VLSI_HW3_105060012 3E &£

1.
Omeisp = rwiss x

Meect e operating point status is all simulation time is

“Ub * . 0.

: "u':m:::eu v node =voltage node =voltage node =voltage
:::zon ﬁst +0:1n = 9060.0000m @:outl = 463.8172m 0:vdd = 1.8000
.option captab

$ DGSB maximum nodal capacitance= 1.568E-18 on node

Mnl outl in gnd gnd N_18 w=0.5u 1=0.18u m=1 8:outl

Mpl outl in vdd vdd P_18 w=1.5u 1=0.18u m=1 sodsl capacitance table

Cl outl gnd 158p node = cap node = cap node = cap

vdd vdd gnd 1.8 .
Vin in gnd 0.9 +0:1n = 3.7804f 0:outl = 150.0025p 0:vdd = 7.5975f

*Vin in gnd pulse (6 1.8 © 6.01n 0.61 9.99n 106n)

-op **** voltage sources

*.dc Vin 8 1.8 8.01

*.measure tran V_deriv find V(Vout) when deriv('V(Vout)®)=-1 :::::t 0:vdd 9:vin

end volts 1.8000 900.0000m

current -66.711%u  ©.
power 120.8815u 0.

total voltage source power dissipation= 120.0815u watts

H_EEEHI(W/L)y = 0.5u/0.18p, (W/L)p = 1.5u/0.18p4H3%HY inverter {Y input
capacitance C;, = 3.78fF
(a)

| EHLEFEE R 9 [ inverter @HTYIMY delay » LUTFE"9 {H inverter
AHE” (B3R ) 6277 {1 inverter AHZE" LUK 11 fi] inverter AHE" (] delay i
o

Fall delay Rise delay

7 { inverter A3 602ps 593ps

9 {[& inverter H 8 598ps 593ps

11 [ inverter fH7H# 628ps 622ps
H_EFRER 0 7 9 (@ inverter FHE" VIR E E1F Fall delay 72 1E Rise
delay #i2 =FWNRfE » FFETHAVEGER

. DUN A" 7 { inverter fH7E” ~ 79 {[& inverter FH7E” ~ 711 {[& inverter fH
#H” delay
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Joa o] |0

Grwins x [[Jrwisp x| [Jnwd7sp x
mi3_7

protect

.lib ‘cicBl8.1" TT

unprotect

temp 25

option post

option captab

$ DGSB
Mnl outl in gnd gnd N_18 w=0.5u
Mpl outl in vdd vdd P_18 w=1.5u
Mn2 out2 outl gnd gnd N_18 w=d.5u
Mp2 out2 outl vdd vdd P_18 w=1.5u
Mn3 out3 out2 gnd gnd N_18
Mp3 out3 out2 vdd vdd P_18
Mnd outd out3 gnd gnd N_18
Mpd outd out3 vdd vdd P18
M5 out5 outd gnd gnd N_18
Mp5 out5 outd vdd vdd P_18
Mn6 outé out5 gnd gnd N_18
Mp6 outh out5 vdd vdd P_18
Mn7 out7 out6 gnd gnd N_18
Mp? out7 outé vdd vdd P18

0.18u m=5
0.18u m=5
0.18u m=21
0.18u m=21
0.18u m=94
0.18u m=94
0.18u m=424
0.18u m=424
0.18u m=1926
0.18u m=1926
0.18u m=8743
0.18u m=8743

C1 out? gnd 150p
vdd vdd gnd 1.8

*Vin in gnd 0.9
Vin in gnd pulse (8@ 1.8 @ ©.01n 0.81n 9.99n 2@n)

op
tran 0.1n 3pn

*.dc Vin ® 1.8 8.01
* measure tran V_deriv find V(Vout) when derivi(‘V(Vout)

end

Ble Edt View Search Tools
~G @K foo 5[0 B & Q

W@
.

ErorarEie SIS SN R New Open  Save

Documents  Help

S 6 8 9
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w3

protect

lb ‘cicol8.1' TT

unprotect

temp 25

option post

option captab

$ DGSB
Ml outl in gnd gnd N_18 w=0.5u
Mpl outl in vdd vdd P_18 w=1.5u
Mn2 out2 outl gnd gnd N_18 w=0
Mp2 out2 outl vdd vdd P_18 w
Mn3 out3 out2 gnd gnd N_18 w.
Mp3 out3 out2 vdd vdd P_18 w
Mnd outd out3 gnd gnd N_18 w.
Mpd outd out3 vdd vdd P_18 w
MnS out5 outd gnd gnd N_18 w
MpS out5 outd vdd vdd P_18 w.
Mn6 out6 out5 gnd gnd N_18 w
W
W
W
W
W
w
w

i

Mp6 out6 out5 vdd vdd P_18
Mn7 out7 out6 gnd gnd N_18
Mp7 out7 outé vdd vdd P_18
Mn8 out8 out? gnd gnd N_18
Mp8 out8 out? vdd vdd P_18
Mn9 out9 out8 gnd gnd N_18
Mp9 out9 out8 vdd vdd P_18

LolOhoORO RO ROMO N

18u m=12236

Cl out9 gnd 156p

Vdd vdd gnd 1.8
*Vin in gnd 0.9
Vin in gnd pulse (0 1.8 6 0.01n 0.01n 9.99n 20n)

op
tran 0.1n 3pn

inverter fH7E
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x| Gnwiilsp x

Orwses x |Jnwisp x
hw3_11

protect

lib 'cicOl. 1" TT
unprotect

temp 25

option post
option captab

) DOhw3_7w0 L&)
taplevel

vl
Fud_11LiD

$ DGSB
Mnl outl in gnd gnd N_18 w=0.5u 1=0.18u mel
Mpl outl in vdd vdd P_18 w=1.5u 1=
Mn2 out2 outl gnd gnd N_18 w=0.5u
Mp2 out? outl vdd vdd P_18 w=l.5u
Mn3 outd out2 gnd gnd N_18 w
Mp3 out3 out2 vdd vdd P_18 w
Mnd outd out3 gnd gnd N_18 w
Mpd outd outd vdd vdd P 18 w
MnS out5 outd gnd gnd N_18 w
Mp5 out5 outd vdd vdd P_18 w
Mn6 out6 out5 gnd gnd N_18 w
Mp6 out6 out5 vdd vdd P_18 w
w
v
w
w
w
w
8

M7 out? outé gnd gnd N_18
Mp7 out? outé vdd vdd P_l8
M8 out8 out? gnd gnd N_18

‘18u m=B44

Mp8 out8 out? vdd vdd P_18

Mn9 outd outB gnd gnd N_18 .18u m=2210
Mp9 outd outB vdd vdd P_l8 18u m=2210
Mnl® outl® outd gnd gnd N_Li @ . 18u m=5787

Mpl@ outl® outd vdd vdd P_18 Su 1=08.18u m=5787
Mnll outll outl® gnd gnd N_18 w=0.5u 1=0.18u m=15155
Mpll outll outl® vdd vdd P_1B wel.5u L=0.18u m=15155

C1 outll gnd 158p

Vdd vdd gnd 1.8
*Vin in gnd 0.9
Vin_in nnd nulse (A 1 8 A A Aln A Aln 9 99n 2An) C

A e R
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DA B2 node HY Fall delay DA K% Rise delay

B 54 propagation delay for rising input

B Custom WaveView Version
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40
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Output View

il oo £l xf0
= () DO w0

45 0 bl Ol = [ 2] GLIL ] = x 5
10n 101
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B 54 propagation delay for falling input

I B Custom WaveView Version K-

File WaweView Panel Axes Tools Config Help

Synopsys. Inc. @ws40 - o0 X

E¢ S dT ETXBUh /A vFOREY D B X w4l <o
Output View L Tl =3
5 € DO hw

tvdd)
(vin)

TIME(seq) (lin)

Filer AN =] | waveview 1 | waveview 2

0%
B Custom WaveView Version K-2015.06 Synopsys, Inc. - @wsA40 a *
File WaweView Panel Axes Tools Config Help

Etade ETXRQR;E v o I 5 oo
Output View L

= () DO w0

o
P2528,0.9
£ 523.0 500

SO — 150,09
P2598p,0.9
A 593p,0 5.0.0

Fier [ [an =] [ waveview 1 waveview 2

For rising input For falling input
Outl 42.4ps 45.3ps
Out2 115ps 113ps
Out3 181ps 184ps
Out4 253ps 250ps
Out5 318ps 322ps
Outb6 390ps 387ps
Out7 455ps 459ps
Out8 527ps 523ps
Out9 598ps 593ps

4
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N=9, —‘%&B@ delay(d)HQ outg Fall delay -; outg Rise delay x é =d

f= 1 1
2Nd  (598+593)x10712

AL B 151 oscillation loop HY frequency JE:% /T 839.63MHz [T

~ 839.63MHz

B %{E node 1 frequency

B a
File  WaveVi Panel Axe: nfig Help
EradldpEIxB QA uIE ISR 4
Output View LY rerereisie:
&) DO w3 x0
= topleve : . ——
(5 DO hw3did
T )

" F812M TL23n
%

v F8IM T1.230
v *

v EBI2M T1.23n

TIME( ! 1n
Filter [ =] | wave: aveview 2 waveview 3 | waveview 4

-\ F8L0M T1.23n

r FEI2M T1.23n

. F8LM T1.23n

1n
Filter [l -] aveview 2 | _waveview 3 _waveview 4 [

0%

B EEREE ¢ BEUR oscillation loop HY frequency K&JY&(F 811.33MHz » Bl
I RAE A E 3.4%15572(= (839.63 — 811.33/839.63)) -

B 53f7 : A node out9 - L EHEEIF A Input g ABEAR S & 5 i — 16
output loading(Coute) * FE[HIZEE—ERELES—&RHY input loading M5
- Capacitance )1 = RC time constant )1 = X 4RAY delay 1
0 > FEEF(f = 1/(2Nd)) T - MG ERIRR e LB R EKATK -

5



(e)

node = cap
+0:0utl =
+0:0utd =

+0:0ut? =
+0:vdd

node

15.0219f O:out2
495.6539f 0:out5

18.5868p 0:out8
118.5406p

LLEJZAE out9=0.9V T node HYEEEME » Cooran¥H &8 Craa » RNBILEEAE
T > G ERFHE STEAIRAR

VLSI_HW3_ 105060012 5EEF~

= cap node = cap
= 47.1499f 0:out3
= 1.7696p 0:outb

= 52.8386p 0:o0ut9 =

169.1755f
5.2079p
184.8571p

9Ctotal = Coutl + Coutz + Cout3 + Cout4 + CoutS + Cout6 + Cout7 + CoutB + Cout9
P = Ciora X Vi X = (263.987 x 10712) x 1.82 x (811.33 x 10%) = 693.9mW
H bt B 4 Power~ 693.9mW

(f)

(3 hw3tsp (~/VLSVHW3) - gedit@ws40

Ble Edt View Search Jools Documents Help

B E|.d &

New Open | |Save Print.
[ hw3rsp =

.option captab

$ DGSB

Mnl outl out9 gnd gnd N_18 w=0.5u 1=0.18u m=1
Mpl outl out9 vdd vdd P_18 w=1.5u 1=0.18u m=1
Mn2 out? outl gnd gnd N_18 w=0.5u 1=0.18u m=3

Mp2 out2 outl vdd vdd P_18 w=1.5u 1=0.18u m=3

Mn3 out3 out2 gnd gnd N_18 w=0.5u 1=0.18u m=11
Mp3 out3 out2 vdd vdd P_18 w=1.5u 1=0.18u m=11
Mnd outd out3 gnd gnd N_18 w=0.5u 1=0.18u m=34
Mp4 outd out3 vdd vdd P_18 w=1.5u 1=0.18u m=34
Mn5 out5 outd gnd gnd N_18 w=0.5u 1=0.18u m=111
Mp5 out5 outd vdd vdd P_18 w=1.5u 1=0.18u m=111
Mné out6é out5 gnd gnd N_18 w=0.5u 1=0.18u m=359
Mp6é out6 out5 vdd vdd P_18 w=1.5u 1=0.18u m=359
Mn7 out7 outé gnd gnd N_18 w=0.5u 1=0.18u m=1163
Mp7 out? out6 vidd vdd P_18 w=1.5u 1=0.18u m=1163
Mn8 out8 out7 gnd gnd N_18 w=0.5u 1=0.18u m=3773
Mp8 out8 out7 vdd vdd P_18 w=1.5u 1=0.18u m=3773
Mn9 out9 outB8 gnd gnd N_18 w=0.5u 1=0.18u m=12236
Mp9 out9 out8 vdd vdd P_18 w=1.5u 1=0.18u m=12236

Cl out9 gnd 158p

Vdd vdd gnd 1.8
*Vin in gnd 0.9
*Vin in gnd pulse (8 1.8 0 0.01n ©.81n 9.99n 20n)

.ic out9 1.8

.op

.tran 8.1n 5n

$ measure one period time average power

.meas tran pwrl AVG POWER from=2.57n to=3.18n

*.dc Vin @ 1.8 0.01

.end

B &
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5 nw3rmo =

TITLE "hw3f
purl
0.7835

temper

alter#
25.0000 1

Ln 23, Col 16

INS

Lnl Coll NS

B EFEiEE  Power = 783.5mW

WSyl R EBREUT - LG power 455783.5mW » Hi(e) (i FLHY
Power=693.9mW f789.6mW - iR Rk P (o) (s A HE
dynamic power 53 » Z43fipower = dynamic power + static power >
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(8)
B Version2(54%hK)

¢ Gt (R

subckt inv_chain2 vdd vss outl ou

hw3_post2sp %

S 7 s g [
out3 outd out5 out6 out7 out8 out9 finv_chain post

X1 VSS VDD OUT1 OUT2 OUT3 OUT4 OUTS OUT9 OUT6 OUT7 OUT8 inv_chain2
P_18 w=1.5u

N_18 w=0.5u
P_18 w=1.5u

Mp6 out6 out5 vdd
Mn7 out? out6 vss
Mp7 out? out6 vdd
Mn8 out8 out7 vss N_18 w=0.5u
Mp8 out8 out7 vdd P_18 w=1.5u
Mn9 out9 out8 vss vss N_18 w=1l.1lu
Mp9 out9 out8 vdd vdd P_18 w=3.3u
ends

0.18u
0.18u
0.18u
0.18u
0.18u
18u
0.18u

359

1163
1163
3773
3773

:1)’:;:: ic out9

vdd vdd gnd 1.8
vss vss gnd 0
Cl out9 gnd 150p

Mnl outl out9 vss vss N_18 w=0.5u 1=0.18u mel Sretace
Mpl outl out9 vdd vdd P_18 w=1.5u 1=0.18u mel Hidi I
Mn2 out2 outl vss vss N_18 w=0.5u 1=0.18u me3 Gfprotact
Mp2 out2 outl vdd vdd P_18 w=1.5u 1=0.18u me3
M3 out3 out2 vss vss N_18 w=0.5u 1=0.18u mell temp 25
Mp3 out3 out2 vdd vdd P_18 w=1.5u 1=0.18u m=1l
Mnd outd out3 vss vss NC18 wed.5u 1o0.18u me3d optionipost ‘scoutsd. yantylad
Mp4 outd out3 vdd vdd P 18 w=l.5u 1=0.18u m=34 : : .
M‘m bt fhir R ot 8,180 malll include './inv_chain2.pex.spi
MpS out5 outd vdd P 18 w=1.5u 1=0.18u m=111 :
MnG outé outs vss NT18 w=0.5u 1=0.18u m=359 chreydt descrepion
m
m
m
m
m
m
m

ut2
1
1
1
1
1
1
1
1
N_18 w=0.5u 1
1
1
1
1
1
1
1
1
1

1.8

** simulation setting
op

tran 0.1ns 10u

meas tran pwrl AVG POWER from=2.76u to=du

end

€ layout {EE -
(20T ) ST 178 &R R IEAR » B (% SE 9 i 2 —FIEIE 1
4R &EE 8 4 Rl
- B it  p oo i
€ % node YR

® vaves o 20 opsys ine. Gusd - 8 x
File WaveView Panel Awes Tools Config Help
EvadEITXT|RA W/ @ BORIES ™0 W

S EEEEE AT T =T >

" F 810k T1. 23

waveview § | waveven 7 |

vaves o 20 opsys ine. Gusd - 8 x
File WaveView Panel Awes Tools Config Help
EradPEIXT|RA /@ vBOREYTUIL

R Gl A S SR

— P15.230,

"\ FEIOK T1.23u

waveien 3 |_watevien's_wavevew 7
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& J7ER 0 810kH:z
€ Power consumption : 44.66mW

pwrl temper alter#
4.466e-02 25.0000 1

& i
1. A
B XK pex 12 HIHIAY frequency fFy 810kHz Eal(d)HI N YA
811.33MHz (ideal)fH 7545 1000 £
B RfER AR IR delay BiE » 283 delay H 22087 EIHHIEE
2 ERNRTAEBERIEE I mos BXE NI -
PO EEETLEK width SERHYSZEE - AT delay $11 -
2. Power:
B 558 pex 1&3 01 HY power B 44.66mW E(f)3H]HH 1Y power
783.5mW(ideal)}H7=E4Y 17.5 & -
B Power B/ \HYHRZEES 8 RAIE 9 4kHY delay BEAA ML
RE—HEIARIEE > HIE average power K i EE(f)HIHY{E
JIN o
B T ENFI(Versionl)
& 5T (RTHEEFEAYRRA)

L

subckt inv_chain vdd vss outl out2 out3 out4 out5 out6 out7 out8 out9 finv_chain_post
Mnl outl out9 vss vss N_18 w=0.5u 1=0.18u m=1 protect
Mpl outl out9 vdd vdd P_18 w=1.5u 1=0.18u m=1 b “cicOl8.1° TT
Mn2 out2 outl vss vss N_18 w=0.5u 1=0.18u m=3 unprotect
Mp2 out2 outl vdd vdd P_18 w=1.5u 1=0.18u m=3
Mn3 out3 out2 vss vss N_18 w=0.5u 1=0.18u m=11 temp 25
Mp3 out3 out2 vdd vdd P_18 w=1.5u 1=0.18u m=11 option post acout=0 runlvl=6
Mnd4 outd out3 vss vss N_18 w=0.5u 1=0.18u m=34
Mpd outd out3 vdd vdd P_18 w=1.5u 1=0.18u m=34 include './inv_chain.pex.spi’
Mn5 outS outd vss vss N_18 w=0.5u 1=0.18u m=111
Mp5 outS outd vdd vdd P_18 w=1.5u 1=0.18u m=111 Jessscsssecennes circuit description ****ssseseveses
Mn6 out6 outS vss vss N_18 w=0.5u 1=0.18u m=359 X1 OUT9 VSS VDD OUT1 OUT2 OUT3 OUT4 OUTS OUT6 OUT7 OUT8 inv_chain
Mp6 out6 out5 vdd vdd P_18 w=1.5u 1=0.18u m=359
Mn7 out7 out6 vss vss N_18 w=0.5u 1=0.18u m=1163 vdd vdd gnd 1.8
Mp7 out7 out6 vdd vdd P_18 w=1.5u 1=0.18u m=1163 vss vss gnd ©
Mn8 out8 out7 vss vss N_18 w=0.5u 1=0.18u m=3773 Cl out9 gnd 150p
Mp8 out8 out7 vdd vdd P_18 w=1.5u 1=0.18u m=3773
Mn9 out9 out8 vss vss N_18 w=0.5u 1=0.18u m=12236 ic out9 0.9
Mp9 out9 out8 vdd vdd P_18 w=1.5u 1=0.18u m=12236 = [Jeessssssssssses simulation setting ****sssssssssss

ends op
tran 0.1ns 10u

meas tran pwrl AVG POWER from=3.25u to=5.8%u

end

¢ layout:
|
€ X node HY R TP E]
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& JEER 0 379kHz
€ Power consumption : 12.23mW

pwrl temper alter#
1.225e-02 25.0000 1

& HTEL B1&HY version2) :

1.

I ELATSEER > Out9 g2 9 4y output BEAVIRZ P i 5 5
I B R IEETREAESS 9 Y metal I0 £ » (15 metal
VB AEEAEMEIHECK - #EMF2 2 Out9 HYKJP AL ERS
o A& AV AH 810kHz B R ATHYAHEAS 379kHz £ » 41 E4lt -
FHIATN B 9 4Ry size » {F1555 9 R Ml 5 1 4R0F15E 8
4R metal J&k/D o HEMESE metal FAYZ 4B A FIZ4EH
HIs 8 -

K B 181 power = 44.66mW JRETA B RHiTHY power = 12.23mW
& R RIS B S -



