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Typical CMOS process (minimum channel length: 0.35um)
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Spice model library: 5827_035.1ib

}—T wn NMOS transistor
NMOS e B (p substrate) must be tied to most negative
nmos_035.asy |, .~ W=tu -
L=0.35u" supply rail
< | i M2 PMOS transistor
PMO ..... . ) . . .
omos, 035.05¢ (IR Ti?;}u : B 1s n-well, usually most positive supply rail
RPN U1 RPN Rsheet = 1.2 kQ/square, TC = —400 ppm/°C
pn_035.asy Wetdi=ti “square” = L/W
RPP Wp' Rsheet = 50 Q/square, TC = +830 ppm/°C
rpp_035.asy e e “square” = L/W
R . . :
--------- Unit-area (Su*5W) p+ diffusion to n-well diode
WDIODE - D o n = area multiple. Cathode must be tied to the
wdiode.asy . . WDIODE . . .

most negative supply rail



-subckt HH D G 5 B
+params: W=18u L=1u
M1 DG 5 B HH L={L} W={W} AS={Zu=W} PS={2%(2u+W}} AD={2u=l} PD={2={2u+W}}
-ends

. G nmos_035.asy

* format : LTspice

* model : HMOS BSIM3u3

B o . e
*® TYPICAL MEAM COMDITION

K
* 33 F]_,agg 3

+MOBMOD =1.086e+88 CAPHOD =2.000e+00
+HOIHMOD =3 .086e+08

*® *#% Threshold voltage related model parameters *xx
+K1 =5.8296e-081

+K2 =3.3985e-82 K3 =-1.136e+88 K3B =-4.39%9e-M1
+HCH =2.611e+17 UTHB =4.97%e-81

+UOFF =-8.925e-02 DUTG =5.088e+81 DUTH =1.83%e+00
+DUT2 =-8.375e-83 KETA =2.832e-82

+PENARF1 =3 _518p+AR PSNRF? =7 _491p-RA%
... more (BSIM3 model is very detailed and complicated)...

W, L are circuit design parameters, minimum 0.351l, minimum increment 0.1

NMOS Spice model can be used as is a subcircuit, which allows automatic adjustments of AS
(source area), PS (source perimeter), DS (drain area) and PD (drain perimeter) as functions of W, or
as a native MOS device (user must then manually specify AS, PS, DS, PD)

Very detailed BSIM3 model (industry standard)



Setting up 0.35u CMOS symbols and model
library for LTspice

e Option 1: local (does not require administrative
privileges)

— Place all symbol files (*.asy files) and model library
(5827_035.1ib) in a working folder, together with schematics

e Option 2: make symbols and model library

globally available

— Place all symbols (*.asy files) in a new folder (e.g. 5827) in
C:\Program Files\LTC\SwCADIINib\sym

— Add model library 5827_035.1ib to
C:\Program Files\L TC\SwCADIII\lib\sub

e In all cases, an LTspice schematic must include:
Jdib 5827_035.1ib



LTspice schematic entry

AL¥ Linear Technology LTspice/SwitcherCAD I - [inverter_intro] g@

‘l; File Edit Hierarchy _Wiew Simulate Tools  Window  Help = | |E] L

P& @ T Q0 aR Bl HRE shof 08 Lv@+) {ophoo o
... . .Runsimulation. . . . .. . . .. .. .. .. .. ... .. ... Entercomponent . Enter Spite
.‘.‘d.Ot?’..

 commandl

wan0100n0in. Z . om o
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/include . . . . .
© 5807_035.1ib -
/. library 0

o (Nib 5827 _03510b )




Use of NMOS symbol in LTspice

(1) place nmos_035 symbol (2) CTRL-right click to open Attribute Editor

—1 Select Component Symbal

Top Directory: | C:ADocuments and Settings\Dragansty Documents\Courses’ V
ECEMREZY 0350 process: W-Channel

MOSFET; change Prefis to < to automate
calculation of AD, AS, PD, PS
1 nmos_035

C:ADocumentz and SettingshDragan'ty DocumentshCoursesh 482744827 Fall2(

(3) Change Prefix to X to use subcircuit model

—TE with automatic adjustments of AS, PS, AD, PD
rpn_D_35 - .
iﬁﬁaﬂﬁa —_ Component Attribute Editor

Open Symbal| C:hdocumentz and zettingzdraganmy documentzcourseshd s

Thiz determines the bppe of a circuit element, e.g.. B, C. or L

Frefis = %

Attribute Yalue W,
Prefix kM
[zt ame M3 M
Spicekodel

. “alue I

The same applies to pmos_035 Value2 wi=lu .

SpiceLine L=035u b
Spiceling?

o]




Basic Spice simulations

Bias Point (.op)

— View DC operating point voltages and currents, and
device small-signal model parameters in (text)

DC Sweep (.dc)

— Plot DC (or temperature) characteristics

AC Sweep (.ac)

— Plot small-signal frequency responses

Transient (.tran)

— Plot large-signal (total) waveforms



DC sweep example: inverter V- versus V,,

L¥ Linear Technology LTspice/SwitcherCAD Il - inverter_intro g@
File Wiew Plot Settings  Simulation  Tools  ‘Window  Help
Fe 3T F QAR Ed HRR sR2EdH O )
‘[: inverter_intro i:: inverter_intro
1

®=2,913% y=3.519Y




AC sweep example: inverter as an amplifier, magnitude response llv, /v, Il [dB]

LT Linear Technology LTspice/SwitcherCAD IIl - inverter_intro E]@
Eile  Wiew Plot Settings  Simulation  Tools  Window  Help
A | 5 F Qe Ed Ha%® iR K 23 >
'l: inverter_intio h: ifverter_intra
1

100KHz 100MHz




Transient example: inverter v,,,,(?) for pulsating v,,(?)

LT Linear Technology LTspice/SwitcherCAD IIl - inverter_intro E]@
Eile Edit Hierarchy Wiew Simulate Tools  Window  Help
A 3 5 # | o e R K Had 208 48 S0 3 20809 Aa ap

1, inverter_intro ¥ inverter_intia

‘[: inverter_intro

50.2ns 50.4ns 50.6ns 50.8ns 51.0ns 51.2ns 51.4ns 51.6ns 51.8ns




Hierarchical schematic entry

Inverter circuit with

Symbol representing the inverter circuit
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