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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

In this module we want to look at combining transistors to make
CMOS logic gates. In general we want the logic gate to function
correctly for static operation, we want the noise margin to be similar
to that of the CMOS Iinverter and the speed at which the gate
operates to be similar to that of the CMOQOS inverter.
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CMOS NOR AND NAND

The design guideline is that the logic gate under consideration
should have the same rise time and fall time as the inverter (after we
adjusted the inverter for equal rise time and fall time. Assume L’s

are the same. (W/L),yp = ~ 1.5 (WIL) p140wn D2sed on mobility only

VA VB [NOR|NAND VA_DO—V
| ouT
0 0 1] 1 VB
0 1 0|1 vV
1 0 0] 1 Q
1 1 010 1 SM H L 1.5W
> - ‘
I
VAO ;'Lf@ NAND
NOR .sz
W 2W ™ —OVB
‘OVB I ‘
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VTC FOR CMOS NOR AND NAND

VD .5V
I=2u w=2u
itsubp?
.0V
1=2u w=21
ritsubp’

Vout3 - Voutd 3.5v-] VO u t 2

VA—n VB
J E] M11
- \Vout3
ritsubn ritsubn?
I=2u w=2u I=2u w=2

- \Vout4
g TN NMOS
B L=2u

1=2u w=3
W=2
& 1.5V - U

va I
J M M7 1.0v-

itsubn ritsub: ]. [ m'lsubnT

=2u w=2u Y& 1=2u w=2u I=2u w=2u
0.5V

.include ¢: \SPICE\RIT. _Models _For_LTSPICE. .txt
0.0% T T T T T T

0.0v 0.5v 1.0v 1.5V 2.0v 2.5v 3.0v 3.5V

Voutl PMOS L=2u, W=3u, VA Sweep 0 to 5, VB=VA
Voutl PMOS L=2u, W=2u, VA Sweep 0 to 5, VB=zero
Voutl PMOS L=2u, W=2u, VA Sweep 0 to 5, VB=VA /
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VTC FOR 3-INPUT NAND

The three NMOS transistors each have different source to substrate
voltages which will change the threshold voltage of those transistors
and as a result will change the VTC depending on which transistors
are switching. This causes a horizontal shift in the VTC.

VA VB VC |[NAND +V —

5 o | 1 3 x'g_)O—VOUT
o o 1| 1 AR

0 1 0 1 'WTI* r NAND

0 1 1 1 VA ;_4_ oVOUT

1 0 0 1 '—|E|"1

1 0 1 1 — o VB

1 1 0 1 M2 [

11 1 0 Mg_i' OVC
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3-INPUT NAND

3-Input NAND - Body Effect

dcvd 05.01

.include c:\SPICE\RIT_Models_For_LTSPICE.txt

>JI\.‘I2 >JI\lrl3 >JI\fl4
V1 ritsubp? ritsubp7 ritsubp?
<+> vin1 | I=tulw=40u _ Vout1] |I=tuw=40u I=1u w=40u
A T
N
5 F v2 3 I_Il!nfl.’) V4 M6
— i ritsu ?D L ritsubn
5 I=1u w=Z 0y I=1u w=40u
N
}_TNIS MQ dml1()
V5 ritsubp? i rltsubp? ritsubp?
+ I=lu w=40u Vout2 | 1uvh40u I=1u w=40u
_ Vin2
5 M7 V7 NI11 VE M12
| ritsubn i ritsu rD L ritsubn?
41=1u 5 I=1u Y I=1u w=40u
N

Y[vout?)

Vi

¥iyl Via)

Vib)

3.5V

3.0v=

2.5V

2.0v+

1.5Y=

T

ZH

S
Yy

\outl

n 1
0.5v 1.0¥

her combinations are also possible.

7 Voutl has M2 and M3 NMOS on and M1 NMOS switching

© October 31,2014 Dr. Lynn Fuller

=

i\/outZ has M1 and M2 NMOS on and M3 NMOS switching

Page 8




/=1 Combinatorial and Sequential Logic | \

FAN IN AND FAN OUT CONSIDERATIONS

Fan in refers to the number of inputs to a gate. It is common to have
up to 8 inputs. In CMOS this implies that there are 8 transistors in
parallel and 8 transistors in series. The 8 in parallel is not necessarily
a problem but the 8 in series is because of the body effect on the
threshold voltage of some of the transistors if they are all in the same

well (at Vss or VVdd for p-well or n-well respectively)

j_—

Fan-lIn =6 -
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FAN OUT CONSIDERATIONS

Fan out refers to the number of gates connected to the output of a
gate. Each gate adds more capacitance to be charged or discharged
during switching which has implications on rise time, fall time and

gate delay. The size (W and L) of the MOSFETS can be made to keep
the gate delay small.

O

Fan-Out =6

10

A
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PSEUDO - CMOS

There are situations where we want a large number of inputs. Rather
than have CMOS where there will be many transistors in series

(which will not work) we can use a single PMOS/NMOQOS transistor
that is always on.

Y g Y dd " lad
) ¥ 2
VINO—I: Tovo L Tovo = Tovo
<+ VINO—— H< S
1_ ':|__ VAA‘ B—<|—+ +—| }—VD
CMOS =

Pseudo NMOS
Inverter 4 Input NOR

~
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OTHER BASIC LOGIC GATES

AND : OR . 3INPUTAND 3 INPUT OR

| VA @ VA
VA _— . VB VOUT: VB ~“VOUT
VB —)VOUT D VouT; . VC

VA VB VOUT: VA VB VOUT VA VB VC|VOUT VA VB VC NOUT
0 0 0: 0 0 0: 0 0 O O :0 0 O 0
o 1| 0{o0 1| 1:0 0 1 O0io0 0 1| 1
1 0 0! 1 0 110 1 0 0 :!p0 1 0l 1
1 1 14{1 1" 1:0 1 1 O0+i{o0 1 1] 1
| 1 0 O 0 1 0 0 1
I o[ i D e {101 010 1| 1
| 1 1 O 0 1 1 0 1
1 1 1 1 1 1 1 1
"
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OTHER BASIC LOGIC GATE REALIZATIONS

N
\

Enhancement Load

V++ Gate Enhancement Load

Depletion Load

Pseudo CMOS NAND, NOR

CMOS AND-OR-INVERT Gate

Generalized Complex CMOS Gate

More Complex Gates, XOR, MUX,
Encoder, Decoder, etc.
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CMOS AND-OR-INVERT GATE

+V

e

e

—I ¥

T

oVOUT = (VAeVB)+VC

VA ——*

1Y 9140

T

—\VC

IT _T1T

VB

7
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GENERALIZED COMPLEX GATE

~
\

+V
]
A
B —_—
C
R ‘ F = (VA+VB)eVC
A—
—
S— Design a gate that
provides this output
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EXCLUSIVE OR (XOR) DESIGN EXAMPLE

(zero) otherwise.

Truth Table

Gate Level Design

Functional Description — This digital logic circuit returns a true
(high) value when one of two inputs is high and returns a false

VOUT

Exclusive OR vaA VB
XOR 0 0
0 1
1 0
1 1
_I>°l —|>°-

-

-

A

0

1
1
0

}@— COUT
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GATE LEVEL SIMULATION OF XOR — AND/OR

LTspice I¥ - xor-gate-level-AND-OR.asc
Fle Edit Hierarchy “iew Iimulate Tools Window Help

B H P F IR [(BEIERE {2RAAS|L LB I IO OD Ok

1, sor-gatelevehAND-OR, =5 |§:: war-gate-levelAND-OR raw |

xor-gate-level-AND-OR.asc

| H H H H H H H A

A S S S A N T S S V1 V
1 = | — T s | | N
@ (")

tran02m o0

2

PULSE(0 1 0 5n 5n 1m 2m 1)

PULSE(0 1 0 5n 5n .5m 1m 2)

{ © October 31, 2014 Dr. Lynn Fuller
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‘ NOR CIRCUIT REALIZATION FOR XOR \\

9_}0' Exclusive OR vA VB |VOUT
> | XOR 0 0 0

M— ouT

=)
_, Ok

1
1
0
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GATE LEVEL SIMULATION OF XOR — ALL/NOR

File Edit Hierarchy Wew Simulate Tools Window Help

| B2 " T 20| Q0aR & BT IREH O LI®IL3TDDOD Ao

'l: Ror-gate-level asc |1Q: xm-gale-lave\.rawl

Al

All NOR Gate XOR

Aran02mo0

PULSE{0 105n 5n.5m 1m 2)
PULSE({0 10 5n 5n 1m 2m 1)
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TRANSISTOR LEVEL SIMULATION OF XOR — ALL/NOR

File Edit Hierarchy Wiew Simulate Tools ‘window Help
|BE EP AN QCR(EL ERE LEENRAE(L LD EI TN DD O P |
1, worTransis torLevel asc |k: war-T ransis tor-Leve\.rawl

I Hor-Transistor-Level.raw O] x| ®or-Transistor-Level.asc [_ (O] x|

¥[vouf]

.include ¢\SPICERIT_Models_For_LTSPICE.txt
PULSE(0 5 0 10n 10n 0.5m 1m 2)

. ; 2l PULSE(0 5 010n 10n 1m 2m 1)
: : . . ,
! : : : : _ Aran 0 2m 0
Vivh] e "‘SUDDH
: : : : = &
: . . . 1 j— Fitsubp? M6
: : : : T uA p—— o

C_ |_lr'rlsubp?
5 N U:L = o - —} ritsubp? [ i
}_J_r“SUbn? rit%uhn? ritsut%? M7 — riteubp?
'_l ’_| '_lrilsubp?
Y L
J 41;_' s MmT—‘L U n::s 7
M8 ritsubp? '_| rit}uhn? ritsul%? = )—1 %'
J ' — ~

ritsubp? M1
VB fe——
|_lri'lsubp?
V4

M4

e '_‘Ms M1l]T_|
ritsubp? ritgubn? ritsubn?

}_l = } —
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BASIC CELL XOR

Input A
Port in Doi,_ A'B
B
- Port out >
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Port in ™\
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LAYOUT FOR XOR
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BASIC DIGITAL CELLS WITH PADS

Multiplexer XOR FuIIAdder Encoder  Decoder Demux

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

ter%

----- fifV- S0 DR BCDCK nand3 [nand3

nand2 hend2 nand? pand2 hend2 inand2

nver

; S—

JK FF
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4 TO 1 MULTIPLEXER
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4 TO 1 MUX - GATE LEVEL SIMULATION

LTspice I¥ - multiplexer.asc
File Edit Hierarchy Wiew Simulate Tools MWindow Help

B HT A RCQR (B ORE tBEMAS LD L3 IDDO D O
{: mu"iD'EXE'ﬁmlh multip\exer.lawl

@ULSE[DEDDD 0Z&m 0Fm 200)
@ULSE[U 5UUU 05rm A 200

@ULSE[DSDDU1DU 200u 40] § A4
|
1 |
R4
1MEG
FULSE[D & 000 200u 400u 200]

@ULSE[UﬁUUU A 2m 4]
@ULSE[D S0002m 2]

x=73.151ms y=15.577Y
d'Startl J 1~ Inbox - Microsoft Outlook [ CiDocumnents and Sattin...l LT LTspice I¥ - multiplen...

—
| @2 e LA, :sag)oy
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IN BASE 10
7
+2
9
IN BINARY
11 CARRY
0111
0010
1001  SUM
\
\ Rochester Institute of Technolody

‘ ADDITION IN BINARY \

0000
0001
0010
0011
0100
0101
0110
0111
1000
9 1001
10 1010
11 1011
12 1100
13 1101
14 1110
15 1111

coNO Ol B~ WwWwphNhNDPEF O

Microelectronic Engineering

TRUTH TABLE
FOR ADDITION
RULES
A B CIN| SUM CcoOuUT

0O 0 O 0 0
0O 0 1 1 0
0 1 O 1 0
0O 1 1 0 1
1 0 O 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1

=
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‘ AND-OR CIRCUIT REALIZATION OF SUM \

o (e - TRUTH TABLE
— FOR ADDITION
! i } RULES
| — A B CIN| SUM COUT
t ._} | — 0 0 0| 0 O
— >_ sumy 0 0 1 1 0
: — 01 01 1 o0
? ,__} 01 1|0 1
— 1 0 0 | 1 O
s 1 0 1|0 1
I l - 1 1 01| 0 1
1 1 1 1 1

A B Cin

Rochester Institute of Technology

Microelectronic Engineering /
I |= /
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‘ CIRCUIT REALIZATION OF CARRY OUT (COUT) \

o (e - TRUTH TABLE
— FOR ADDITION
T } RULES
| — A B CIN| SUM COUT
T } | — 0 0 0| 0 O
— >_COUT 0 0 1 1 0
: — 01 01 1 o0
T ,__} 01 1|0 1
— 1 0 0 | 1 O
s 1 0 1|0 1
I l - 1 1 01| 0 1
1 1 1 1 1

A B Cin

Rochester Institute of Technology
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FULL ADDER

nend2

nand3 hend3 nand2 nand3

invert er

invert er
inverter

SN, TN, S T
R R R et Rl
-

il
(A R T
Y BT B 3 WA X W o

nend2

nand3 %nan d4

TRV & RO LW RO T
Bﬂmmﬂmmﬂmm&mmm
ralll il .o JUN
Hﬂ

mmmmmmﬂm%fﬁ
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DECODER
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ENCODER

Qo

3!

Qn

: Coded
Output

Lines

Digital Encoder

512 inputs can be coded into 9 lines
which is a more dramatic benefit

A
B

C
D

No Connection

Rochester Institute of Technology
Microelectronic Engineering
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FILP-FLOPS
R S Q
i Ti})_l_Q 0 0| On-1
RS FLIP FLOP |>< 0 1 1
s—J »—qeaR 1 0| 0
1 1 INDETERMINATE
D FLIP FLOP
g)@_ 0
DATA )—i}' QBAR
CLOCK

Q=DATAIF CLOCK IS HIGH
N IF CLOCK IS LOW Q=PREVIOUS DATA VALUE

\ Rochester Institute of Technology

g Microelectronic Engineering /
| /
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MASTER-SLAVE D FLIP FLOP

~
\

CLOCK

o

><

DATA __ |

B e e DY

NEGATED INPUT NOR IS EQUAL TO AND

AT :,|> ADOUT
_ _ _
B—|>°B — B
A B | A B |OUT OUT
0 0 11 1 0
0 1 10 1 0
1 0 01 1 0
1 1 00 0 1

Rochester Institute of Technology

=

Microelectronic Engineering
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ALL NOR MASTER SLAVE D FLIP FLOP

DATA ___ |

_>D—P\j}| = %Di)@

| | {/ —i)o—rz}l_
D |><3i>3| — |><|_ 0
<] .

CLOCK

Rochester Institute of Technology ALL NOR NMOS REALIZATION

Vierosone ERE T AL LOWS FOR LOWER SUPPLY VOLTAGE
_F
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CMOS CLOCKED DATA LATCH USING AND-OR-INV

CLK

ol

Y
CLK s
D C of Ll
VDD

-
- I;_YL

~
\

=

Rochester Institute of Technology
Microelectronic Engineering
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EDGE TRIGGERED D TYPE FLIP FLOP

: Posttive Edge Triggered
D FF —D Qr
—I= @ -
Inputs
CLK D ¢
o 7
1T
X o0
x 1

Rochester Institute of Technology
Microelectronic Engineering
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JK FLIP FLOP

gha nd2 nand?3 hend2 hend2 nand2 fnandZ inendZ nend2

L

L.!J—LE ! [ 228
Postive Edge Triggered
JE FF

]
_ _ —=C
K%} —BC < < —£ QF
3
’7 Tnputs Chutputs
TEC | @ ¢
oo T Q 6
01 M| o 1
1o+ 1L 0
111+ Q@ Q
XX0| Q Q
X1 Qo Q
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T-TYPE FILP-FLOP

TOGGEL FLIP FLOP

\

:l‘ﬁf‘.’%"%‘-jfﬂfﬂi':::f::::”.
1 ‘B[,H@w@—w e s

| | b e i o
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BINARY COUNTER USING T TYPE FLIP FLOPS

Input —
Pulses

~
\

Rochester Institute of Technology

=

Microelectronic Engineering

State Table for Binary Counter
. A —
T Present  Next F-F
A o State State Inputs
‘7 A — A B c |A B Cc| TaTgTc
0 0 0| 0 0 1 0 0 1
0 0 1| 0 1 0 0 1 1
B 01 0| 0 1 1 0 0 1
. 01 1| 1 0 0 1 1 1
— T 1 0 0| 1 0 1 0 0 1
B — 1 0 1 1 1 0 0 1 1
B — 1 1 0] 1 1 1 0 0 1
1 1 1] 0 0 O 1 1 1
A A \A
BCN. 0 1 Bc\ 0 1 BCN\ 0 1
¢ T Qnl Q 00|o|0| o0|g|lO| 0O[1]1
0 0| o
Tc . o 1| 1 of{o|o0| o1|1]|1| 0111
C 1 (1’ é 1|1 |1| wm|1]1]| 1|11
TOGGEL FLIPFLOP 10{ 0|0 10lo0l0| 10[1]1

>—I
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3-BIT BINARY COUNTER WITH D FLIP FLOPS

S = &l i BNE

dF £l

T

¢ ‘

inverLap

inYerLep
()
=
S
inyapkep

T ETT

Rochester Institute of Technology
Microelectronic Engineering
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INVERTER WITH HYSTERESIS

1
R=100K ] -
Vout ) .
3 "o Inverter with Hysteresis
+ ‘ B M3
C_ vl ‘ ] \Vout
5V — p
2 7 A L

Ml -
V2=0-5 [+ 4{
Or5-0 ‘-

1 < >Vin

\ The voltage on node 7 Is different depending on if Vout is high or low.
Changing the Voltage from source to substrate which changes the
threshold voltage of M2

, © October 31,2014 Dr. Lynn Fuller H  Ppage 42
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/ | | \
& NMOS_Inv_Hysteresis.asc = || = ][ 5= | | ¥ NMOS_Inv_Hysteresis.raw ===
5.0V V[vout2) V(in2)
sV T rrrrrrrr rrrrrrrrrrrrrrrrrrrrrrrr
a0V
35V
NMOS Inverter With Hysteresis i R
» » 2oV
R1 Vi R2 Sl
100k 100k L S e e S — S e
Vout 5 Vout2 L R e e oo e I
J M3 M2 T 3, -------------
RITSUBNT Tl RITSUBN7 T (P~ ‘ —
in rz" E E E : :
N
v J M5 @ M6 o] e I S R A
ﬁlITSUBNT Z ITSUBN7 s s =
0 o 14 T
JNC C:\SPICE\RIT_Models_For_LTSPICE.txt
dcv205 .1
[ R | --------------
llm[’l.[l\.f U.IEV 1 EIV 'I.IEV Z.EIV 2.‘5\" 3.EIV 3.‘5\' 4.EIV 4.‘5\' 5.0V

(Flip Blue output about the y-axis and superimpose on Red-Green Pl

SPICE shows inverter has hysteresis

© October 31,2014 Dr. Lynn Fuller

=

Page 43

"/




K=( Combinatorial and Sequential Logic |

RC OSCILLATOR USING INVERTER WITH HYSTERESIS

™~

= RC Oscillator

i, S =Er=] |
R1
100K 3.6V
}J VOUt 3.2v=
M3
R2 RITSUBNS T T| |
100 :j % E 2.4v=
| VA M5 m
| (7))
o ITSUBNS (2 R
— 14
-
.include ¢:\SPICE\RIT_Models_For_LTSPICE.
.op
Jdcv(out) =0 VOUt
tran 0 1000u 0 10u  .PLOT TRAN v(vOUT) C::

/

© October 31,2014 Dr. Lynn Fuller H  Ppage 44




Combinatorial and Sequential Logic

/=‘

=

BUFFERS
R
—\W\——
\Vout Vout’
C —
RC Oscillator Buffers
N
\ Rochester Institute of Technology
Microelectronic Engineering
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CMOS INVERTER WITH HYSTERESIS

4, CMOS _Inv_Hysteresis.asc ol -E )] | ¥ CMOS Inv_ Hysteresis.raw o [=[==
5.0V Yvout2) ¥Y[in2]

4.5v-
4.0V-
CMOS Inverter With Hysteresis v §
‘ Vdd , |
= - 3.0V :
~ o I~ o |
V1 :
w2 L R I ;
= = ] _ = — ] 2.0V=y
— UBHUUl: ) a 5 N Uaﬁuul: = a :

o Eﬁ> 24 EAI—EID S ...................................................................................................................

= l = l L1 LT -----------------------------------------------------------------------------------------------------------------
UL LY |

.|, RITSUBP7 .|, RITSUBP7 e S N A S
I=2u w=120u <7 I=2u w=120u :

Vout Vout2 gw_ Viin)

— )— : ;
M3 3

L A5 N e
RlTsuEfsw RITSU |

: T W«—T L vaa _ T W T—\.n:m DV S O SO O SOOS OO SO SR ISR P i S
in Sh= (= in2 b= |
eZ (= (=0 E |
M5 < m < m :
V2 n E1 n
|, RiTsuBN7Z® Vdd— L RI SUBN7Z @ i
I=4u w-4o E o U w=408E 3
0 e in 1 e |

1.II]V

INC C:\SPICE\RIT_Models_For_LTSPICE.txt

decv205 1

1.0V

0.5V

Rochester Institute of Technology

Microelectronic Engineering

SPICE show this inverter
has hysteresis
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OSCILLATOR CMOS INVERTER WITH HYSTERESIS

1, CMOS_RC_Oscillator.asc o= |3 | 2 cMOs RC_Oscillatorraw o |[@][®
4,83
CMOS RC Oscillator Using Inverter w Hysteresis
JInclude c:ISPICElRIT_ModeIs_For_LTSPICE.tx(Idd L e ARRRCLELRARI LT i SEERES RS ECEl RALREREES B REERS Bt et e Sl St o S it 1 ARkl Rl Sttt A B
[
.tran 1u 5 %
M8 L= T e A S >
i a i Vi
; l: KL NSRRI RIS (RN IR NPT N SN R THNAY N N S ER (A RO DR RE ER i WA DI R——
=2u W=1202¢ o _
— RITSUBP? u (2
- = EYAT8 NSRRI SRR S SO IR S NN SO O NS STTH U UL RN DY R SN KN NN SR N
M7 >
rRITSLUBP? T | s M P e
|'C‘}'7Vdd 2.8V
- L=2u W=120u
P 1.8 SRR JUUY NRPE: ) YN [N NN DU UL TN [N (RN RN () NS N e e DN D AR
Vout N
R1 M3 L=4u W=40u Pl R EEEEEEERCOE! REk EREELD tEE{ EEEEE] CET REEEE EEE EEEREE (RO EEEREE ERL TEEEE| SET SOEEEE (hil REREEE Shl SELAE! EEE SRECH
RITSUB
10k S N, T_V PO VU SO It OO T U A0 O O 0 L O O 0 O
[S=
in =
L=4u W_4Du m | EERCTE TF FEREEE SOF TERRN] O8] ECERR BE IEORE TF TEESEE B SReS
c1 M5 =)
|, RITSUBN? » —"\\A——
2 L=2u %-40u
ad=680p as=680p pd=114u m=114u R __________________________________________________________________
VO ut l].E:us l].h!us l].?’lus I].Blps I].!]Ips 1.0ps

Rochester Institute of Technol

Microelectronic Engineering

RC Oscillator

/
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HOMEWORK - LOGIC

a A W b &

N
\

Design a pseudo NMOS NAND gate. Use 1um technology.
Show it will work using SPICE.

ook up the data sheet for the MM74C14 CMOS inverter with
hystersis. Design a 10 Khz oscillator.

Use SPICE (transistor level) to simulate the 1 to 4
Demultiplexer.

Use SPICE (transistor level) to simulate the positive edge
triggered D-type Flip-Flop.

Use SPICE to simulate a CMOS RC Oscillator with Buffers.

=

Rochester Institute of Technology
Microelectronic Engineering /
I |= /
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SPICE MODELS FOR MOSFETS

*SPICE MODELS FOR RIT DEVICES - DR. LYNN FULLER 4-10-2014
*LOCATION DR.FULLER'S WEBPAGE - http://people.rit.edu/Iffeee/CMOS.htm
*

*Used in Electronics 11 for CD4007 inverter chip

*Note: Properties L=1u W=200u

.MODEL RIT4007N7 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
+VTHO0=1.0 U0= 600 WINT=2.0E-7 LINT=1E-7

+NGATE=5E20 RSH=1082 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 CGDO=3.4E-10 CGBO=5.75E-10)

*

*Used in Electronics Il for CD4007 inverter chip

*Note: Properties L=1u W=200u

.MODEL RIT4007P7 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
+VTHO0=-1.0 U0= 376.72 WINT=2.0E-7 LINT=2.26E-7

+NGATE=5E20 RSH=1347 JS=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94
+CJSW=1.19E-10 MJSW=0.5 PBSW=0.94

+CGS0O=4.5E-10 CGDO=4.5E-10 CGBO=5.75E-10)
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SPICE MODELS FOR MOSFETS

*Used for ALD1103 chips

*Note: Properties L=10u W=880u

.MODEL RITALDN3 NMOS (LEVEL=3

+TPG=1 TOX=6.00E-8 LD=2.08E-6 WD=4.00E-7

+U0=1215VT0O=0.73 THETA=0.222 RS=0.74 RD=0.74 DELTA=2.5
+NSUB=1.57E16 XJ=1.3E-6 VMAX=4.38E6 ETA=0.913 KAPPA=0.074 NFS=3E11
+CGS0=5.99E-10 CGD0O=5.99E-10 CGB0O=4.31E-10 PB=0.90 XQC=0.4)

*

*Used for ALD1103 chips

*Note: Properties L=10u W=880u

.MODEL RITALDP3 PMOS (LEVEL=3

+TPG=1 TOX=6.00E-8 LD=2.08E-6 WD=4.00E-7

+U0=550 VTO=-0.73 THETA=0.222 RS=0.74 RD=0.74 DELTA=2.5
+NSUB=1.57E16 XJ=1.3E-6 VMAX=4.38E6 ETA=0.913 KAPPA=0.074 NFS=3E11
+CGS0=5.99E-10 CGD0O=5.99E-10 CGB0O=4.31E-10 PB=0.90 XQC=0.4)

N
\

Rochester Institute of Technology
Microelectronic Engineering

=
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SPICE MODELS FOR MOSFETS

~

*4-4-2013 LTSPICE uses Level=8

*For RIT Sub-CMOS 150 process with L=2u

.MODEL RITSUBN8 NMOS (LEVEL=8

+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
+VTHO0=1.0 U0= 600 WINT=2.0E-7 LINT=1E-7

+NGATE=5E20 RSH=1082 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)

*

*4-4-2013 LTSPICE uses Level=8

*For RIT Sub-CMOQOS 150 process with L=2u

.MODEL RITSUBP8 PMOS (LEVEL=8

+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
+VTHO0=-1.0 U0= 376.72 WINT=2.0E-7 LINT=2.26E-7

+NGATE=5E20 RSH=1347 JS=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94
+CJSW=1.19E-10 MJSW=0.5 PBSW=0.94

\ +CGSO0=4.5E-10 CGDO=4.5E-10 CGBO=5.75E-10)

E { © October 31,2014 Dr. Lynn Fuller =
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SPICE MODELS FOR MOSFETS

N
\

* From Sub-Micron CMOS Manufacturing Classes in MicroE ~ 1um Technology
.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
+VTHO0=1.0 U0= 600 WINT=2.0E-7 LINT=1E-7

+NGATE=5E20 RSH=1082 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 Sub-Micron CMOS Manufacturing Classes in MicroE ~ 1um Technology
.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
+VTHO0=-1.0 U0O= 376.72 WINT=2.0E-7 LINT=2.26E-7

+NGATE=5E20 RSH=1347 JS=3.51E-8 JSW=3.51E-8 CJ=5.28E-4 MJ=0.5 PB=0.94
+CJSW=1.19E-10 MJSW=0.5 PBSW=0.94

+CGS0=4.5E-10 CGDO=4.5E-10 CGBO=5.75E-10)

Rochester Institute of Technology

=

Microelectronic Engineering
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SPICE MODELS FOR MOSFETS

v

\

*4-4-2013 LTSPICE uses Level=8

* 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

+VTHO0=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)

*

*4-4-2013 LTSPICE uses Level=8

* From Electronics 1l 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
+CJSW=1.19E-10 MJSW=0.5 PBSW=0.94 PCLM=5

+CGS0=4.5E-10 CGD0O=4.5E-10 CGBO=5.75E-10)

*
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