Lecture 4: LTSPICE

CSCI 5330
Digital CMOS VLSI Design

Instructor: Saraju P. Mohanty, Ph. D.

NOTE: The figures, text etc included in slides are borrowed
from various books, websites, authors pages, and other
sources for academic purpose only. The instructor does
not claim any originality.
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USEFUL LINKS

 LTPSICE software available at:
nttp://www.linear.com/designtools/software/switc
nercad.|sp

e 50nm model file available at:
http://www.cmosedu.com/cmosl1/book.htm

e More model files available at:

http://www.eas.asu.edu/~ptm/
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CMOS Inverter
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Construct an Inverter using LTSPICE

e Discussion at Nano-CMOS: 50nm technology.
e PMOS: 20/1 (L =50nm/ W = 1um)

« NMOS: 10/1 (L =50nm/ W =500nm)

* Vo Supply voltage (V4. = 1V).

* V. : changes depending upon analysis:

 DC analysis: DC voltage (1V).

e Transient analysis: Pulsed voltage (vpulse).

* Wire to connect components.

 Model file (cmosedu_models.txt).
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What does a model file look like ?

=% Short channel models from CHOS Circuit Design, Lagout, and Simulation, 2Ze
= S @nm B d=1U

H_58n nmos level = 14

+binuni T Paramchi 1 muo b o dl = a

+capmod = 2 igcmod = 1 igbmod = 1 geomod = 1
+diomod = 1 rdsmod = a rbhodymod= -1 rgatemod= -1
~permod = 1 acngsmod= @ trngsmod= @

+~tmom = 27 toxe = 1 _.4Le—a8e toxp = Fe—8a18 toxm = 1 _.Le—a08e
+TEpSrOX = 3.2 wint = Se—00%2 1int = 1.Z2Ze—008 |

=11 = a wl = a 11ln = 1 wiln = "1

+ 1w = a LITLE ] = a 1wn = 1 LILLI y ) = "1

+1wl = @a el = a =part = a toxref = 1 _.Le—a08e
~uitha = 8.2z k1 = 8.35 k2 = @a.a% k3 = 8

kI = @a wiB = 2_.5e— 084 duit @ = 2.8 dut1 = B.52
~duit2 = —8.83z it B = a duit-1uwr = a dutZw = 8

~dsub = 2 minw = 8a.85 vofFfFL = a dutpa = 1e—887
~duetp1 = @a.a8% 1peBd = L5 _FS5e—D0as8 1peb = 2.3Fe—818 =j = Z2e—0808
ngate = Se+-8208 ndep = Z2_.8es+818 nsd = 1e+-8208 phin = 8

+~cdsc = @8.agaz cdsch = a cdscd = a cit = a

~uofF = —a_.1% nfactor = 1.2 etad = a.1% etab = a

b = —B.55 u B = 8.832 ua = 1.6e—818 [1]] = 1_-.1e—817F
~uc = —Je—811 usat = 1_.1e+8085% aa = 2 ags = 1e—82a
~a = a a2 = 1 ba = —1e—828 b1 = 8

~keta = @.an durg = a dwi = a pclm = B.18
+pdiblc1 = @8.0828 pdiblc2 = a.az22 pdiblcbh = —98.088% drout = B.4L45
~pwvaqg = 1e—82a8 delta = a.81 pscbhe-1 = B_14L4e+088 pschez2 = 1e—887
+Fprout = @8._.2 pdits = 8.2 pditsd = B8.23 pditsl = 2 _3e+0046
+rsh = 3 rdsuw = 158 FSw = 158 dw = 15a
+rdswmin = A Fdwmin = a FSwmin = A pPrwg = a

~prwh = OG.8Be—811 - = 1 alphag = @B8.874 alpha- = B8.885s
+betan = 38 agidl = @.8882 bgidl = Z2_1e+008%9 cgidl = @.88a2
+=egidl = Aa.8

+ajigbacc = @8.812 bigbacc = @A.08028 cigbacc = @8.9808:2

+nigbacc = 1 ajigbinu = A8_.814% bigbinuv = @.004 cigbinu = @.0404
+geigbinue = 1.1 nigbinuw = 3 aigc = @8.e17 bigc = @a.a8ez2s8
=cigc = @a.aaz aigsd = a.e17 bigsd = @A.a0z2s cigsd = @a.aaz
=nigc = 1 poxedge = 1 pigcd = 1 ntox = 1
~x=rocrgl = 12 xrCocrg2 = 5

~Ccgso = 6 .23Be—818 cgdo = 6.238e—818 cgbo = 2.%46e—811 cgdl = 2. 49%5%e—18
~cgsl = 2_.495es—18 ckappas = 8.82 ckappad = 8.82 acde = 1

+moin = 15 nofF = 8.9 voFfcu = 8.8z

kit = —8a.z21 kt11 = @a.8 kt2 = —8.8aLz> ute = —1.5
~ua-l = 1e—8a89 ub-1 = —3.Se—B819 uc1 = a pri = @a

+at = 538808

+Fnoimod = -1 tnoimod = @

+jss = @8._.8881 isws = 1e—811 jswgs = 1e—818 njs = 1
+ijthsfuwd= a.01 ijthsrew= a.881 bus = 18 =jbus = 1

&+ =l = @ aoA1 H = nmrd = dea—@G11 R AT T ] = dwa—a10 i = -1
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Placing and connecting components
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Where to get components from ?
Ba(£) acar gl BRE 4@ ma%ﬂ%ﬂ#B

4 models | Figl1_11 | 4, Fig11_11_symbel | 4, Figl1_14
Il Select Component Symbol @
Top Directon: | C:WProgram Files\LTCASwCADINiB Y apm hd |
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g Plo \JH::E -

C:\Program FileshL T CAS wiCADISlibsepm®s
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How to assign W/L ?

g g Monolithic MOSFET - M2
S| vDD ~ ;ﬂfﬁi 150 =
Drain &realAD ) | ]
20 I 1 A ArealsS): | |
" Bt F'erimeter[[F'D; | ]
S PerimetedPS): |
1 V No. Parallel Devices(M): |
| P_S0r =50 w=1u
Vin Vout
- M1
S ] N_50n
vin | I=50n w=500n
10/1

.tran 0 500p 0 1p

dib cmosedu models.txt
PULSE(0 1 50p 1p 1p 100p 250p) -
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Interpreting a pulsed waveform
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How to assign Vin ?

Qo
-

V ) Independent Voltage Source - Vin

Functions DC Yalue

() [hane) | |
(%) PULSE[W1 W2 Tdelay Trize Tfall Tan Period Meycles)
() SIME[Wolffset Wamp Freq Td Theta Phi Moycles)

VDD

(Y EXPRM %2 Td1 Taul Td2 Tau2] Small zignal AC analyziz[ALC)

1 ) SFFM[Woff Yamp Foar MDI Fsig) AL Amplitude: | |
) PAWLIE 1 12 %2 ) AC Phase: | ]
) PWL FILE: | | S Make this inforrmation visible on schematic:

Parazitic Properties

iritial[v]: mi Sernies Resistance[0]: _!

— ‘I— Parsllel CapacitancelF. | J |t

Tieklolsl: iEDp I Make thiz information vizible on schematic:

Trizels]: |_'I_p_
Ttallisl: | 1p
Ton[s]: |‘IEEI|3
Tpenod[z]: I?Dp—
Moycles: |

Vin

Vin

b ake thiz information wizible on schematic: [ Cancel ] [ ak.

N
tran 0 500p 0 1p

lib cmosedu models.txt
PULSE(0 1 50p 1p 1p 100p 250p) -
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DC Analysis

] 0
Q 0
0 oo > PlotVout
20/1J
M2 p 501
1 JFDVDD
— 1=80n w=1u
Vin Vout
T
c M
S J|<} N_80n
i  I=50n w=500n
1011
0

dcVin011m
lib cmosedu_models.txt

UNT CSCE 5730: Digital CMOS VLSI Design

UNIVERSITY ©F NORTH TEXAS
Diiscover the power of ideas




View netlist

‘[:' File Edit Hierarchy | Wiew Simulate Tools  Window Help

(e T o- g ;ZZ: :;: E::::z SRRl ™ SPICE Netlist: C:\Documents and Settings\Student\Desktop\Chap11_LTspice\Fig11_7.net @ |
F&, zoom to Fit * Cih\Docuwents and Settings\3ItudentiDesktopiChapll ITspice‘\Figll 7.asc
M1l Vout ¥in 0 0 N 50n 1=50n w=500n
Show Grid Chrl+G Vin Vin 0 0 -
¥ Mark Unconn. Pins o
Mark Text Anchors A VDD VDD D 1
Bl of psteriss R ) D MZ VDD ¥Vin Vout VDD P _30n 1=30n w1lu
Efficiency Report 4 .model HMO3 NMOS
SPICE Metlist Jmodel PMOS PMOS
SPICE Error Leg LLib C:VPROGRA~1ADTCY SWCADIITY Likh cwp' standard. mos
£ visible Traces e Win 0 1 1m
_ .1libh cwosedu models. txt
fMarching Waves L —
* Plot Woukt
I Status Bar ¥ 2 I:Ul 1
¥ Toolbar * 1':';""1
¥ window Tabs Jbackanno
.end

Vin
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Transient (time) Analysis

Viin
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Creating a symbol for Inverter

« Schematic files saved as *.asc
« Symbol files saved as *.asy

T File Edit Hierarchy | Draw Wew Tools ‘Window Help
~ Nwe v BR% sbam 08 9 o
[ Rect R

<InstName>

= <INV_20_10
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Simulation using symbol: workspace much cleaner!

a
9 oo Plot Vin Vout
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One more example: NAND gate

Ve

T
3
Vi
Vo]
N out
(A
PULSE(1 Viout
N_50n V
PULSE(0 10 0.1n 0.1n 9.8n 20n)
Jdib cmosedu_models.txt
tran 0 20n 0 100p
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