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ADOBE PRESENTER

This PowerPoint module has been published using Adobe Presenter. Please click
on the Notes tab in the left panel to read the instructors comments for each slide.

Manually advance the slide by clicking on the play arrow or pressing the page
down key.
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INTRODUCTION

SPICE (Simulation Program for Integrated Circuit Engineering) is a
general-purpose circuit simulation program for non-linear DC, non-
linear transient, and linear AC analysis. Circuits may contain
resistors, capacitors, inductors, mutual inductors, independent voltage
and current sources, four types of dependent sources, transmission
lines, switches, and several semiconductor devices: including diodes,
BJTs, JFETs, MESFETSs, and MOSFETSs. Circuits with large numbers
of all types of components can be simulated.

SPICE input files and output files are simple text files (e.g. name.txt)
Input files include a TITLE, circuit description NET LIST, analysis

directives (COMMANDS), and lists of other text files to include
(INC) such as model libraries (LIB) and an END command.

Rochester Institute of Technology
Microelectronic Engineering /
I |= /
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INTRODUCTION

PSpice Lite 9.2 is one of the OrCAD family of products, from
Cadence Design Systems, Inc., offering a complete suite of electronic
design tools. It is free and includes limited versions of OrCAD
Capture, for schematic capture, PSpice for analog circuit simulation
and Pspice A/D for mixed analog and digital circuit simulation.
PSpice Lite 9.2 is limited to 64 nodes, 10 transistors, two operational
amplifiers and 65 primitive digital devices. See page 35 (xxxv) of the
PSpice Users Guide.

LT SPICE - is a free SPICE simulator with schematic capture from
Linear Technology. It is quite similar to PSpice Lite but is not limited
In the number of devices or nodes. Linear Technology (LT) is one of
the industry leaders in analog and digital integrated circuits. Linear
Technology provides a complete set of SPICE models for LT

é components. /
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CREATING THE INPUT FILE

The input file can be generated from a schematic capture program,
or just typed 1n a text editor such as “Notepad” or “WordPad”

R2

*Simple Resistor Divider o K1
R1102K

R2 213K

V120DC5 5V/ + R1
DCV10 5.1 VAR 2K
.END

Rochester Institute of Technology
Microelectronic Engineering /
| /
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LTSPICE USING INPUT FILE INSTEAD OF SCHEMATIC

Draft3.asc I =]

.Include CASPICE\SimpleExample.txt
.op

.0p Is a spice directive to do DC operating point analysis

gDraftS.raw _ O B SimpleExample.txt - Notepad

Y[2) File Edit Faormat Wiew Help
. . H “DR FULLER - SIMFLE EX&MPLE TITLE

* THE FIRST LIWE IS THE TITLE
¥ LIMES THAT START WITH * ARE COMMENT LIMES AND DO MOTHING

“ UPPER. AMD Tower cCase Text ARE TREATED THE SAME

W CIRCUIT IS DESCRIBED BELOW (MWET LIST)

RL 1 0 2K ; resistor Rl between node 1 and zero has walue 2000 ohms
rR2 2 1 3K

w1l 2 0 DZ 5 ; woltage source vl is a DC source of 5 wolts

H

¥ REQUESTED ANALYSIS (DIRECTIVES OR COMMAMDS)
.DC vl 0 5 .1 ; find a1l node woltages and branch currents for vl starti

¥ Jncrementing by 0.1 wolts ending at 5 wolts
H

¥ INCLUDE File_name.txt ;({none for this examplel

_____ __EL_____EL_____L__Resultmg Plotl| e

This is a text file located at

C:ASPICE\SimpleExample.txt /
| g 4
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RC DIVIDER CIRCUIT

Rl

+ is swept from 0 to 3 volts

— Change the V1 to a 3 volt pulse

LUF function and plot VC versus

time

Change the voltage V1 to an
AC voltage source and plot VC
versus frequency

Rochester Institute of Technology

_—\/\/\/\ ~ Calculate VC as the voltage V1

Microelectronic Engineering /
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DC SPICE ANALYSIS USING LTSPICE

LTspice I¥ - Draft3.asc ===
File Edit Hierarchy Wiew Simulate Tools Window Help
| PE T FN QAR (BRI A% I RREADE| LD+ I IDIOD O iniider
A, Draft3ase |12 Drataram |
4 Draft3.raw =]

.dcv103.01

NOO1| v,

R1

20K

NO002

R2
10K

<

C1

Vin001)

SPICE Netlist: C:\Program Files'LTC,L TspiceI¥'Draft3.net

* CiZProgram Files\LTCW\LTspiceIViDraftd.asc
RZ NOOZ O 10K

R1 NOOZ nWOO1 Z0K

©1 NOOZ O 1p

w1l NOO1 0 3

Lde w1 003 .01

.backanno

.end

This net list is automatically
generated from the schematic

© January 2, 2014 Dr. Lynn Fuller |= Page 9
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TRANSIENT ANALYSIS USING LTSPICE

V(nD02)

VinD01)

=101

.tran 0 100m O startup
R1

vl 20K

R2
10K

-

PULSE(0 3 0 2N 2N 25m 50m 2)

ek W

Independent Yoltage Source - ¥1 x|

i~ Functions
£ [nane]

& PULSE[W1 %2 Tdelay Trise Tfall Tan Period Mepcles)
" SIME[Voffset Wamp Freq Td Theta Phi Moycles)
 EXPRA W2 Td1 Taul Td2 Tau2)

" SFFM[Waff Yamp Foar MDI Fsig)

O PwLIN vl E242 )

" PWL FILE: |

Brovize |

Winitial[v]: |0
Yon[V]: |3
Tdelay[z]: |0
Trise[s]: |2M
Thallfs]: |2M
Ton[z]: |25m
Tperiod[z]: {50m
Meycles: |2

Additional FwL Fairts |

take this infarmation visible on schematic: ¥

7 DE Wilue

DI alue; I

b ake this infomation visible on schematic:

~ Small signal AC analysis[ AC]
AL Amplitude: I
AL Phase: I

I ake this information visible on schematic: W

i~ Parasitic Properties
Series Resistance[R]:

Parallel Capacitance[F:

b ke thiz irformnation visible on schematic; [

Right click on voltage source

to get this dialog box

© January 2, 2014 Dr. Lynn Fuller
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AC ANALYSIS USING LTSPICE

4508 2 ¢
Y L (-
35454 [ g
10046 13
10546 Lo
11046 [ 35
11545 L5
12046 L5
1255 L 53
13046 L7
13546 L g1
-1404B o
14548 N S S S S S — ———— 30"

1Ha | 10Hz 100Hz 1KHz e

<101 x| I T— X
;I ~ Functiong  DC Value

& fnene) DC walue: |3

€ PULSEN1 2 Tdelay Trise Tall Ton Period Neycles] Make thiz information visible on schematic: ¥
.acdec 51 10K " SINE [Volfse! Vamp Freq Td Theta Phi Neydles)

© EXPIVI Y2 Td1 Taul Td2 Tau2) i~ Small signal AC analysis| AC)
R1 £ SFFM[Maff Wamp Fear MDI Fig) AL Arnplitude: |1
P w1 1242, AC Phase:

 Pwl FILE: l— Bromse | Make this information visible on schematic: W

vi 20K e ——
C1 Parallel Capacitance[F]: l—

R2 E— Make this information visible on schematic: ¥

10k | 1w Right click on voltage source
to get this dialog box

\I’ | Adiiansl /L Paints
3
I IZ Make this information visible on schematic: v’ Cancel |
| |

{ © January 2, 2014 Dr. Lynn Fuller |=| Page 11
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LC FILTER

Y[vout)

4048 100

7 - 80"

56i0B= - 60°

4B - a0

12481 Magnitude - o

4045~

806 ;

9645 Phase

-104dB-

112454

12048 —— . ———— ——100°
1KHz 10KH 100KHz 1MHz

Filter.asc =]

Vout
L1 C1 fO
10 1n
SINE(0 1 1K)
AC1
.ac dec 10 1000 1000000
[
{ © January 2, 2014 Dr. Lynn Fuller |= Page 12
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NMOS INVERTER WITH RESISTER LOAD

LTspice I¥ - MMOS_Iny_Resistor.raw
File Yiew Plok Settings  Simulation  Tools  Window  Help

| BE HPENQAAR|IBEGERE $R2RN OE|LLEB =3 DO D O A

'l: MMOS_|rv_Resistar. asc LV,, MMOS_[ree_Resistor.raw

ENMDS_Inv_Resistur.raw -0l =] NMOS_Inw_Resistor.asc

-d[¥[wout]]

Yout v:h Yin ant:l Gain

.dcv105.01

R V2

FE + "
e e 20k
T 5

| | e e e e Vout

‘ M1
. RITSUBN?

Vin

[
Vi
1

Rochester Institute of Technology

Microelectronic Engineering

gy YeutvpVinendBam inc C:\SPICE\RIT_Models_For_LTSPICE.txt

L=2u W=16u

/
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NMOS INVERTER RESISTIVE LOADS

Vivout?) V[wout3]

| WTC for Different R's

_________________________________________________________________________________________________________________________
------------------------------------------------------------------------------------------------------------------------
__________________________________________________________________________________________________________________________

[_ O]} NMOS_Iny_Resistor.asc

.dc¥in035 .01

F

Youtl

10K

RITSUBN?
V3

50K

J M2
RITSUBN?
Vi
0

Yout2

R3
100K
o
3
g
|
M3
RITSUBN?
'
0

é .include cASPICEWRIT_Models_For_LTSPICE.txt

© January 2, 2014 Dr. Lynn Fuller
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NMOS INVERTER WITH NMOS LOAD

LTspice I¥ - MMOS5_Invl.raw

File Yiew Plot Settings  Simulation  Tools  Window Help

[P PR B ERE | t=2RA QS (L LB =3 YD DD O r

4 NMOS_Invlase Top NMEIS_Inﬂ.rawl

-d[¥[vout]]

mNMOS Invicaw MI=lB)| NMOSIoviasc

! Voutivs Vin'and V[Il“agt: Gain

V1

Vin

|_| L=16u W=4u
M2

V2

Rochester Institute of Technology
Microelectronic Engineering

INC C:\SPICE'RIT _Models_For_LTSPICE.txt
dev205 .1

/

i © January 2, 2014 Dr. Lynn Fuller
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PMOS INVERTER WITH PMOS LOAD

INVERTER USING RIT PMOSFET, Dr. Lynn Fuller, 2-11-2007 _ Wd/Ld 0.5
*LINE ABOVE IS TITLE 1 Gain =

. Wu/Lu
*START WIN SPICE AND ENTER LOCATION AND NAME OF INPUT FILE
*THIS FILE IS PMOS_INVERTER.TXT

*EXAMPLE: winspice> source c:/spice/PMOS_INVERTER.txt M2

*

*THE TRANSISTOR MODELS ARE IN THE FILE NAMED BELOW Wu/Lu
INCLUDE E:\SPICE\WINSPICE\RIT_MICROE_MODELS.TXT -
*

*CIRCUIT DESCRIPTION V1=-10

*VOLTAGE SOURCES + 2 ‘ M1
LTINS A | Wd/Ld

V110DC-10
vV220DCO
*

*TRANSISTORS

M1 7200 RITPMOS49 L=20U W=60U
M21170RITPMOS49 L=60U W=20U
*

*REQUESTED ANALYSIS
.OP

.DCV20-10-0.1

.PLOT DC V(7)

*

.END

i © January 2, 2014 Dr. Lynn Fuller
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CMOS INVERTER VOUT VS VIN (VTC)

FN

VOUT

+V
VIN— — VOUT — Imax
\oh
+V
Idd
’_TWl Slope = Gain
Y PMOS
I
VINo— I—OVO
I: | Idd
—+/ NMOS
— VoL VIN
CMOS 0

AOQ noise margin=ViL-VoL

Al noise margin=VoH-ViH

ViL

+V

: © January 2, 2014 Dr. Lynn Fuller
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MEASURED CMOS INVERTER VOUT & 1 VS VIN

CMOS INVERTER

n.o0o 1.000 2.000 3.000

VS1P

Cursars: ¥

by

2.6500

21079

2.4500

4.5320

2.7500

0.4641m

i 2.4000

0.4350

15:47:02 27000

2.0320

© January 2, 2014 Dr. Lynn Fuller

0.6000m

0.4000mm

0.2000m

4.000 5.000

Caonditions:

Can: SMuA
wWal, 5.0000 %

Con; ShlzZ
Yal: 0.0000 A

Con: Sml4
Wal: 0.0000

Swp ShLIG
Start: 0.0000%
Stop: 5.0000
Step: 0.0500
Ft=: 101
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DC SIMULATION OF INVERTER VOUT & | VS VIN

Id[M1]

dc v205.01
.include c: ‘\SPICE\RIT Models_For_LTSPICE.txt

J

M2

}_ ritsubp?
=—Vout
}_

M1
rcn—

}_lritsubn?

What happens to the voltage transfer curve (VTC) and noise margins when one of
the threshold voltages is changed by 0.3 volts? What happens when width of
transistors is changed.

Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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SIMPLE AND ADVANCED SPICE MODEL

* From Electronics Il EEEE482 FOR ~100nm Technology

.model EECMOSN NMOS (LEVEL=8

+VERSION=3.1 CAPMOD=2 MOBMOD-=1

+TOX=5E-9 XJ=1.84E-7 NCH=1E17 NSUB=5E16 XT=5E-8

+VTH0=0.4 U0= 200 WINT=1E-8 LINT=1E-8

+NGATE=5E20 RSH=1000 JS=3.23E-8 JSW=3.23E-8 CJ=6.8E-4 MJ=0.5 PB=0.95
+CJSW=1.26E-10 MJSW=0.5 PBSW=0.95 PCLM=5

+CGS0=3.4E-10 CGD0O=3.4E-10 CGBO=5.75E-10)

*

* From Electronics Il EEEE482 FOR ~100nm Technology

.model EECMOSP  PMOS (LEVEL=8

+TOX=5E-9 XJ=0.05E-6 NCH=1E17 NSUB=5E16 XT=5E-8

+VTHO0=-0.4 U0O= 100 WINT=1E-8 LINT=1E-8

+NGATE=5E20 RSH=1000 JS=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94
+CISW=1.19E-10 MJSW=0.5 PBSW=0.94 PCLM=5

+CGS0O=4.5E-10 CGDO=4.5E-10 CGBO=5.75E-10)

*

* From Electronics || EEEE482 SIMPLE MODEL
.model EENMOS NMOS (VTO=0.4 KP=432E-6 GAMMA=0.2 PHI=.88)

. * From Electronics 1l EEEE482 SIMPLE MODEL
.model EEPMOS PMOS (VTO=-0.4 KP=122E-6 GAMMA=0.2 PHI=.88)

i © January 2, 2014 Dr. Lynn Fuller Page 20
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CMOS INVERTER WITH LEVEL 1 SPICE MODEL

LTspice I¥ - CMOS_Inverter_100nm.asc
Flle Edit Hierarchy ‘Yiew Simulate Tools Window Help

B B F 0Bl AR 2R AG | LLB L3 X000 0o

'l: ChOS_lnverter_100nm. asc Hc’" EMDS_\nvelter_'IUUnm.lawI

_____________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————

CMOS_Inverter_100nm.asc

.dcv201.5.001

.op
.nclude cA\SPICE\RIT_Models_For_LTSPICE.txt
L=0.1u W=.7u
M2
h—————

Vi1 _ EEPMOS
i Vout
V2
1.5 M1
EENMOS
0 L=0.1u W=.4u

<

© January 2, 2014 Dr. Lynn Fuller |= Page 21
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CMOS INVERTER WITH LEVEL 8 SPICE MODEL

LTspice I¥ - CMOS_Inverter_100nm.asc
File Edit Herarchy View Simulate Tools Window Help

| B B F | acaR R BRE {R2ERAS| LB L TDY 0D O 4 o

¥, CMOS_lnverter_100nm.asc |t: CMOS_Inwerter_1 DDnm.rawI

CMOS5_Inverter_100nm.asc

gg v201.5.001
Include ¢c:\SPICE\RIT_Models_For_LTSPICE.txt

L=0.1u W=.7u

M2
]

V1 _ EECMOSP
Vin Vout
V2
1.5 M1

=
EECMOSN

0 L=0.1u W=.4u

<

© January 2, 2014 Dr. Lynn Fuller
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SPICE LEVEL-1 MOSFET MODEL

CGSO

CBD

Rochester Institute of Technology

Microelectronic Engineering

where ID is a dependent current source

i © January 2, 2014 Dr. Lynn Fuller |= Page 23
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AC MODEL FOR MOSFETS

RS,RS

RSH
CGSO,CGDO
CGBO

CJ

CJSW

MJ

MJISW

L, W
AS,AD
PS,PD
NRS,NRD

The SPICE model parameters that effect the AC response of a MOSFET are
the resistance and capacitance parameters shown here:

These are combined with the transistors properties to obtain the internal
resistance and capacitance values for each transistor.

Source/Drain Series Resistance, ohms

Sheet Resistance of Drain/Source, ohms

Zero Bias Gate-Source/Drain Capacitance, F/m of width
Zero Bias Gate-Substrate Capacitance, F/m of length
DS Bottom Junction Capacitance, F/m2

DS Side Wall Junction Capacitance, F/m of perimeter
Junction Grading Coefficient, 0.5

Side Wall Grading Coefficient, 0.5

Length and Width

Area of the Source/Drain

Perimeter of the Source/Drain

Number of squares Contact to Channel

© January 2, 2014 Dr. Lynn Fuller |= Page 24




= Xample

INVERTER LAYOUT
r RIE |
1o
S

INV/NOR4

W =40 um
Ldrawn = 2.5um

Lpoly = 1.5um i "]
T |
Ad=114u

uary 2, 2014 Dr. Lynn Fuller
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FIND DIMENSIONS OF THE TRANSISTORS

Inverter
NMOS PMOS

L 1.5u 1.5u

W 40u 40u
AD 17ux40u=680p 17ux40u=680p
AS 17ux40u=680p 17ux40u=680p
PD 2X(17u+40u)=114u | 2x(17u+40u)=114u
PS 2X(17u+40u)=114u | 2x(17u+40u)=114u

Right mouse click on each transistor and add these
values to the properties.

: © January 2, 2014 Dr. Lynn Fuller |=
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RISE TIME AND FALL TIME LTSPICE SIMULATION

CMOS_Inverter_Fan_Dut.asc

:V[mm: .tran .2u
.op
.include c:\SPICE\RIT_Models_For_LTSPICE.txt

H}.&I c2
VA ritsubp7 T
T Vout3 [414p
_ C1
5 M1 —
; 41.4p
,_lrltsub 7
M4 c4
s . s s s s s s V3 ritsubp? T
e e e e e e e e 13.8p
"""" B e e I S B S C) Vin j Voutt "
i ] i ] i i i i — V4 c3
| N2z2eep N S6.E5ns i 118.02 Jif120.65: I RO I 35 M3 -
N 13.8
} }_lritsubt\? P
—————————— PULSE(0 500 0.1u.2u 5)
—
: © January 2, 2014 Dr. Lynn Fuller |= Page 27
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SIMULATION OF GATE DELAY IN SINGLE INVERTER

-----------------------------------------------------------------------------------------------

CMOS_Inverter_Fan_Out.asc

.tran 0 40n 0 10p

PULSE(0501p 1p 10n 20n 2)
.include c:\SPICE\RIT_Models_For_LTSPICE.txt

] T

M2
"""""""""""""""""""""""" N | I At S V1 ritsubp? ritsubp7
(—l—) Vin Vout :]
T 5 v M1 M4
___________________________________________________________________________________________ f——
}_lritsu n7 ql’itSl bn7
[
{ © January 2, 2014 Dr. Lynn Fuller |= Page 28
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RING OSCILLATOR, td, THEORY

td=T/2N

Seven stage ring oscillator

with two output buffers _DO_DO—DO*DO \

td = gate delay ‘DO‘DO‘
Vout

N = number of stages
T = period of oscillation Buftter

Vout a

AVAVAN

T = period of oscillation

Rochester Institute of Technology
Microelectronic Engineering /
| /
© January 2, 2014 Dr. Lynn Fuller |=
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MEASURED RING OSCILLATOR OUTPUT

CCCCC

BBBBBBBBB

N

73 Stage—iRing at

=] =] =]

td =104.8ns/2(73) =0.718 ns

Rochester Institute of Technology
Microelectronic Engineering

\/ | IR ity
; A, 1

/
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SPICE LEVEL-1 MOSFET MODEL

CGSO

CBD

Rochester Institute of Technology

Microelectronic Engineering

where ID is a dependent current source

i © January 2, 2014 Dr. Lynn Fuller |= Page 31

using simple long channel equations. /




=

SPICE Examples ﬁ

AC MODEL FOR MOSFETS

RS,RS

RSH
CGSO,CGDO
CGBO

CJ

CJSW

MJ

MJISW

L, W
AS,AD
PS,PD
NRS,NRD

The SPICE model parameters that effect the AC response of a MOSFET are
the resistance and capacitance parameters shown here:

These are combined with the transistors properties to obtain the internal
resistance and capacitance values for each transistor.

Source/Drain Series Resistance, ohms

Sheet Resistance of Drain/Source, ohms

Zero Bias Gate-Source/Drain Capacitance, F/m of width
Zero Bias Gate-Substrate Capacitance, F/m of length
DS Bottom Junction Capacitance, F/m2

DS Side Wall Junction Capacitance, F/m of perimeter
Junction Grading Coefficient, 0.5

Side Wall Grading Coefficient, 0.5

Length and Width

Area of the Source/Drain

Perimeter of the Source/Drain

Number of squares Contact to Channel

© January 2, 2014 Dr. Lynn Fuller |= Page 32
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RING OSCILLATOR LAYOUTS

17 Stage Un-buffered Output L/W=2/30 Buffered Outut

OO N EIE IIED DOODDE | DENRIRNE lmg
Ty e | = =T

> BT

JHERERTHE

1 © January 2, 2014 Dr. Lynn Fuller |= Page 33
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MOSFETS IN THE INVERTER OF 73 RING OSCILLATOR

nmosfet nmosfet

73 Stage Ring Oscillator

Rochester Institute of Technology
Microelectronic Engineering /
I |= /
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FIND DIMENSIONS OF THE TRANSISTORS

ﬁ

NMOS PMOS
L 2U 2U
W 12u 30u
AD 12ux12u=144p 12ux30u=360p
AS 12ux12u=144p 12ux30u=360p
PD 2x(12u+12u)=48u 2x(12u+30u)=84u
PS 2X(12u+12u)=48u | 2x(12u+30u)=84u
NRS 1 0.3
NRD 1 0.3

/3 Stage

Right mouse click on each transistor and add these
values to the properties.

© January 2, 2014 Dr. Lynn Fuller
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LEVEL =7

*2-15-2009

MODEL RITSUBN7 NMOS (LEVEL=7

+VERSION=3.1 CAPMOD=2 MOBMOD-=1

+TOX=1.5E-8 XJ=1.84E-7 NCH=1.45E17 NSUB=5.33E16 XT=8.66E-8 NSS=3E11
+VTHO0=1.0 U0= 600 WINT=2.0E-7 LINT=1E-7

+NGATE=5E20 RSH=50 JS=3.23E-8 JSW=3.23E-8 CJ=6.8E-4 MJ=0.5 PB=0.95
+CISW=1.26E-10 MISW=0.5 PBSW=0.95 PCLM=5

+CGSO=3.4E-10 CGDO=3 4E-10 CGBO=5.75E-10)

*

*2-17-2009

MODEL RITSUBP7 PMOS (LEVEL=7

+VERSION=3.1 CAPMOD=2 MOBMOD=1

+TOX=1.5E-8 XJ=2.26E-7 NCH=7.12E16 NSUB=3.16E16 XT=8.66E-8 NSS=3E11 PCLM=5
+VTHO=-1.0 U0= 376.72 WINT=2.0E-7 LINT=2.26E-7 NGATE=5E20

+RSH=50 J5=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94
+CISW=1.19E-10 MISW=0.5 PBSW=0.94

+CGSO=4.5E-10 CGDO=45E-10 CGBO=5.75E-10)

Rochester Institute of Technology
Microelectronic Engineering /
I |= /
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SIMULATED OUTPUT AT 10 VOLTS

dEL\”
10Vde—

M1, M2 M3
. 3= | A5
RITSUEPRT RITSUBPT RITSUBP?
AS = 360p AS = 360p AS = 128p
AD = 360pp AD 360p AD = 128p
L=2u L=2u
PD = 84u PD 84u PD = 84u
PS = 84u PS = 34u PS = 84u
NRD = 3 NRD = NRD = 3
NRS = 3 NRS = NRS =.3
4{ W = 30u 4{ W= 30u W = 30u
RITSUBNF RITSUBNJ RITSUBNJ
AD = 144p AD = 144p AD = 144p
PS = 48u PS = 18u PS = 48u
S = 144u S = 144p AS = 144p
L=2u L=2u L=2u
= PD =48u PD =48u PD =48u
0 W=12u W =120 W =12u
NRS = 1 NRS = 1 NRS =1
NRD = 1 NRD = 1 NRD = 1

Rochester Institute of Technology

Microelectronic Engineering

Three Stage Ring Oscillator with Transistor Parameters for 73
Stage Ring Oscillator and Supply of 10 volts

td=T/2N=3.5nsec/2/3

td = 0.583 nsec

© January 2, 2014 Dr. Lynn Fuller |=
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SIMULATED OUTPUT AT 5 VOLTS

5\:«%\” M1 E_J M2 J . M3 J
R 1;{# RI'I;LF RI'I;LF

|
AS = 360p AS = 360p AS = 128p
AD = 360pp AD = 360p AD = 128p
1 L=2u L=2u L=2u

PD = 84u PD = 84u PD = 84u
PS =84u PS =84u PS =84u
NRD = .3 NRD = .3 NRD = .3

M4 ] NRS = .3 M5 NRS = .3 M6 NRS = .3

— w=30u 4{% W = 30u

4{ W =30u 4{
}_
RITSUBNF RITSUBN RITSUBN
D = 144p D = 144p D = 144p
S = 48u S = 18u S = 48u
LS = 144u LS = 144p S = 144p

L =2u 2u L=2u

?0 PD =48u PD =48u PD =48u
W=12u W=12u W=12u
NRS =1 NRS =1 NRS =1
NRD = 1 NRD =1 NRD =1

Three Stage Ring Oscillator with Transistor Parameters for 73
Stage Ring Oscillator and Supply of 5 volts

) [Vieasured td = 0.718 nsec @5V td = 0.92 nsec

/=1 SPICE Examples ﬁ

N td=T/2N=5.5nsec/2/3

/
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SPICE Examples

RING OSCILLATOR USING LTSPICE

LTspice I¥ - RingDsc.asc _|ﬁ' 1[
File Edit Herarchy View Simulate Tools Window Help

P23 B (40 Q0QR BECSBE $BENAE LD +3 YO0 D0

": FiingOsc.asc It: FlingDsc.rawl

gﬂingﬂsc.raw [ 3

__________________ td:T/2N ~

_______________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________________________________________________________________

Measu red td R e Tt WY S

———————————————————————————————————————————————————————————————————————————————————————————

=0.718 nsec @ 5 [V - fore fo LA\ o\ VW W W

-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

RingDsc.asc o [m] B3]
x| T T x
Model Name: |risubp? s I Anclude c:\SPICE\RIT_Models_For_LTSPICE.txt Madel Name: itsubni? 0K I

LengthlL]: |2u Cancel |

Widtl): | 30u

Drain &realdsD): W V1

Source ArealAS): IW G)

Dirain Perimeter[PD): IEMu— — 5
Source Perimeter[PS): |5‘4u—
Mo, Parallel Devices(M): l—

ritsubp? [=2u w=30u ad=360p as=360p pd=84u pz=84u rrz=0.3 nr

Length(L] |2u— Cancel |
wiidthfad): |12u
Dirain Arealtl]: IF
Source ArealdS): IF
Dirain PenmeterPD: Iwu—
Source Perimater(PS): |=1-8u—
Mo, Parallel Devices(b]: l—

ritzubin? 1=2u w=12u ad=144p a:=144p pd=48u pz=48u nrz=1 nrd
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K=1 SPICE Examples ﬁ

CONCLUSION

Since the measured and the simulated gate delays, td are close to
correct, then the SPICE model must be close to correct. The

and resistances of the transistor.

Specifically:

RS, RS, RSH

CGSO, CGDO, CGBO

CJ, CISW

These are combined with the transistors

L, W Length and Width

AS AD Area of the Source/Drain
PS,PD Perimeter of the Source/Drain

NRS,NRD  Number of squares Contact to Channel
Rochester Institute of Technology
Microelectronic Engineering
% | H

Inverter gate delay depends on the values of the internal capacitors
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VTC FOR THREE INPUT NAND GATE

TRUTH TABLE +V

Va VVbVc| Vout #_?:'_h
000|121 Hr“*%

00 11 S vout
010]1 Va o I|—<:|_|\/|1
0111 N

1 0 111 TI M2
1101 veol]

11110 ¢ Eg M3

M3 has Vt = Vto
M1 has Vt = Vto + Body Effect

Thus the Voltage Transfer Curve (VTC) is different
depending on which transistor is going from low to
high (with other two high)

Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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SPICE Examples

3-INPUT NAND- BODY EFFECT

LTspice I¥ - CMOS_3-NAND.asc
File Edit Hierarchy Wew Simulste Tools Window Help

BEEFF e Bl AR 2K A8 LI@ 5+ 3 SZD@{PQO'QF’?;AR=F|

A, CMOS_3NAND as0 | 17 CMOS_3MAND.ram |

CMOS_3-NAND.raw

_____________________________________________________________

¥[vout2)

ETWO mputs hlgh

__________________________

Sweep M7

--------------------------------

| | Sweep M6
----------- Body Effect -

----- N@ Body Effeét

______________________________________________________________

____________________________________________________________

CMOS_3-NAND.asc

34nput NAND - Body Effect

.dcvd 05 .01

Jnclude ¢ \SPICE\RIT_Models_For_LTSPICE.txt

}—TM2 }—TMS }—TI\M
V1 ritsubp7 il ritsubp? A ritsubp?
<+> Vin1 Vout1 W
— V2
5 F = Al L ova| ™ we
f=—— e o
— — ritsubn7 | rit ub€ U ritsubn?
5 _ _
5 }T 5
L I
}_TMB }_TMQ }_TI\MO
== =
ritsubp7 | ritsubp? J— ritsubp?
Vout2 }_J_
'_IMT V7 |_1M11 vell " w2
= ¥ T
— ritsubn? Ll ritsubni A ritsubn?
5 }T 5
i

© January 2, 2014 Dr. Lynn Fuller
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GATE LEVEL SIMULATION OF XOR — ALL/NOR

File Edit Hierarchy Yiew Simulate Tools Window Help
B E 5 20(Q0aR & HDRE I2EH O LIBDIL3TDN 0D Gy
'( or-gate-level as |1Q: xm-gate-leve\.rawl

All NOR Gate XOR

A1

¥ib)
U Y O IS SNt O O N M PULSE(0105n 5n.5m 1m 2)
A N Y PULSE(0 1 05n 5n 1m 2m 1)
[ N R S S . tran02m0
/
[
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SPICE Examples

TRANSISTOR LEVEL SIMULATION OF XOR — ALL/NOR

LTspice 1Y - xor-Transistor-Level.asc ! E
File Edit Hierarchy Wiew Simulate Tools ‘Window Help
B He 0|l B HRaE 2R M OSB3 XD 0D i |
{: xor-Transistor-Level asc |§Q: #or-Transistor-Lewvel rawl
Exur—Transistor—LeveI.raw !E[ ﬂ xor-Transistor-Level.asc !El E
¥[vout]
.include ¢:'SPICE'RIT_Models_For_LTSPICE.txt
PULSE(0 5 0 10n 10n 0.5m 1m 2)
PULSE(D 5 0 10n 10n 1m 2m 1)
rrtsubp? ‘ Aran 0 2m 0
5V
\*b— ]
ritsubp? ‘
|_1 '_'L T_| rl(suhp? M14
M3 M5
’CJ—_“% bn? riteublr M, ritsubp?
'_lr ubn? ritsul — H—
'_lrrlsubp? out
¥ |—| M3
= M1s
12 ‘ Fb‘ ritsubn?
_ rrl ubn? ritsubn? }_l
M3 ritsubp?
ot !
ritsubp? M1
VB f=——
r'nsubp?
v M4 |—‘ —
J M1l]
ritsubp?
'_l rrl ubn? rrtsu%? '_|
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/=1 SPICE Examples ﬁ

4TO 1 MULTIPLEXER

—) \_output
—

o
ulelw

Out
Digital signals A and B control
which of the four inputs is
directed to the output

11
12

Rochester Institute of Technology I 3

Microelectronic Engineering /
I |= /
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SPICE Examples

4 TO1MUX -GATE LEVEL SIMULATION

LTspice I¥ - multiplexer.asc [_]=]
File Edit Hierarchy Wew Simulate Tools Window Help
| BE H P F0 a2l AaE RN S+ E3 IDN 0D O iniiderp ‘
{: multiplexer. ase |i’: mult\p\exer.rawl
gmultipleaer.raw == E multiplexer.asc [_ O] =]
¥(i1)
10
R1 A
1MEG A5
FULSE(0S 000 025m .05m 200)
" 11 e ‘ pc 2
R2 ‘ D A5
1MEG
PULSE[0S000 .05m .1m 200 A3 ut
12
: =0

¥ib)

-----------------------------------------------------------------------------------------------------------------------

Viouy

@ums{u 5000 100u 200u 40)
. 1z

@uwau 5000 200u 400u 200)

A
tran dm ;PULSE[D 500 DB1m 2m 4]

@ULSE[D §0002m2)

®x=73151ms ¥y =5.577%

li'StartI J |~ Inbox - Microsoft Outlook. | |2 Ci\Documents and Settin... ”ﬂ LTspice I¥ - multiplex...

|@

=]

—

L UREL, L A TP Y sz

i © January 2, 2014 Dr. Lynn Fuller
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ANALOG SWITCH

LTspice I¥ - Analog_Switch.asc
File Edit Hierarchy Yiew Simulate Tools indow Help

-----------------------------------------------------------------------------------------------------------------------

HE B
Bl X0 ol 20 HRE| tRERAAE| LD 3 DD D O fmidr
A, Ansloq Swich.asc | ¥ Analog_Switch raw |
el Analog_Switch.raw Ol x| Analog_Switch.asc M=l E3
¥[vout)
tran 4m
Jinclude cASPICEVRIT_Models_For_LTSPICE.txt
]
3 3
= =
— -
»j Vin T T 1=
M2
p—— - vout
V1 ritsubp? V3 =
V2 Y A W A VA R L U C> H @smm.s 2.5 1K) R1
5 vz M1 T 100k
L T T . S L R TEY (REE PEEEER ERES SRRRRRERES f=— o)
: : ritsubh? =

T SRR 1, VEUUSUUUNS VRV U0 SOOI SO0 SUNSUUUUR! SUUUURTUULI WUUSUURNN SOV SUUNL U BU SOV - }—l l l .
77777777777777777777777777777777777777777777777777777777777777777777777777 =
S Analeg Input N < - 3
S o e R S . O Y PULSE{0 50 1n1n2m 4m 1) s

i © January 2, 2014 Dr. Lynn Fuller |=
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BASIC TWO STAGE OPERATIONAL AMPLIFIER

ME1 j 1_ M3 E’l |__8_| I:M4

- j ’7 | EM:S
10 4{ }c—‘

e [

i from B2 Cprobe
IE1 __
M8 | l — > | M7 |
j ) 145 l: Rprobe I_ ayO u t
Wse
Schematic

Rochester Institute of Technology
Microelectronic Engineering /
I |= /
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SPICE Examples

SPICE ANALYSIS OF OP AMP

incl rit_sub_param.txt
m189 76 cmosn w=9u I=5u nrd=1 nrs=1 ad=45p pd=28u as=45p ps=28u
m2 1107 6 cmosn w=9u |=5u nrd=1 nrs=1 ad=45p pd=28u as=45p ps=28u
M3 8 84 4 cmosp w=21u |=5u nrd=1 nrs=1 ad=102p pd=50u as=102p ps=50u
m4 184 4 cmosp w=21u |=5u nrd=1 nrs=1 ad=102p pd=50u as=102p ps=50u
m57 56 6 cmosn w=40u |=5u nrd=1 nrs=1 ad=205p pd=90u as=205p ps=90u
m62 144 cmosp w=190u |=5u nrd=1 nrs=1 ad=950p pd=400u as=950p ps=400u
m7 2566 cmosnw=190u |=5u nrd=1 nrs=1 ad=950p pd=400u as=950p ps=400u

m855 6 6 cmosn w=40u |=5u nrd=1 nrs=1 ad=205p pd=90u as=205p ps=90u
vdd 403
vss 6 0 -3

cprobe 2 0 30p

Rprobe 2 0 1meg

cc120.6p

mrl 20 20 4 4 cmosp w=6u I=10u nrd=1 nrs=1 ad=200p pd=60u as=200p ps=60u
mr2 55 204 cmosp w=6u I=10u nrd=1 nrs=1 ad=200p pd=60u as=200p ps=60u

kkkkkhkkhkkkkkkkk

kkkkkhkkhkkkkkk

KV — deriv(v(2}) ***dc open IOOp
g al n *kkkkkkkk
: : : : vil900
13.5kV/V gain vi21000
: : i : *.dc vi2 -0.002 0.002 1u
.dcvi2-110.1m
; ; ; ; ; 5 ; 5 *****open loop frequency
e ol 5 ! 5 I T S ! characteristics*****
: : : : : : : : *il900

----------------------------------

*vi2 100 dc O ac 1u

*.ac dec 100 10 1g

—-2.0 -1.5% -1.0 -0.5 o.o 0.5 1.0 1.5 2.0 end

=ween m¥

/
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SPICE Examples

BASIC TWO STAGE OP AMP - LOADING

LTspice I¥ - CMOS_0p_Amp_Two_Stage.raw

[_[=]x]
Flle Wiew Plot Settings  Simulation Tools  Window Help
|FEHTZHacak |28 HRE| s 2RAAS(L LD L3 YD P T D i T |
4, CMOS_Op_bmp_Two_Stage.asc  §% CMDS_DD_AmD_Two_Stage.raw|
!El E CMOS_Op_Amp_Two_Stage.asc !E[
-d[V[vout]]
___________________ .include c'SPICE'RIT_Models_For_LTSPICE.txt
,,,,,,,,,,,,,,,,,,, .op .dcv2 55.001 i
___________________ - L - - -
6
___________________ ;l 2 — — i — Wi
"""""""""""" ritsubp? 4l icubpr _ L ritsubp? __ ritsubp?
Wi
5
=
v =
1 T Vout
I A — L cl
; M1 M3
5 ST : : .
------------------------ L . S S V3 )_|rlsuhn? ritsubnf |_{ 1MEG 15p
S SO S SO P S SO S SR S "_ o
5
,,,,,,,,,,,,,,,,,,,,,,,, O I S S S | ritjubn?
------------------------------------ = o ‘If o
"""""""""""" }_J.riﬂuhn? }_J.riﬂuhn?
- - i
=
x= 500V y=-2.08Y
@ start| | i Trbox - Microsoft utaok ”D’ LTspice I¥ - CMOS_Op... | C\Documents and Settin... | (@) Microsaft PawerPaint - .. | @‘ 7 |?9 AFR A2 SE TS P 85 am
|
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RIT OP AMP WITH OUTPUT STAGE — W/L

\ L, M6 M5, \ M8 - | ‘ L oM11 M5 \

—<—|| - ||—>— —i »— }— — »—
| | M1
|

WIL WIL — - — WIL
WIL ' (9)
100/2[ 1 100/2 \1/\6372 Wi 9 ||686/2
B S
® e L I
] | | M1q -
|
Vin@{ | T YA/ _4_: i I;WL ’ ]1| |—>—/
=~ | 100/2 @ 1 3567 Ml‘?
102| M1 M2 4012 | @ | :— 1
|~
:6) @ @ W/Il R
Mot M13 100/2
| —
— }-~—{ < ’_FI 30/2 3013 | M3 @ Y =
5 ‘M3 M4 DRI i ¥
—7| 4—120/40 | | go2 902 —> sl v _| — s,
M7 1 l MlP B 90/2 902 a I l

W/L Microelectronic Engineering /
[ |= /
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SPICE Examples

RIT OP AMP WITH OUTPUT STAGE

.nclude ¢ \SPICE\RIT_Models_For_LTSPICE.txt

.decv25 5 .001
.op
*
=
. - L - = - = . -
| " | [wn M J
6 _ ‘ M o M19
ritsubp? — L g — ritsubp7 — — ritsubp7 ‘ E i
Vi | ritsubp? 1 [ ritsdbp7 — ritsubp7
- “_|
M12 -
v2 = ritsubp7 M16 —
7l ' — fitsubp? Hitsubn7
| A ]
U l_: M1 M2 :—I » » — R1
T V3 | ritsubp? ritsubp? M9 — — M13 ey
——| e
. ritsubn? L ritsubh7 "— v
| ! — ritsubn?
! — ~ M17
— wr M3 M4 mio = —rithubn7
— rittubn? ritsubn?l_{ }_lrittubn?' ritsu rﬂl_{ }_Jrittubrﬂ
4

Rochester Institute of Technology

Microelectronic Engineering
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SPICE Examples

RIT OP AMP WITH OUTPUT STAGE - RL=100

4.4K. . : . . l1[‘«'[‘«: 1) . . . .
B H—HS S BBl diie————i i QA" ttit
O S
I R e e e e SRR e L e ERREREEEEEEEEEEE Premomneeoonoes R R R R LR R E R
B N e I T A e b B S PO e A
N .Voltage gam max...-:4000 ................. T A S S
R s S S S
I S S S S S S - S
e —-—e,,; oon» e o e R~
s I T S . S T R
R T st SIS e oo et HEEE
0.0K: ' - ' ' m ' ' ' '
5V , : , , [vout] : : : :
e R R e S R ERLE
N - S i A— A A —
PATS IS SRS AU RO Y SO o e T S
L R D e SRR P Possemesoeeoes R EE EEEELEEEEEEEEEE
o ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁfﬁ:ﬁﬁﬁQﬁSQL\_/_QﬂaQE:::Z__Q[._:::: O SO S
B8 S DS W —— S—— AR S S——
T e T T et
D - i .- i B bk
5% : : : ; : ; ; :
Y 4y v 2V 1v oy -1V -2¥ -3V -4y
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/=1 SPICE Examples

OTHER RESULTS

\oltage Gain for 1 MEG Load

\oltage Gain vs RL

Output Resistance

Gain versus Frequency (Gain Bandwidth Product)
Lowest Supply Voltage

Single Supply Operation

Rail-to-Rail Operation

Offset Voltage

Effect of variation of Vt, temperture

more

Rochester Institute of Technology
Microelectronic Engineering
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SIMPLE BJT OP AMP

R3 Rd 15 }/: .
56K 2N3904
>0k ZN3904
T8
ZN3904 IN3904
a7 R13
i T1 T2 17
2ZN3904 \2
Vout
RL
100k
203904 914 2"3939
R14
47

2N3904

T7
R6 R5 RS N3906
1k 4.3k 4.3k

Ae V2 -11.001

[
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SPICE Examples

=

SIMPLE BJT OP AMP

=)

=101 x|

-d[¥[vout])

''''''''''''''''''''''''''''''''''''''''''''''

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

'''''''''''''''''''''''''''''''''''''''''''''''

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

'''''''''''''''''''''''''''''''''''''''''''''

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

----------------------------------------------------------

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

I it R R i R R e ra e R I

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

© January 2, 2014 Dr. Lynn Fuller
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SPICE Examples

BJT OP AMP USE IN ELECTRONICS LAB

FN

VCC =+12V
10 uF == Res
Re1 é % Rez Re1
Qs
10 kQ 10 uF Q2N3906 L’ Q2N3904
Q Q 6
100 Q 100 Q 2
v Q2N3904 100 O
Q2N3906 100 €2
Qs
Qs
Q2N3906
RCB
Rochester Institute of Technology —VEE =-12V 7
Microelectronic Engineering
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SPICE Examples

BJT OP AMP SPICE SIMULATION

Electronics |1
Lab Assignment

Rochester Institute of Technology

Microelectronic Engineering
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SPICE Examples

WAVEFORM GENERATOR

FN

Rochester Institute of Technology

Vol - SQUARE WAVE
Vo2 - TRIANGLE WAVE
Vo3 — SINE WAVE (approximation)

Microelectronic Engineering

:D_Voz Vv V—j>— Vo3

Rf
—\W,
|-

i © January 2, 2014 Dr. Lynn Fuller
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WAVEFORM GENERATOR

K=1 SPICE Examples ﬁ

V w214 —

B e .

BY

AV

_______________________________________________________________________________________________
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AM RECEIVER

i B i i
V2
Antenna 9 R4
- 220K
120K c9
(]
S Q2 1K o C5 vout
ou
l i ol S ZNA124 na1ag 10
| " 2N4124 1
1y it R16 RS
L1 |ct 100k
— rg M C6 100k
T op —
1000 104
L
LC Filter

Input 10’s of UV Output 100’s of mV

Rochester Institute of Technology

Three Stage Amplifier

Microelectronic Engineering
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ofiE
< RN
—
-
R = Ry
a1l = B4
=N N2
LLI SR A
all=ztl: \
LLI IR
=Mk

e g A I O | g g e L

I et el e 3

]
=
K

Receiver_Wideo2.asc

Antenna

i)
V1
0

.ac lin 100 400k 600k

=50K

AC 20E-6

Rser

Page 62
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AM RECEIVER SIMULATION

110m¥

Y[vout)

90mY=
Timy=
50mY=
30my=
10mY=

-10mV:

R10

Vi
INE(1 1 500K)

R11

Y[vin2)

02
2N4124

2N4124 C3

.op
tran 0 0.5m 0 10u

[
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HOMEWORK - SPICE EXAMPLES

Do SPICE for one of the following:

1. Do a SPICE simulation for one of the more complicated examples
shown In this document.

2. Do a SPICE simulation for a completely different circuit not shown
In this document.

Rochester Institute of Technology
Microelectronic Engineering /
| /
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