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Lecture #17
() HW #5 Due Today
(©DHW #6 Due Next Friday
@ Today

= @ascode amplifiers

@%J CMOS process, LTSpice simulation models
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Review CS, CD,@amplifiers
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Cascode input: Example
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Allen/Holberg text Figure 6.5-1
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Folded cascode
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Lecture #17
Introduction to 0.35u CMOS Process
and LTSpice Simulation Library

1
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TypiczM_Oi/mcess (minimum channel length: 0.35um)

Thick field
SiO, oxide
(FOX)

Polysilicon
(POLY): —_|
NMOS and
PMOS

gates ” : N
g P-Well - S
n+ diffusion — o+ diffusion
N-—MOS P=Subsirate .
(Sand D of N MO (S.and D of
NMOS) PMOS)

* psubstrate

* pwell (body) for NMOS transistors, n well (body) for PMOS transistors
n+ and p+ source/drain diffusions

1 or more polysilicon layers (2 POLY layers in this example)

2 or more metal layers (4 metal layers in this example)
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inverter_intro.asc

layout
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NMOS

nmos_035.asy

Spice model library: 5827 _035.lib

NMOS transistor

B (p substrate) must be tied to most negative
supply rail

PMAQS transistor
B is n-well, usually most positive supply rail

Rsheet = 1.2 k&) /square, TC = —-400 ppm/°C
“square” = L/IW

Rsheet = 50 O/squate, TC = +830 ppm/°C
“square” = L/IW

Unit-area (5u*5u) p+ diffusion to n-well diode
n = area multiple. Cathode must be tied to the
most negative supply rail
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Example: NMOS model b

-subckt NH P B : ] B

+params: Wk B

M1 D G S B N 240y A5={2uxy PS={2%(2u+W)} PO-{2ux} PDs{2x(2u+H)} G f—o e
=Tu

-ends
L=0.35u
=
= NHOS transistor model S
*
-HODEL HH NHHOS LEUEL=8
M nmos_035.asy
exxexrrxRExRExREAFEAR%x% SIHULATION PARAHETERS *************N&***
=
* format : LTspice
* nodel : HOS BSIM3v3

TYPICAL MEAN CONDITION

* #xx Flags ==
+MOBMOD =1.0008e+88 CAPMOD =2.008e+00

* D =3.008e+088

*x% Threshold voltage related model parameters xxx

c5.0296e-81
.3985e-02 K3 =-1.136e+088 K3B =-4.399e-01

+HCH =A.611e+17 UTHO =4.97%e-01
+UOFF =-§.925e-02 DUTO =5.0800e+01 DUT1 =1.039%9e+00
+DUT2  =-§.375e-03 KEThA  =2.032e-02

+PSNRF1 =3 JS4Rp+0AR PSNRF? =7 _LO1p-0AG5
../ more (BSIM3 model is very detailed and complicated)...

« W, Lare circui(ﬁ%n parameters, minimum 0.35p, minimum increment 0.1p
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 ice, (user must then manually specify AS, PS, DS, PD)
¢ \ery detailed BSIM3 miodel (industry standard)
' 15
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Approximate models for hand calculations

Vi, =048V <
£nCox = 90 HAIV?

NMOS [ 2y~ 0.035 1V (L=1p)
nmos_035.asy  “|F—° Weta. - 0.025 1/V (L=2p)
S QN EETS <0.015 1/V (L>4p)
PMOS mi M2 YV~ -0.62V <
pmos_035.asy |- . . w=tu- - ,upCoxz36 pA/VZ
RS 2~ 0.046 1/V (L=1p)

0.019 1/V (L=2p)
<0.01 1/V (L>4p)

urate results using hand
ly for short channel lengths (L <2 p)
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Setting up 0.35u CMOS symbols and model library for
T LTspice
Option 1: local (does not require administrative privileges)

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

er’ting_;r ake symbols and model library globally available
Place all symbols (*.asy files) in a new folder (e.g. 5827) in
C:\Program Files\LTC\SwCADIINlib\sym
* Add model library 5827_035.lib to
C:\Program Files\LTC\SwCADIINib\sub
In any case, an LTspice schematic must include:

lib 5827_035.1ib

17
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LTspice schematic entry

X | nar Ve Ry | TogpbesPomnc bt A1V 10 - [hovesraen_wmtra]

= s
[, bl EN Heewdy fem e bk S Hel S
:-u=H-r® BUAR B ERE 10N A8 .f~=-~!-n-=4@.--:-' &@
| Run simulation Enter component Enter Spice

“dot”
command$

jtran 0 1080 0 in Z 3
ac dec 101 1k 1g 2M ,g 2
(=1 =]
deVinD330017 o L - n
= = 5 = % pLY
L] - ¥ -
L 1 include
VoD 5807_035.lib
in library
Yin
3w | 1.5¢
— AC1
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Use of NMOS symbol in LTspice
(1) place nmos_035 symbol (2) CTRL-right click to open Attribute Editor
’_T M3

F—=
- =AW=t
L=0.35u

— = (3) Change Prefix to X to use subcircuit model
—i with automatic adjustments of AS, PS, AD, PD

=i . Comnpaent Attribute [dor B

D S| bimiurmerd ared o' agparvny disaramd s vl

T bt dibermaren Wt lypon of 4wl ol 23, ALIC oL

Prod =
iutabars el W
Frada i
ot wre H
S pualbvndel
. hH
The same applies to pmos_035 — wely
Spmnre Lol s
Spualred
e l:-'\-lr_l
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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
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DC sweep example: inverter Vo7 versus Vy

[ Ty L oph Pt WCl W | revis! Bl <2
g —— rrg——

Ba T A4 aqon GEd SRE 1o &8

——

s = |
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AC sweep example: inverter as an amplifier, magnitude response ||[V,./Viql| [dB]
[ bt o mahr  Tph ot A8 B resio w1 ok
-"_.-ZH'|" "..‘-‘-.-,:.L'.I.':=_t_§: L o8
i —— —

s = |
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Transientexample: inverter vgr(t) for pulsating v(t)

P b T B gy | T Pl U0 BB | v, o 53
- - g - =g
= o LR ERE iy A8 LDl ToB00 g
i 3 T
=i JE]
|
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Hierarchical schematic entry
Inverter circuit with
ports labeled (using )
Edit, Label Net, or E Symbol representing the inverter circuit
F4 key) l
inverter 035_l.asc & inverter_035_1.asy
1 names must match 1
Symbols g \ 1 I g | ]
used to ) ‘ ;_:j.o | | e .o s e ol
enter larger Ry 1 1 1 G e T
circuits )Y ‘ ‘
: H. oo test_inverter_035_1.asy
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HW Problem S8

vdd

:
) —¢ﬂ7
W=50u . W=250u

L=2u

M1 M
W=50u - W=50u vp
7 L=1u L=1u [ 1.65
AC1
™ 1
M3 H}
W:lO’
=2 £

11
— M4 1pF - M6
'W=10u 'W=100u
3 =20

*
VDD 8
W=10u
L=2u —
J73.3v
11
.lib 5827_035.lib 37
;dc Vin 0.3.30.01
.o0p 1pA
;ac dec’200:10 100meg
7
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out
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