6l lHH'ﬂ(’JﬂNﬂﬂiﬂQ Wi&'ﬂﬂﬂ!ﬂﬁ]ﬁ‘]ﬂﬂi”ﬂq

S

a d a d
ﬂ]iﬂﬂﬂ!!ﬂﬂ?ﬁ%i%ﬂ@ﬁ‘ﬁuﬂ‘nﬂiﬂ!ﬂﬂi

a d d ~
uazaunasmaﬁﬁ’wmﬂuﬂmsymmﬂ

A DESIGN OF BOOTSTRAPPED CMOS SCHMITT TRIGGER
AND INVERTER CIRCUIT

 Emm
T ; \

043 79

a &
MYy Pe

TWITCH CHUMUANG

By

-

' ) M
lﬂ'll'ﬂl.,!
faune u‘;tm 5%%%22%5 . Bleeeeerreseesrressesessenesass
«
TR RO R LBChly | R

a o 2 o \ 4 = s o e A
IentinusilugunivesmsanmnmundngasiSyaimnssumansumdadn
&
;v Ieansnivih
g a S hd
HaefinInnds
o 3 Yy ¥ o’
antumalulagnszesundudigammsmanseila
W.H. 2545

ISBN 974-648-581-4



A DESIGN OF BOOTSTRAPPED CMOS SCHMITT TRIGGER
AND INVERTER CIRCUIT

TWITCH CHUMUANG

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE OF
MASTER OF ENGINEERING IN ELECTRICAL ENGINEERING
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG
2002
ISBN 974-648-581-4



COPYRIGHT 2002
SCHOOL OF GRADUATE STUDIES
KING MONGKUT’S INSTITUTE OF TECHNOLOGY LADKRABANG



Y] o =Y - =Y o
eI netinug MIPONULUINT FUBATINTINS ALnes

a o gy )
LLﬁSE]UL’JGim@iﬂ?ﬂlﬂﬂuﬂﬂ'li‘];‘lﬁll%ﬂ

HnfAnEN Wy piles
sHo)azdea 40061041

U3gyan NI SUANAATINITUNA
I Feanssuluih

WA, 2545

d = o d o
91%155]93?13'1]?1‘“'3718“4“1&5 IALAT.ADUYY IAYVINY

UNAAED
a = o o ay ad a g o a o a o
AINBTUNUTRU VWA UBITNTTBBAUUVINITOUIIBIADIUAS NITYUNNINTNUND T
b4 =3 & g Yo A 1w av o Ao o Y J
aematiansyaauasUsatumslddnamgendidne Ikifeeesdulndaduauetd
o 9 4 < ° a o o ar
nadeh IrsshesnuuuiimmiS ) lumsiwuguasdnvuzdyauwewwadiannsa
o Y U = [ dv o A o ° a
i’f’NhlﬂlﬂiJUTH'YISSﬂﬂﬂﬂﬂﬂﬂmm’lﬂﬂiﬂ'm 1 Than nanisnaassnszyii laensi@suuuums

e lasldlusunsu PSpice



Thesis Title A Design of Bootstrapped CMOS Schmitt Trigger

and Inverter Circuit

Student Mr. Twitch Chumuang

Student ID. 40061041

Degree Master of Engineering

Program Electrical Engineering

Year 2002

Thesis Advisor Assoc. Prof. Dr.Kobchai Dejhan
ABSTRACT
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a d ’ a d d
Nﬁ)i’ﬁ’l5114"15’(';1’!?1?]51N8ﬂﬂm‘f’ﬂuﬂ1§ﬂﬂﬁi‘)ﬂ?ﬂ%iﬂ‘H!Tﬂi!ﬂE)‘i

o o o
AT N .1 A5 UDINDANIT UTNADT

Tuea 035 Llm
woansWFetiaes

NMOS PMOS
finmunsalaad (V) 05V 05V
AwntesnvesTsanTedanasounSnaia (L) 1000 cm’/(V.5) 500 cm/(V.s)
amminsueenlad ) 10x10” m 10x10” m
AuMSIAUYTouRDRAIEY (CI) 500 JLF/m’ 618 |LF/m’
muwi’umuﬁmudasauafnmmzmsuh’upusm (CISW) 180 PF/m 220 PF/m
Aanverpduaziasu lugusee (XI) 0.1 Llm 0.1 lm
aunuanua (W) grsnii 02,34 | gnsuiiez, 3,4
AINIIYAIYG (L) AnNRv2,3,4 | graniez 3,4
ANNYNVBAATULAZYDA (Y) 5 lm 5 Hm
AMsuABUARIAUN 3514107 (W/L) A/V® | 1.76%107(W/L) AV

1 ' o = a L4
A137197 1.2 MannSuauriveseamswmdmaes luasesduneiiaesuumnasgu

Conv. W L e 74 C, CGDO | CSDO
Inverter (m) (m) (F) ®) ® (F/m) (F/m)

Ml 20410° | 035+10° | 2.46*10™ | 631*10™ | 631*10™ | 2.08+10™ | 2.08%10"
M2 20%10° | 035%10° | 2.46*10™ | s.11%10™ | s5.11%10™ | 2.08*10™ | 2.08*10™
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Previous w L C, Cs C, CGDO CSDO

Inverter (m) (m) ® 1Y) 6] (F/m) (F/m)

Ml 10410° | 035*10° | 1.23*10™ | 3.16*10™ | 3.16*10™ | 2.08*10™° | 2.08*10"°
M2 1#10° | . 035%10° | 1.23*10™ | 2.57%10" | 2.57%10™ | 2.08*10™ | 2.08*10"
M3 08*10° | 035¢10° | 9.84*10™ | 2.55%10" | 2.55%10™ | 2.08%10™ | 2.08%10™"°
M4 22#¢10° | 035%10° | 9.84*10™ | 2.55%10™ | 2.55%10™ | 2.08*10" | 2.08*10"
MS 0.8*10° | 035¢10° | 2.71*010" | 5.63*10" | 5.63*10™ | 2.08*10" | 2.08*10™
M6 20¢10° | 035+10° | 2.46*#10™ | 5.11*%10™ | 5.11*10™ | 2.08*#10" | 2.08*10™
M7 20*10° | 035%10° | 2.46*10™ | s5.11*10™ | s.11%10™ | 2.08+10™ | 2.08#10"

4 1 a o o o a o o '
ﬂ’ISN‘YdI U4 fA1f mwcmmu“nvmuaﬁmmcﬁﬁmaﬂuN ﬂsyﬂmmsﬂaunasmaﬂmﬂnn

Proposed W L C, Cy C, CGDO CSDO

Inverter (m) (m) @ ® ¥ . (F/m) (F/m)

M1 10¢10° | 035*10° | 123*10™ | 3.16*10™ | 3.16*10™ | 2.08#10™ | 2.08*10™
M2 1*10° 035+10° | 123*10™ | 2.57%10" | 2.57%10™ | 2.08*10™ | 2.08+10™"
M3 0.8+10° | 035*10° | 9.84*10™ | 2.06%10" | 2.06*10™ | 2.08*10"° | 2.08*10™
M4 08*10° | 035*10° | 2.71*10™ | 5.63*10° | 5.63*10™ | 2.08#10™ | 2.08*10™
M5 22+10° | 035%10° | 9.84*107° | 2.55%10" | 2.55%10™° | 2.08*10" | 2.08*10™
M6 20#10° | 035*10° | 246*10™ | 631*10™ | 631*10™ | 2.08*10™ | 2.08*10™
M7 20*10° | 035*10° | 2.46*10™ | s5.11#10™ | 5.11%10™ | 2.08%10™ | 2.08+10™°
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A1314 0.1 Saulsvesueamswudmaes

) 4
UIANTIUFNADT

Tuaa 035 pm

NMOS PMOS
finmunsalsad (V) 045V -0.45V
anuAdesvesTsanIodanasouuTioaia (L, 1000 cm/(V.5) 500 cm’/(V.5)
ammunsueen'lad () 10x10” m 10x10” m
pumSumuissuReARIB (CJ) 500 LLF/m’ 618 LF/m’
AMUNFUAUNTDUADTDUFBABZIATUN UMD (CISW) 180 PF/m 220 PF/m
anudnvesreaaziasLIug LT (XJI) 0.1 Hm 0.1 lm
arwunhausanua (W) amadi a2, 3 AT 02,3
APWUTMFBNUA (L) amInii n2,3 AN A2, 3
AWYIIVOUATULASTRT (Y) 5 m 5 m
M3 mABUARIAUN 3.51%10" (WL) A7V’ | 1.76%10" (WL)A/V?

AT NT 7.2 AR WNTUAUNYBINO ENT LT enD S U995 Buaawnyms ninesuuy vl

Previous w L Cg s, C, CGDO CSDO
Inverter (m) (m) (F) (4] F) (F/m) (Ffm)
Ml 10°10° | 035+10° | 123*10™ | 3.16%10™ | 3.6%10™ | 2.08*10™ | 2.08*10™"
M2 10410 | 035%10° | | 3410™ |. 255%10™ | 2.55%10™ | 2.08*10™ | 2.08¥10™
M3 6*10° 035+10° | 738+10™ | 1.89*10™ | 1.89*10™ | 2.08*10™ | 2.08*10™"
M4 0.5*10° | 035%10° | 615410™ | 120%10% | 120%10™ | 2.08*10™ | 2.08*10"
M5 08*10° | 035*10° | 9.84*10™ | 2.55*10" | 2.55¢10™ | 2.08%10" | 2.08*10"°
M6 035%10° | 035%10° | 430%10™ | 9.11%10™ | o.11%107™ | 208%10™ | 2.08*10™
M7 035*10° | 035%10° | 430%10% | 1.13*10" | 1.13*10" | 2.08*10" | 2.08*10™
MS$ 14410° | 035%10° | 344410" | 716%*10%° | 7.16%10™ | 2.08*10"° | 2.08*10"°
M9 0.7#10° | 035*10° | 72%10™ | 4.44%10" | 444%10™ | 2.08*10"° | 2.08*10"°
M10 0.7+10° | 035*10° | ge1#10™ | 180%10% | 1.80*10" | 2.08*10" | 2.08*10™
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Proposed | W L C, C, C, CGDO | CSDO

Inverter (m) (m) ¥ (4] ® (F/m) (F/m)

Ml 10#10° | 035*10° | 123*10™ | 3.16*10™ | 3.16*10™ | 2.08+10" | 2.08*10™
M2 10410° | 035%10° | o310 | 2.55010™ | 2.55+10™ | 2.08#10™ | 2.08*10™
M3 6%10° 035#10° | 738*10™ | 1.89*10™ | 189*10™ | 2.08*10™ | 2.08*10™
M4 0.5%10° | 035%10° | 6154107 | 120%16"™ | 120%10™ | 2.08%10" | 2.08*10™
MsS 0.8*10° | 035*10° | 9.84*10™ | 255%10™ | 2.55¢10™ | 2.08*10™ | 2.08*10™
M6 035%10° | 035*10° | 430%10™ | 9.11%107 | 9.11%10™ | 2.08*10™ | 2.08*10™
M7 510 035*10° | 6.15*10" | 1.58%10™ | 1.58*10™ | 2.08*10™ | 2.08*10™
M8 3#10° 035*10° | 3.69*10" | 7.67%10" | 7.67*10™ | 2.08*10™ | 2.08*10™
M9 1*10° 035*10° | 1.23*10™ | 2.57%10" | 2.57%10" | 2.08*10™ | 2.08*10™
MB 8*10° 5%10° 141%10" | 1.28%10™ | 128*10™ | 2.08+10™ | 2.08*10™
M11 035*10° | 035%10° | 430¢10™ | 113%16" | 1.13*10™ | 2.08*10™ | 2.08*10™
M12 14%10° | 035%10° | 344¢10% | 716410 | 7.16%10% | 2.08*10™ | 2.08*10™
MI3 0.7#010° | 035%10° | | 70%10™ | 444%10° | a44%10 | 208%10" | 2.08*10™°
M14 0.7*10° | 035*10° | ge1*10™ | 180%10™ | 180%10" | 208*10" | 2.08*10™
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+**CMOS INVERTER compare with three circuit /BY TWITCH**
VDD 98 0dc1.0

vtstp 9810

fp 0 99 vtstp 0.025

rp 99 0 100k

cp 99 0 100p

**Proposed circuit**

M13in11MP L=0.35U W=10U

M2 3 in 0 0 MN L=0.35U W=1U

M3 4 in 0 0 MN L=0.35U W=0.8U

M4 5311 MP L=0.35U W=0.8U

M5 5344 MN L=0.35U W=2.2U

M6 out_proposed 5 1 1 MP L=0.35U W=20U
M7 out_proposed in 0 0 MN L=0.35U W=20U
CB1 4 in 106fF

*M114 in4 4 MP L=5U W=8U

**Previous circuit**

MIA 13in1 1 MP L=0.35U W=10U

M2A 13 in 0 0 MN L=0.35U W=1U

M3A 14131 1 MP 1L=0.35U W=0.8U

M4A 15 in 14 14 MP L=0.35U W=2.2U

MS3A 15in 0 0 MN L=0.35U W=0.8U

MS6A 1 15 out_previous out_previous MN L=0.35U W=20U
M7A out_previous in 0 0 MN L=0.35U W=20U
CB2 13 14 103fF

*M11A 13 14 13 13 MN L=5U W=8U
**Conventional CMOS **

M6B out_conv. in 1 1 MP L=0.35U W=20U
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M7B out_conv. in 0 0 MN L=0.35U W=20U

CL1 out_proposed 0 {CVAL}

CL2 out_previous 0 {CVAL}

CL3 out_conv. 0 {CVAL}

PARAM CVAL=0.5E-12

.STEP PARAM CVAL 1.0E-12 5E-12 0.50E-12

.MODEL MN NMOS VT0=0.5 U0=1000 TOX=10E-9
+CGDO0=2.08E-10 CGS0O=2.08E-10 CJ=500E-06 CISW=180E-15
.MODEL MP PMOS VTO=-0.5 U0=500 TOX=10E-9
+CGDO=2.08E-10 CGSO=2.08E-10 CJ=61§E-06 CISW=220E-15
TRAN 1pS 20NS

PROBE

.END
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**Compare with previous and propuse CMOS schmitt /BY TWITCH**
VDD 980dc 1.0

vistp 9810

fp 0 99 vtstp 0.025

rp 99 0 100k

cp 99 0 100p

**Proposed Circuit

M1 out_Proposed 6 1 1 MP L=0.35U W=10U
M2 out_Proposed 10 0 0 MN L=0.35U W=10U
M3 6in 1 1 MP L=0.35U W=6U

M4 6 in 7 7 MN L=0.35U W=0.5U

M510in1 1 MP L=0.35U W=0.8U

M6 10 in 0 0 MN L=0.35U W=0.35U

M78in1 1 MP L=0.35U W=5U

M8 8 in 0 0 MN L=0.35U W=3U

M9 7800 MN L=0.35U W=1U

**CbOOt**

*M107 8 77 MN L=5U W=8U

CB 78 103F

M11 out_Proposed 12 1 1 MP L=0.35U W=3.5U
M12 out_Proposed 12 0 0 MN L=0.35U W=2.8U
M13 12 out_Proposed 1 1 MP L=0.35U W=14U
M14 12 out_Proposed 0 0 MN L=0.35U W=0.7U

**¥Previous circuit '
M21 out_Previous 16 1 1 MP L=0.35U W=10U
M22 out_Previous 110 0 0 MN L=0.35U W=10U
M23 16in 1 1 MP L=0.35U W=6U

M?24 16 in 0 0 MN L=0.35U W=0.5U
M25110in 11 MP L=0.35U W=0.8U

M26 110 in 0 0 MN L=0.35U W=0.35U
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M27 out_Previous 112 1 1 MP L=0.35U W=3.5U

M28 out_Previous 112 0 0 MN L=0.35U W=2.8U

M29 112 out_Previous 1 1 MP L=0.35U W=1.4U

M210 112 out_Previous 0 0 MN L=0.35U W=0.7U

CL1 out_Proposed 0 {CVAL}

CL2 out_Previous 0 {CVAL}

*VS 2 0 PULSE (0 1.0 0 10MS 10MS INS)

VS 50 dc 0 PULSE 0 1.0 0.002ns 9.998ns 9.998ns 0.002ns 20ns
VS in 0 PWL (0,0 10N,1.0 20N,0 30N,1.0 40N,0)

*VS in 0 sin(0.5,0.5) 50000k

PARAM CVAL=0.5E-12

.STEP PARAM CVAL 0.5E-12 3E-12 0.5E-12

.MODEL MN NMOS VT0=0.45 UO=1000 TOX=10E-9
+CGDO=2.08E-10 CGS0=2.08E-10 CJ=500E-06 CJSW=180E-15
.MODEL MP PMOS VT0=-0.45 UO=500 TOX=10E-9
+CGDO=2.08E-10 CGSO=2.08E-10 CJ=618E-06 CISW=220E-15
.TRAN 1PS 40NS

.PROBE

.END
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