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Sized Inverter Drive net with
RC Parasitic

For executing this manual we used the followinggpam:

‘_1 Virtuoso® Front to Back Design Environment 5.10.41.500.3.49 _ |

Custom IC Design Tools
YWirtuaso® Front to Back Design Environment 510417500549

Cadence lo

The technology library we used to was createddngth
0.18um of a transistor.

o d Library Property Editor x

Ok | Cancel | apply | .F'u.dd| Delete| Mudify| Help
Library
name | SOCCMOS TSMC18 owner | S0l _wl
group : 10 lastModify : Mar 18 21:45:30 2007

read Path | Jusers/metapp/staffSol w1 /TSMC 018 /50CCMOS TSMC1E

wite Path | fsers/netappfstaff Sof w1/ TSMC 018/S0CCHMOS TSMC1E

UHEL Permissions Mode

Owner : s Group @ rwE Other: r=

cdfData Type "schematic" instDisplayMode "instMName"))

The work was done in hierarchical way.

At the beginning we created thev_1 cell in schematic view
And afterwards we created a symbol for the cele $ame for
rc_linecell.
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As you can see we splitted the bulk of nmos andheoted
different gnd for source in order to reduce thesaoi

Also we defined design variables (PmosW/ PmosL bBMd/
NmosL) which later will be used for simulation.
Afterwards we created a symbol for Inv_ 1

Cmd: Sel: 0
Tools Design Window Edit Add Check Options He
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rc_linecell
We created one unit of rc_line from 3 resistors eayolcitors. It
will save a lot of job and place in paragraph 3t@ad of
creating 30 units we will copy 10 symbols of thédwing
cells). Also we defined R/C as design variables.

L

The next stage was to build a state of simulation.
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Simulation of paragraph 1
The simulator is:

L d Choosing

Ok Cancel | Defaults

Fusers/netappSstaff /S50t _wlsimulation

Project Directory

Host Mode

distributed

¥ local remote

With the following resolution:

L4 Simulator Options

0K Cancel | Defaults | Apply

TOLERAMCE OPTIONS

reltol le-3
vabstal le-f
iabstol le-12

Help

All the simulations are |n typlcal mode (no cornexgquired).

- B

"SuzrSods/TSHC UiﬂrFmedelsfspectrefrFﬂiﬂ zcs"
"SusrSods/TSMC_0180f /mode s/ spectresrfOLE, sce”

"usrSods/TSHC_018-f /mode 1=/ spectre/rF018, 2"
"Susrsocds/TSHC_018-f /mode ls/spectre/r 018, scs"
"fusrdods/ TSMC_018rf Ymode ] =/ spectredr 018, scs”
"SusrSods/TSHC_018-f /models/spectre/rF01E, sos"
"SusrSods/TSHC_0180f Fmodels/spectre/r L8, sce”
"usrSods/TSHC_018-f /mode 1=/ spectre/rF018, 2"
"SusrSods/TSHC_018-f /mode 1=/ spectre/rF01E, sca"
"SuzrSocdsSTSMC_0180f /mode s/ spectre/rfOLE, sce”
"SusrSods/TSHC_018-f /mode =/ spectre/rFOLE, s
"SusrSods/TSHC_0180f Fmodels/spectre/r L8, sce”
"SusrSocds TSHC_0180f /mode 1=/ spectre/r 018, scs”
"SusrSods/TSHC_018-f /models/spectre/rF01E, sos"

section=tt_3v
zection=tt_na
zection=tt_3Zuwna
section=tt_m
zection=tt_3m
section=tt_bip3
zection=tt_bip
zection=dio3
zection=dio_dnw
zection=dio
zection=tt_res
section=tt_mim
zection=tt_bbmwsar
zection=tt

Scale & Celsius
LEEHI‘EES 21

Cancel |Defaults Apply

-~ Farenheit .

Kelvin

J
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The following test was created for the simulation:

We generated an input signal with vpulse sour@smHZ.

voltage 1 0.0% off
Voltage 2 1.8 % off
Delay time 0 g off
Rise time lp = off
Fall time lp = of f
Pulse width 20n s off

Period 40n = off
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The netlist which was created by simulation:

|// Generated for: spectre

{1 Benerated on: Mar 22 21:20:51 2007

£ Design Library name: S0CCHOS TSHC1A

£/ Design cell nane: test inverterchain

{1 Design view nane: schenabic

simlator lang=spectre

global

include * fusr/eds2006/IC 5. 141/ /bools/dE T fsanples artrst/shdllih fpuantity. spectre’
paranzters Puos¥=lu Pnosk=180n Mnos=500n Mnoal=180n R=50 £-20f

inclode * fusr/eds2006/TSHC_018cf Models/incl. ses”

{f Library nane: S0GCHOS TSHG1R

{7 Bell name: e line

[/ View nang: schenatic

subekt co_Ling AGND TN OUT
R6 (netlf OUT) resistor r=R
R (netl® netlf) resiator r=R
R (TH net18) resastor r=R
C6 (OUT ABND) capacifor c=t
02 (netlf ABND) capacifor o=t
Bl (netld AGND) capacibor o=t

ends re_line

Jf Ind of subelrcuit definition.

{f Library nane: SOCOMDS TSHG1E
{1 Bell name: inv 1
[/ View nane: schenatic
subkt inv_1 AGND DGND DVODLG in out
il (uut in IVODL8 DVOD8) peh l=Puosl wePnos¥ nel

ad= (BosW* {4, Be-07+ {(1-1)#5. de-07) 200+ (2nk{ (1+1) /2)-1nb(1/2) )+ (1/2) #5 4e-07* (it (1+2) /1) -int {(141) /2)

as= (Fnoslt{ (4. Be-0Te ( (1-1)#5. de-07) 2e0# (2nt{ (1+1) /2)~int(1/2) )+ (4. Be-0Ted Be-0T+ (1t (1/2)-1) 45 de-0T+04

pd= ({4, Be-07+ {[1-1)#5. 4a-07) /240 #{ink{ (1+1) /2) -1t (1/2) )+ (1/2)#5 de-07% (it (142) /2) -Ane {(1+1) 2)) ) 2L
ps=(((4.He-UH(1-1)*5.43-0?)/2+D) (Inb( (1+1) /2)-1nt (1/2) )+ (4. Be-07+d. Be-07+ (1t (1/2)-1) #5. de-07+0+0) * (in
ned=(5 de-0T+2. Te-0TH(1#2-20) /1 (Buosli+d)

M0 (out 1n DGND AGND) nch 1=NnosL w=dmosW n=
ad=

1+
}
nra=(5 de-0T+2. Te-0T# (1#0-)) /1/ (BuoaWied)
14
Tnoslt { (4. Be-07+( (1-1)#5. de-07) /2+0) *
ag= (Wnoslr* { (4. Be-07+((1-1)#5. 4e-07) /2+0) *
({4, 8e-07+((1-1)#5. 4e-0T) /2+0) * {1nk(
a= ({4, Be-07+((1-1)#5. 42-07) f2+0) # {1nk(
nrd (5. de-07+2 Te-0T*(1#2-2)) /1/ (Fuaaw=2
nrs=(5. de-0T+2. Te-0T* (1#2-2)) /1 (MnoaW#d
ends inv 1
S End of subcircuit definition.

(1

(1
pd 1+
1+

nt
nt
1}
1)

(14
1+
a
)

J/ Library nane: S0GCMDS TSMG1R

{1 Bell name: test inverterchain

{f View name: schenatic

12 (RGKD e in re out) re line

V1 (Vin AGHD) vsouzce cype=pulse vall=. 0 vall=1.8 period=4ln delay=l \
rige=lp fall=lp width=0n

IVIDLE ARND) waource do=1.B type=de

AGHD 0 vsouzce de=l) type=de

W
W
V3 (DBHD AGND) wanmree de=0 bype=d:
D(
1

I
2
3
0 (Voub AGND) capacitor c=200f

AGHD DGND IVIDL re ook Vout) inv 1

T10 (AGND DGND DVODLE Yan re in) inv 1

simlatorOptions options reltol=le-3 vabstol=le-6 1abstol=le-12 temp=27 %
tnon=27 scalen=1.0 seale=1. 0 minele-12 rforce=] naxnotes5 nammns=5
digits= cols=B0 pivrel=le-1 ckptelock=1800 Y

sensfile=". . fpsffsens. output! checklinitdest=psf

(004 1-0) 210 i
t((1+2)/2) snt((1+1)/2))
4 (int | (141 /2) it (1/2))
o) /1) -ns (1) /2 0

((L41) /2)-Ent(1/2) )+ (1/2) 45, de-0T+ (int{ (142) /2)-imt (141} 2)
((L41)/2)-4nt(L2) )+ (4. Fe-07ed. Bo-07+ (int (1/2)-1)#5. do-0T40+
2)-inb{1/2) )+ (1/2)45. de-07* int ( (142) /2) -inb (L1 /2))) 404
F2)-int{172) b+ (4 Be-T7ed. Be-Te int (1/2)-1) 5. e-07+040) (in

({0408 (1-1) /2¢1-0) ¢ (it 1.
(int (140 /2)-nt (14102
#1)# 0k (141 /2)-int (1)
140) /20t ((1+1) /2))) 400 {1+

V=R

1
)
1+

+1)/2)-1nt (1/2) ) + (0 0¥ 20t (1/2)) 4
({004 (1-1) /2 1-00) # (int [ {1+1)
(L40)* it ((142) /2)-int {141 )
La1)# (ank( (141} /2) -int (1/2) )+ (14

+1)/2) -1t (1/2)) # {040+t (1/2) )
$[(040# (11 /2+1-0)) # (it [ {141
(LoD # (2t (1+2) /2)-1nk{ (141} /2)
Le1)# (1ot (141) /2) -int (1/2)) # (14
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For the S|mulat|on we created a state in analog@mwment
i i - B

Status: Ready T=27 C Simulator: spectre 52
Session Setup Analyses Variables Outputs Simulation Results Tools Help

1

Design Analyses

Library SOCCMOS_TSMC18

Cell test_inwertercha:

Yiews schematic

Design Variables Outputs [E

#  Name Walue #  Name/Signal/Expr Value Plot Sawe March

1 PmosW 1n RCin Trise

2  PmosL 180n Rtout Trise EEE. 1p

3 HmosW 500 out Trise 1.743n

4  HNmosL 180n wes allw no
E R &0 5 rc_in ves allw no
B

C 20f
Flotting mode: Replace
];Hesults in ...fif30C_v1/simulationftest_inverterchainfspectref/schematic

s i L 7L
PRI Ak T
% LS r—i- =

In design variables are all the parameters of stors and RC
network parameters. We defined transient for 150ns

We also build a function to calculate manually tisee at 3
points. For example calculation of rise time at ®&ye in:

Window Tools Memories Const Options Help
fusers, netapp/ staff/SoC_v1/simulation/test_inverterchain/spectre,/schematic; psf

Selection choices

vl dip graph selection tran [ ac [ dc | swept_dc | info | moise | o7 |
off ® family O wave D vt it

|(|:russ(\-’T(',frl:_in") 1.62 1 "rising™) - crossTC r_in™ 0,18 1 "rising"))l

[Append  ~| ‘ /% blf dBm

‘ Append = e Loy bandwidth delay

| Clear || Undo || Eval | Rn clip deriv
ahs Compressian it

| 1/x || BEX || Clst || Enter| acos compressionyEl dftbh

| n ” 7 ” 8 ” 9 | acosh comwalve ewnidpsk
asin Cos exp

| _ || 4 || 5 || 6 | |asinh cosh eveDiagrarm
atan cross flip

Iox |2 | 2 || 3 | faam dB10 fourEwval

| / ” 0 || . ” +f‘| average oB20 freq
4]
Filter Al

And we defined the expression as RCin_Trise (ldgkr@vious
illustration).
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The delay time however we measured manually frarstgnals
at waveform:

OCCMOS,_TSMC18
File Edit Graph Axis

Sr#El FEBL

e [A][~] mingmax [0.0 2.0

Transien t Response Al

oE
& O m! [ ] ‘E Terminal |ﬁxubvarv Manager: Dwrec[o\lLTVm:uoso@ Analog DESIQ?" Thu Mar 22
‘ @ e @ “_chb - Log /usersfnetanw||_]vmuoso® Schematic EdlUSQCCMOS,TSMClB(eE‘ 9:58 PM

For example for RC stage out rise:

fro_out SWout
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The measurement from time rc_out reached 50% (QuSti)
Vout will go down to 50% of it's value.

MO(726ps, 0.0V)

5.0 575 0.0 E2.5

Just to prove that the expression which are cdioglaise time
(from 10% -0.18v to 90%- 1.62v), we did one measuet

manually.
2.'::' l'II Y

1.75
1.5

1.25

MOC1.748ns, 1. 44 W)

As you can the value matches at 99.5% the valwaiofTrise in
analog environment (5 illustrations back).
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So the measurements of paragraph 1 are as following

1¥ inverter size 2%inverter size RC RC stage RC RC stage out- out-rise
stage in-rise stage out-rise delay
in-delay out-
delay
w_nmos=0.5um | w_nmos=0.5um | 264ps | 565.2ps | 6.4ps | 566.1ps | 726ps | 1.743ns
W_pmos=1lum W_pmos=1lum

For Paragraph 2 all we had to do is to multiply rc_line 10
times. The following test was built:

| i—if—

Tt i

[ i—]

1id

[—Hir i —ir—

RRAREN

e it
R

ME— | it ei—]

piLdTY

p1d

| 4—

[+t atfir—]

Pt

[ —sit—

111

(A ——]

Pid

Status: Ready T=27 C Simulator: spectre 80
Session Setup Analyses Varables Outputs Simulation Results Tools Help
Design Analyses ‘-%
# B s, Enabl
Library SOCCHOS TSMC18 Type PETEE TS| e
40C
Cell test longinwerte: 1 tran L 150n  cons.. ¥e3
L9 3
View  =chematic I T l
Design Variables Outputs [Ej
#  Hame Walue #  Name/Signal /Expr Walue Plot Sawe March j}/
1 PnosW 1u RCin Trise
2  PnosL 180 RCout Trise 5. B3n
3 Hmosw 500n out Trise 2.351n E
4  MmosL 12800 I ves allw no
E R &0 5 rc_in ves allv no
B C 20f
Flotting mode: Replace l
tﬂesults in ...0C_vwl1/simulationftest_longinverterchainfspectrefschematic J
The following results were achieved:
1% inverter size 2inverter size RC RC stage RC RC stage out- out-rise
stage in-rise stage out-rise delay
in-delay out-
delay
w_nmos=0.5um | w_nmos=0.5um | 2.17ns | 5.568ns | 481ps | 5.63ns | 1.3ns | 2.351ns
W_pmos=1lum W_pmos=1lum
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Paragraph 3:

In order to decrease the delay and rise time framagraph 2
we build inv_2 ,inv_4 ,inv_8 besides inv_1. Theg#mof all
inverters is minimal and defined by technology. pleced the
inverters equally between the rc chains from sratt® biggest.

1% inverter size | 2% inverter size Finverter size | 4"%inverter size

w_nmos=0.5um | w_nmos=1um W_Nnmos=2um W_Nnmos=4um

w_pmos=1lum | w_pmos=2um W_pmos=4um W_pmos=8um

| | | | | | | | | |
- ﬂc Tt ey (=gt ﬂ it At =gt = ti—i—] ﬂ e e e e = HE g

1Ll 241 Ll 1Ll P LLL P 4 P 4 111 1Ll
TT11 TTT TI 1T TT1 TT 1 TT 1 111 111 TT1 TT 1 |
I [ [ T it [ [ [ P P

_4

|
i
J

-9-—

We created cells inv_2, inv_4, inv_8 the same waya 1 the
only difference was the definition of width.

pmost? a

D\/DD18 “beh

|= PmosL
out fingers: 1
el

e  —0

NIMos 2y

out
E% T
DGMD

NmosL
ﬂngers 1

¢



M W

“ls (o3 12 D2 111D
I basss@bgu.ac.il

Exactly the same analog environment was used $tintg
Notice that we didn’'t have to add design varialpbegdefine the

width of other inverters.

Session Setup Analyses Varables Outputs Simulation Results Tools

Status: Ready T=27 C Simulator: spectre 100

Help
Design fnalyses ‘-%
Library SOCCMOS TSME1S Type ATQUIBAES. . itelyLe =y
cell test longchainim 1 tran 0 1501 COLS. . yes :DC.
View  schematic 'Ix' % I
Design Variables Outputs I:E::

#  Hame Value #  Heame/Signal/Expr Value Plot Sawe March

1 Fmosy 1n 1 RCin Trise

2  PmosL 180n 2  RCout Trisze B39, Bp

3 Hmosy 500n 3 out_Trise

4  HmosL 180n 4 L yes allw no
5 R 50 5  rc_in wes allv no
& C 20f

Plotting mode: Replace
Eﬂesults in ...30C_vl1/fsimulationftest_longchainimprovefspectre/schematic

The following results were achieved:

RC stage | RCstage| RCstage | RC stage | out- out-rise
in-delay in-rise out-delay out-rise | delay

735ps 1..663ns 1.25ns 639.6ps | 173ps 293.4ps

As you see the results were improved compare tagoaph 2.



