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To develop adelay model you need spice decks for the
transistors you will use in your design.

Names are the same, the files for n and p are different.

-MODEL CMOSH NMOS3 |

+YERSION = 3.1

+XJ = 1E-71

+E1 = 0.5911956
+E3B = Z2.3408239
+DVTOW =0

+DvTO = 1.6194959

-MODEL CMOSF PMO3 |

+YERSION = 3.1

+EX0 = 1E-7

+E1 = 0.57330%99
+E3B = 12.2321319
+DVTOW =0

+DvT0 = 0D.4215552
+110 = 114.9805241
+0UC = —-1E-10

+AG3 = 0.4141676

http://www.mosis.org
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The capacitance values are easy to get.

TOX

.MODEL CMOSH NMO3 LEVEL = 49
+¥YERSION = 3.1 THOM = 27 TOX = 4_1E-9
+XJ = 1E-7 NCH = Z.3549E17 YTHO = 0.37Z21873
+E1 = 0.3911936 EZ = F.9Z21T7T4ZE-3 K3 = 1.000151E-3
+E3B = Z.3408239 wWo = 1E-7 NLX = 1.631Z214E-7
+DVTOW =0 DYT1W =0 DYVTZW =0
+DvTO = 1.6194989 DVYT1 = 0.4434883 DVT2 = 0.0377411
+100 = Z63.6483Z75 UA = —-1.49Z7Z4E-9 UB = Z2_48Z7BZE-18B
+UC = 6.383723E-11 VIAT = 1.03Z69BES AD = 1.9939594
+AGS = 0.4527086 BO = Z.68511BE-7 Bl = 4_99993E-6
+EETA = -0.017003 Al = 6.236B176E-14 AZ = 0.8797875
+RDSW = 132.0410344 PRWG = 0.3404812 PRWB = -0.2
+WER =1 WINT = 1.0Z28753E-9 LINT = 1.565169E-8
+IL =0 Iw = —-1E-8 DWW = —-1.93104E-10
+DWEB = 8.049315E-9 YOFF = —-0.02471%2 NFACTOR = Z.27755874
+CIT =0 cCD3C = Z.4E-1 CDSCD =0
+CDSCB =0 ETAD = 1.758451E-3 ETAEB = 9_.472Z545E-&
+D3SUB = 0.0194641 PCLM = 0.7440303 PDIBLC1 = 0.18136
+PDIBLCZ = Z_.ZZZ2848BE-3 PDIBLCE = -0.1 DROUT = 0.7450Z61
+P3CBE1 = 8E10 PSCBEZ = 1.71663ZE-92 PVAG = 0.0100274
11 REH = 6.5 MOBMOD =1
1 UTE = -1.5 RT1 = -0.11
Capacitance values = Zaee M Sabieo
R ..61lE-18 ucl = —-53.6E-11 AT = 3.3E1
+WL =0 WLN = 1 1) =0
\ =0 LL =0
T =0 LWH = 1
+ LWL = Z IPART = 0.5
+CGDO = 8.35E-10 C&E30 8.35E-10 CGBO = 1E-1Z
+CJ = 9.5335627E-1 PB 0.8 MJ = 0.3810046
+CJI3W = Z2.467097E-10 PESW 0.8019153 MJIOwW = 0.1148278
+CISWG = 3.3E-10 0.8019153 MJSWG = 0.114a6276
=0 = —-8.218351E-1 PRDSW = —-1.142%115
+PE 4 _ 997963 E-1 = —3.8315Z4E-1 LEETA = —5.945726E-3
+PUd = 5.9Z13884 PUA = —3.38549E-13 PUB = 5.8ZZ9BE-Z1
+PVSAT = 1.653194E3 PETAD = 1.00Z077E-4 PEETA = 2.Z200446E-3



Thevauesfor A and R are not easy to get from a spice deck

What me
worry?
Since we need to back fit A and R anyway, it does not matter.

| do not like this.

Unfortunately, A and R can vary with width and propagation delay.

We need to decide which range of widths and propagation delays
we are going to extract our model for. \

@asy if you have exp@ .




Do not worry If you have no experience!

We can find arange of propagation delays and widths by using
a special kind of ring oscillator.

We sweep arange of

y ; WP=2WN values and
4.L>OY—- 4i>lo‘f—- =t measure the frequency
(and thus delay).
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Average Propagation delay = 1/(2 x frequency of RO x Number of stages)
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Using aring oscillator!

vdd=1.8v, n=3.
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Average Propagation delay = 1/(2 x frequency of RO x Number of stages)



The propagation delay of interest is about 80ps over awide
range of widths for alarge load.

vdd=1.8v, n=3.
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The propagation delay of interest is about 40ps over awide
range of widths for hardly any load.

vdd=1.8v, n=3.
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To extract A and R we will create an inverter test bench with
vdd=1.8V, external |oad=25fF, and propagation delay specifiec

to be 50ps A
oI : Yi[‘.@?
GueSS Ak :;:Ewr:: @m N ema
/ S i WHI

: : =13 E : - _ =13 E
A= 100000 Cyogpg = 247100 “—  Cpq = 9.53.10 Capopy = 835107 °—
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E.(ﬁ#.am 18-/ 54) Rgo = 0721 Dp = 36.10" Yem

. el .
C=25107"F  Ne=1 NMag=1
g~ ; = S =

; 1 : : : MNep-5
Tpgr, = 051007s Mi=1 Ngp=1 Si=1 5., 5P

Nepg
Cy+ Crawny 2 Dp Keo (N + 1) \
WN =

TDHL Guess

—(N+ME)[C b T N R I
T ( ) Crewny %Kgo + CnrPpKeg GDON]

Wyg = 1.205x 107 *om

Wp = RWyg Wp = 241x 10” *om



To extract A and R useinitia WN and WP Vaues and refine
with successive spice runs

Topg = (55.93= 910

torg = (1060=1005).107 4

TPHL M . TPpHI. ~ TPHL M
Wigi= ——= Wy Wyp=1228x 10" *em  Brror = =100
TPHL TPHL
Error = —1.86
TPLH M " TpLH ™~ "PLH M
W2 Wp=2651x10 "em  Brror = =100
TPLH TpLH
Error = —10

Use these values next run.
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Repeat this until you are less than 1% error

Tppr, pp = (55.28-5)-107 s

Tpr g = (10552 - 1005).107 12

TPHL M _ TPpHL ~ TPHL M
W = = War = 12775 107 Y em sl == 100

17 I 17

TPHL TPHL

Error = —0.56

T T =T

T e Wo = 2758 % 107 T e g et TLE Mg
P P P
TpLHE TPLHE Error = —0.4

Note: We use thislevel of accuracy for extraction only!
Parameters can vary by 10% in fabricated designs.
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Extract R by taking the WP/WN ratio of the transistors that
met specification

Thisisfor an nmos that is mostly velocity saturated
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Extract A with the prop delay, R, WN and WP values
found from ssimulation

/ Change thisvalue
12 F g F {38
2

A= 10300Q  Cygypy = 247-100 “=—  Cpqi= 953107 Capopy = 835107 ©—

C1Il C1Il
cin

4 —2

; = : 4

f':j-w.34+ 18—/ 54) Kgo=0721 Dpi= 3610 '

. -1 . .
C,=25100F  Ni=1 Ngg=1

. =9 . . .
Tppr = 051077 M=1 HNgp=1 S5=1 R:=216

Cy+ Crgwny2 Dp Kpg (0 + 1)

WN =
TpHL
Neglgd o (Crewnr Keq + CnrPpKeg + 2Cpon)  Are we done?
e} . . .
W= 1277% 10 “cm g Until these match smulation

. 4

WP = RWN WP =R 1[:]_ Cin



Attempt to break the model by changing the |load

_ _ =) B R _ -8 F _ =i o
A= 1030000 Crgynyy = 247-10 — Crpy = 9.5310 7 Capopy = 8.35:10 —
cin

Lyg = 18107 *em REq = _2\{?@.84“.3—@) Rpo=0721 Dp= sEl et

. =15 . .
C,=50100"F N=1 Ngr=1

TpHL = 0510 gs =1 NSP =1 | E =216

TPHL

- (N+MR)(C P e R R
Nay Ly & ( ) Crswnr 2Kzg + Cni PpKEg GDON)

Wy = 254x 107 *em

Wp = R Wy Wp = 5487x 107 *em

Produced and error of less than 3%! for a doubling of Cg!
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Attempt to break the model by changing the delay

_ gl
Capopy = 83510 7°—

CIn

_ _ 249 E _ =
A= 10300Q  Cpoppg = 247100 “—  Cpp= 95310

s F
CIr 2

cin

‘1/?-[4.84“.8—@) Kgo= 0721 Dp = 360 ok

: ~d ;

. - 15 _ .
C,=25100 °F  Ni=1 Ngg=1

. = . . . .
Tpgr = 0310 s M:=1 Ngp=1 S=1 R=216

TPHL

_(N+ME)[C RS CRE DB A0
Nay Ly & ( ) Crewnr %Ko + Cni PpKEQ GDON]

Wy = 2808x 107 *om

Wp = RWy Wp = 6.064x 107 % om

Produced and error of less than 12%! Note: It was faster than
expected. 15



Attempt to break the model by changing the delay and load

. - 15 . .
Cy=50107°F  Ni=1 Ngg=1

. =8 p _ . .
Tppgr = 03100°s M=1 Ngp=1 S:=1 R=216

Cy+ Crgny 2 Dp Kpo (7 + 1)
WN =

TPHL
N Lyp &

Wyg = 5.586 % 10” *om

Wp = RWyy Wp = 1207x 107 “em

Produced and error of less than 13%! Note: It was faster than
expected.
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Summary

* \We developed a model that will help us
select values for WN and WP for aCMOS
Inverter using the TSMC .18 process

— Reasonably good fit for delays from 30-50ps
and loads from 25 to 50fF

e Some companies have atool that doesthis
automatically

— Y ou need to know how it work, so when it
break, you can fix it!
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Summary

* The nmos was velocity saturated, so the R
value and the A value will be different for
nand and nor gates.
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