOS PHL | DR
1t - \% ) -~
Weak PMOS o i | |
] | 1
i 05 Y
|- 50%
|
0 . : 10%
0 05 1 15 2 25 —
.
v, W) kN

0ys + Nk Xy R



A First- Order RC Network

Vor
Vl. n

o ../’tf'

Voo |,
Vet _f-
O
— Vout our(z) (1_ > T)Ep/ = 'LUM
o @N\E ) 7=kl ft/r o

1, =In(2)7=0.69Rx(C t= kT

0ys * NkXy <46



VDD VDD

L

Vin Vout I3 Vout

%[ —=C,

(a) Low-to-high

0ys ' Nk Xy

VD

L %?

D
Vin Vout W Vout
#[ % —=C_,

- Vin= Vpp
(b) High-to-low

598 PEKING UNIVERSITY

to = J(RyxC))
tmr = 0.69Ry x (]}

=0.69R, xC,

pLH

<47 >






