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Cadence Parameters

The widths for PMOS and NMOS are listed below.
pwidth=0.7200 2.64 1.5 54 144 534
nwidth= 0.3600 1.32 222 27 216 264

Final Parameters after Resizing for 3 (or 2) Multipliers.

pmos
0.72 264 1.5 5.4 1.44 540
nmos

036 132 222 276 216 2.70

Cadence Layout

The goal of this part is to built a decoder with the logic of not-not-nand-not-nand-not. The
first 3-input-nand gate has a branch factor of 4, and the second 3-input-nand gate has a
branch factor of 8.

UirtunsnliEZl Schematic Editing: sram predecoder_thin schema - |EI|1|
Crned: 3el: 0 63
Tools Design Window Edit Add Check Sheet Options HCSU Help

mouse L: schSingleSelectPti) M. schHiMousePopUpi) E: zchEoomFit(l. 0 0. 9%

>
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Inverter 1 — First Inverter
(Minimum Sized, pmos/nmos=0.72/0.36

[ Log: /home/aa/ugrad/billhung/CDS.log 5 [
File Tools Options Help
4 [SCMOS SUBM Rule 2.3} source/drain actiwve to well edge: 0072 um
4 Total errors found
*YABMING* glmDrawLine: number of points inwalid,
£ (SCMOS SUBM Rule 2 3) source/drain active to well edge: 0 72 umf
mouse L: showllickInfo() M: leHiMousePopUpi) R: leHiMowe ()
=
Tools Design Window Create Edit Verify Conneclivity Options Route HCSU Help

EL mouse L: Enter Point M: Pop-up Menu E: Rotate 50
Select the figure o be moved:

6 lambda between nmos-contacts and pmos-nwell.

=10l x|

X 4.38 ¥: 1.08 (F) Select: 0 dx: 5.52 d¥: -294 g
Tools Desigh Window Create Edit Verify Connectivity Options Route HCSU

_[L mouse Lo Enter Point M: Pop-up Merm R: Toggle L90 X/7
Use the options form to enter a valid terminal name:

Testing LVS with minimum sized inverter.
DRC -> Total errors found: 0
Extract -> Total errors found: 0
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¢ Analysis Job Succeeded

? Job - /homefaaugrad,billhungfeeldl /LWS* that was started at ‘Mar 26 13:10:54 2006° has succeeded

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count
4 nets
4 terminals
1 pmos
1 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
4 nets
4 terminals
1 pmos
1 nmos

The net-lists match.
LVS->Pass [GREAT

University of California, Berkeley 5 © 2006
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Minimize the size of Inverter 1

!I\I'irtuusnliﬁ:l Layout Editing: sram inverter layout - |EI|5|
X 3.76 ¥: 1.98 (F) Select: 0 dx: 414 dy: -2.10 Dist: g
Tools Design Window Create Edit Verify Connectivity Options Route HNCSU Help

‘/'\I mouse L: showClickInfao()
fa |

»

M: leHiMousePopUp ()

F:hiZoomRelativeScale (h

metal 1=3 lambda, nmos-contact to pmos-nwell=6 lambda. The ntaps and ptaps are
currently placed on the left and right sides. The inverter 4 (the biggest one) and 3-input
nand 2 (the last nand) will determine the locations of the ntap and ptap.

I ]
(F) S¢ 32
Tools Design Window Create Edit

!Ib‘irtuoso[ﬁ] Layout Editi
¥: -0.36 ¥: 0.30

&

_I'"\ nmouse L:showCl M:leHiMo R:hiZoom

®

Inverter 1 final layout

University of California, Berkeley 6

© 2006



EECS 141: Spring 2006 Bill Hung and Dennis Wang

Inverter 4 and 3-input-NAND
— Last Inverter (pmos/nmos=5.34/2.64) and Last NAND (pmos/nmos=1.44/2.16)

ll\l'irtuusuliﬁil Layout Editing: sram inverkte 10| =l
X -2.46 ¥: -3.24 (F) Select: 0 dx: 0.84 g

Tools Design Window Create Edit Verify Connectivity Options

Host: LOCALPC

_[L Locale: C
= mouse L: Enter Point M: Pop-up MgEncoding: 3088531
Point at the first point of the path: Connection Time: 650 sec.

™
Nmos and pmos 6 lambda apart.
HVirtuosn[E] Layout Editing: sram nand33 layout =] |
X 1.38 ¥: 4.26 (F) Select: 0 dx: 0.78 dy: -1.26 Dist: 1.4582 Cmd: 29
Tools Design Window Create Edit Venfy Connectivity Options Route HCSU Help

mouse L: showClickInfol) M. leHiMousePopUp () R: leHiCopy ()
o

Last 3-input-NAND Gate

University of California, Berkeley 7 © 2006
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M: leHiMousePopUp() R: leHiEditProp ()

2-input NAND Gate

University of California, Berkeley 8 © 2006



EECS 141: Spring 2006 Bill Hung and Dennis Wang

Inverter 2

(pmos/nmos=2.64/1.32)
Hl'h'irtuusuliil Layout Editing: sram inverter2 - |EI|5|
X: -0.66 ¥: 1.56 (F) Select: 0 dx: -1.38 33

Tools Design Window Create Edit Verify Connectivity Options

godsn

Metal2 spacing 4 lambda.

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
4 nets
4 terminals
1 pmos
1 nmos

University of California, Berkeley 9 © 2006
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Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
4 nets
4 terminals
1 pmos
1 nmos

The net-lists match.

H?irtuusu[ﬁ] Layout Editing: o ]
X: 0.48 Y: -0.90 {F) Select: | 35

Tools Design Window Create Edit Venfy

mouse L:showCli M:leHiMou R:hifoomd
[abed] |,

Inverter 2 final layout. The cell was flipped to share the vdd and gnd.

University of California, Berkeley 10 © 2006
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Inverterl + Inverter 2

l‘virtuusoiﬂ Layout Editing: sram predecoder layout | | ﬂ
X:-2.40 ¥ -1.32 (F) Select: 0 dX: 9.96 d¥: -5.10 44

Tools Design Window Create Edit Verify Connectivity Options Route HCSU  Help

/ mouse L: showllickInfo () M: leHiMousePopUp () E:geScrollinil "e"

DRC, Extract, LVS pass

n'lll'irl:uusu[E] Schematic Editing: sram predecode i | ﬂ
Cmd: Wire NHame Sel: 0 a0
Tools Design Window Edit Add Check Sheet Options HCSU Help

s K

F
/Lm

0]
M

mouse L mougedddBt() M:schHiMousePopUp () R: Rotate 90

University of California, Berkeley 11
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Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

LVS Results
count
4 nets
4 terminals
1 pmos
1 nmos
count
4 nets
4 terminals
1 pmos
1 nmos

The net-lists match.

Inverter 3
(pmos/nmos=5.4/2.7)

ll\l'irtuusuliﬁil Layout Editing:
X -2.00 ¥Y: -3.76

(F) Select:
Tools Design Vindow Create Edit Verify

H H mouse L:showCli M:leHiMow R hiEoomd
1

»

=0l x|

46

DRC, Extract, LVS Pass

University of California, Berkeley
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
4 nets
4 terminals
1 pmos
1 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count

4 nets

4 terminals

1 pmos

1 nmos
The net-lists match.
Predecoder NAND
(pmos/nmos=1.5/2.22)

H\firtuosu[ﬁ] Layout Editing: sram - |EI|§|
X -3.18 ¥ -1.32 (F) Select: 0 52

Tools Design Window Create Edit Venfy

gﬁv mouse L:Enter Pol M:Pop-up Me E:
r

Select the figure to be sireiched: 3-input NAND

University of California, Berkeley 13 © 2006



EECS 141: Spring 2006

Bill Hung and Dennis Wang

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count
10
6
5
5

nets
terminals
pmos
nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
10
6
5
5

Terminal correspondence points

1

NN kW

The net-lists match.

gnd

vdd

vinl
vin4
y

z

nets
terminals
pmos
nmos

University of California, Berkeley
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Inverter 4

(pmos/nmos=5.34/2.64)

B2 virtuoso® Layout Editing: sram inves =10l x|
X -9.60 ¥:-13.44 (P) Select: 0 d gg

Tools Design Window Create Edit Verify Connectivity

EL mouse L: Enter Point M: Pop-up Menu R:
-, | Select the figure to be stretched:

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

LVS Results
count
4 nets
4 terminals
1 pmos
1 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
4 nets
4 terminals
1 pmos
1 nmos

The net-lists match.

University of California, Berkeley
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Inverterl + Inverter 2 + Predecoder NAND

\I'irtuusnl:E:l Schematic Editing: sram predecoder schem: - |0 ﬂ
Coned: Sel: 0 76

Tools Design Window Edit Add Check Sheet Options NMCSU Help

@2
ey
=
AL
mouse L: schSingleSelectPt() M: schHiMousePopUp () R: zschfoomFit{l. 0 0.9}
7 |»
B ] 4
X: -4.08 ¥: 7.66 (F) Select: 0 75

Tools Design Window Create Edit Venfy

mouse L:showClic M:leHiMous E:hiZoomahb

fabed] | > Final Layout
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count
10
6
5
5

nets
terminals
pmos
nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
10
6
5
5

Terminal correspondence points

1

NN kW

The net-lists match.

gnd

vdd

vinl
vin4
y

z

nets
terminals
pmos
nmos

University of California, Berkeley
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Thinner 3-input NAND

—— JRI=TEY
dXx: 0.00 dy: 0.60 Dist: 0.600 Cmd: 102
onnectivity Options Route HCSU Help

M: leHiMousePoplp () R: geScroll(nil "s" nil)

Trying very hard to make a thinner NAND Gate

&l virtuoso® Layout Editing: sram nand_test layout I [=] 5|
%: -0.66 v: -1.98 (F) Select: 0 dx: 0.60 dv: -3.84 Dist: g2

Tools Design Window Create Edit Verify Connectivity Options Route NCSU Help

mouse L: showtlickInfo() - LeHilousePopUp () R geScrollinil "n”

=

Getting with some wiring troubles

University of California, Berkeley 18 © 2006
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t Editing: sram nand_test layout - |EI|£|

¥: -0.36 (F) Select: 0 dx: 1.26 dv: -3.24 Dist: g7
indow Create Edit Verify Connectivity Options Route NCSU Help

e o o i
S,

0 -4ankas

The M1_M2 contact placed here has no DRC error, but the M2 from the output contact
needs to go down, and the contact from the poly wants to go down. So this won’t work.

Final Thinner 3-input NAND Gate

Before-> Horizontal=3.30um, vertical=6.78um
Now-> Horizontal=3.12 um , vertical=11.46umz

Fat NAND versus Thin NAND
176.94um”2 versus 87.984um”2
Thin NAND won

Calculation
Fat

6*(3.36-2.88)*1.92*32 = 176.94
Thin

2.88*6*(11.48-6.78) = 87.984

University of California, Berkeley 19 © 2006
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Inverterl + Inverter 2 + Thin Predecoder NAND

H?irtuusu[ﬁ] Layout Editing: sram p -0 ﬂ
X 12.84 ¥: -19.14 (F) Select: 0 76

Tools Design Window Create Edit Verify Connectivity

mouze L:showClickIn M:leHiMousePo R:hiZoomibsol

»

University of California, Berkeley 20
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
8 nets
6 terminals
3 pmos
3 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
8 nets
6 terminals
3 pmos
3 nmos

Terminal correspondence points

1 A

2 ABC
3 B

4 C

5 gnd
6 vdd

The net-lists match.

Schematic

Hirtuosol:E:l schematic Editing: sram predecoder schematic - |EI|1|
omd: Sel: 0 80

Tools Design Window Edit Add Check Sheet Options HCSU Help

{’\\ ........................................... Host: LOCALPC
& um Locale: C

mouse Lo schSingleSelectPL() M: schHiMousePopUp () E: schfoomFit(|Encoding: 1508853-1
Connection Time: & sec.

b EE | =

University of California, Berkeley 21 © 2006
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Final Predecoder
u'ﬁl‘tUDSD[E] Layout Editing: sram pred -0 ﬂ
¥ -15.00 Y. -2.22 (F) Select: 0 dx: -5, 3q

Tools Design Window Create Edit Verify Connectivity Options

mouse L:showtlickInfo M:leHiMousePoplU K leHiEditDispl

=

University of California, Berkeley 22 © 2006
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
11 nets
6 terminals
6 pmos
6 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
11 nets
6 terminals
6 pmos
6 nmos

Terminal correspondence points

1 gnd
2 vdd
3 vinl
4 vin5
5y
6 z

The net-lists match.

Schematic
UirtunsnliEZl Schematic Editing: sram predecoder_thin schema
Cid: Sel: 0

Tools Design Window Edit Add Check Sheet Options HCSU

WEKDE

mouse L: schSingleSelectPti) M. schHiMousePopUpi)

>

-|al x|
63
Help

E: zchEZoomFit{l. 0 0. 93

University of California, Berkeley 23
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Predecoder+Postdecoder +SRAM

RPN RRPE R
SUNRRRRRE

PR

'\\

BAAAAE B
R

The metal 1 (blue) wires are gnd and vdd. These wires will be re-wired for final layout.

Schematic

i 4
and 4

R
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
21 nets
0 terminals
12 pmos
14 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
21 nets
9 terminals
12 pmos
14 nmos

4 net-list ambiguities were resolved by random selection.

The net-lists match.

. .
Rewiring SRAM Cell
IIVirtuusul.El Layout Editing: sram sram_cell2 layout gl x|
X -9.78 ¥: 2.58 (F) Select: 0 oX: -1.92 dy: -3.90 Dist: 4.347 Cmdl: 32
Tools Design Window Create Edit Verify Conneclivity Options Route MCSU Help

/ mouge L: showClickInfof) M: leHiMousePopUp () E: hiSaveAsViewfile ()

Rewired the SRAM cell changing metal 2 to metal 3, metal 3 to metal 2.
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Schematic

blbar

LVS Results

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count

7

5
2
4

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count

7

5
2
4

nets
terminals
pmos
nmos

nets
terminals
pmos
nmos

Terminal correspondence points

1

[V N ENUS B O]

bl
blbar
gnd
vdd
wl

The net-lists match.
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LVS Results (For Decoder with Re-wired SRAM Cell)
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count
21 nets
0 terminals
12 pmos
14 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
21 nets
9 terminals
12 pmos
14 nmos

4 net-list ambiguities were resolved by random selection.

The net-lists match.

Predecoder+Postdecoder+Array of Re-wired SRAM Cells

HUirtuusonﬁE} Layout Editing: sram decoder layout_sram2 = |EI|5|
X -37.66 ¥: -31.08 (F) Select: 0 i (i | H Dist: 3

Tools Design Window Create Edit Verify Connectivity Options Route HNCSU Help

(i
s ; - - Locale: C
mouse L: showClickInfo () M: leHiMousePoplp () F:hiZoo|Encading 15088591
D = Connection Time: 473 sec.
- 10| x|
Cmd: Sel: 0 5
Tools Design Window Edit Add Check Sheet Options MCSU Help

.. 2 B
(t’\ mouse L: schSingleSelectPt() M: schHiMousePopUp () R: schEoomFit(l. 0 [Encading 15082531

. Connection Time: 43 sec.

-

Schematic with 32 sram cells
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
145 nets
0 terminals
74 pmos
138 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
145 nets
7 terminals
74 pmos
138 nmos

35 net-list ambiguities were resolved by random selection.
The net-lists match.
One Wordline HSPICE Extraction

one_wordline final extraction.sp
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Minimizing Inverter 4

Changed multiplier of 1 to multiplier of 3. Width changed from 5.34um to 1.78um. Then
auto-changed to 1.8um to fit the grid. Likewise for nmos.

Host: LOCALPC

- Locale: C
mouse L: Enter Polnt M: Pop-up HMeru Encoding; 15088591
Point at the next point of the path: Eonnection Time: 885 sec.
'Uirtunsn[E] Schematic Editing: sram i =13 x|
Cinel: Sel: 0 q

Tools Design Window Edit Add Check Sheet Options MCSU

& [

P
/LN

™
“ha

mouse L:schSingleSele M schHiMousePop R:schZoomFit(l.

E | =

pmos
5.34/3=1.78 -> 1.8um
nmos

2.64/3 =0.88 -> 0.9um
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
4 nets
4 terminals
3 pmos
3 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
4 nets
4 terminals
1 pmos
1 nmos

Terminal correspondence points

1 gnd
2 vdd
3 vin
4 vout

The net-lists match.
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Minimizing Postdecoder NAND
Gate

wanted to make the poly goes through the nmos
instead of the pmos

But the poly are too close to the actives. So this
doesn’t work. (left, up)

Then I tried to put the contacts between pmos
and nmos, but that makes the nand gate much
longer. So this also doesn’t work (left, down)

At the end, the original nand gate design was
used. (right)
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Minimzing the Whole Postdecoder
LVS Results

audit.out:
1/10/P0
? Combined device: Transistor width mismatch: layout 5.40 um, schematic 5.34 um

1/10/NO
? Combined device: Transistor width mismatch: layout 2.70 um, schematic 2.64 um

Because using 3 multipliers, there are round-offs of half a lambda. I solved this problem
by changing the schematics of inverter 4.

Inverter 4 schematic changes
Pmos 5.34->5.40
Nmos 2.64->2.70

n\firtuusniﬁ} Schematic Editing: sram pos
Cmd: Sel: 0 30

Tools Desigh Window Edit Add Check Sheet Options HCSU

---------------------- Host: LOCALPC
Loczale: C

Encoding: 15088591
Connection Time: & zec.

)\;/. mouse L:schSingleSele M:schHiMousePop

>
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LVS Results Match
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
9 nets
6 terminals
6 pmos
6 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
9 nets
6 terminals
4 pmos
4 nmos

Terminal correspondence points

1 A
2 B
3 C
4 gnd
5 out
6 vdd

The net-lists match.

Minimzing the Inverter 3

Pmos 5.4-/2=2.7um ->2.7um
Nmos 2.7/2=1.35 -> 1.38um

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
4 nets
4 terminals
2 pmos
2 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
4 nets
4 terminals
1 pmos
1 nmos
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Terminal correspondence points

1 gnd
2 vdd
3 vin
4 vout

The net-lists match logically but have mismatched parameters.
1/NO
? Combined device: Transistor width mismatch: layout 2.76 um, schematic 2.70 um

Changing the schematic to solve this half a lambda problem.

Nmos 2.7->2.76um
EE

dX: 2.70 d¥: 6.00 Dist: 6.580

livity Options Route HC3U

'U'irl:uosol:E] Schematic Editing: sram inverk: N [mf
Cmd: Sel: 0 40

Tools Desigh Window Edit Add Check Sheet Options MCSU Help

¢ &

)
y A

n
Tre

M: leHilMousePopUp () F g b |Mouse L:schSingleSelec M:schHiMousePopU R:schioonFit(l.0
LVS Results Match
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
4 nets
4 terminals
2 pmos
2 nmos
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Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
4 nets
4 terminals
1 pmos
1 nmos

Terminal correspondence points

1 gnd
2 vdd
3 vin
4 vout

The net-lists match.

Minimzing the Inverter 2

Pmos 2.64/2=1.32um ->1.32um
Nmos 1.32/2=0.66 -> 0.66um

[l virtuoso® Layout Editing: sram inverter2 la -3l x|
X012 Y. 2.70 (F) Select: 0 dX: -2.88 d¥ g9
B virtuoso® Schematic Editing: sram inve: Y ] |
Tools Design Window Creale Edit Verify Connectivity Options Route omd: Sel: 0 3
Tools Design Window Edit Add Check Sheet Options HNC3U
&
@ 2
J\‘
&2
..‘\’
“
W
M
.
q mouse L: Enter Point M: Pop-up Menu R: Rotate 90 “FEF | wouse L:schSingleSsles M:schHilfousePapll R:schZoowFit (1.0
.| Select the figure to be copied: el

Schematic values were not changed.
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
4 nets
4 terminals
2 pmos
2 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
4 nets
4 terminals
1 pmos
1 nmos

Terminal correspondence points

1 gnd
2 vdd
3 vin
4 vout

The net-lists match.

Minimizing the Whole Predecoder

 -10.26 (P) Select: 0

dow Create Edit Verify Cor

Virtunsn\i‘l Schematic Editing: sram predecoder_thin schemal (O] x|
Cmd: Sel: 0 55

Tools Design Window Edit Add Check Sheet Options HCSU Help

¢

)
N

)

D

)

%

Host: LOCAL

Locale: C S
er Point M:Pop-uy Encoding: 15 L

Connection T 5.
jure to be stretched————— 1 |

mouse L: schSingleSelectPt() M: schHiMousePopUp () R: schfZoomFit(l.0 0. 9}
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
11 nets
6 terminals
8 pmos
8 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
11 nets
6 terminals
6 pmos
6 nmos

Terminal correspondence points

1 gnd
2 vdd
3 vinl
4 vin5
5y
6 z

The net-lists match.

Minimizing Predecoder+Postdecoder+SRAM Array

H‘iirtuusu[ﬁ] Layout Editing: sram decoder layout_final - |EI|5|
= 94.62 Y. -123.42 (P} Select: 0 dx: 208.08 d¥: -119.76 D 57
Tools Design Window Create Edit Verify Connectivity Options Route HCSU Help

mouse L: Enter Poink M: Pop-up Merm R:
= | Select the figure to be stretched:
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g '.'."I'.'_|—'-FFFFFFFFFFFFFFFFFFFFFFFFFFFF'F
s
LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
145 nets
0 terminals
78 pmos
142 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
145 nets
7 terminals
74 pmos
138 nmos

35 net-list ambiguities were resolved by random selection.
The net-lists match.

layout schematic

instances
un-matched 0 0
rewired 0 0
size errors 0 0
pruned 0 0
active 220 212
total 220 212

nets
un-matched 0 0
merged 0 0
pruned 0 0
active 145 145
total 145 145

terminals
un-matched 0 0
matched but
different type 0 0
total 0 7
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Array of SRAM Cells (4x32 SRAM Cells)

Schematics
n'd'irtuusnl:El Schematic Editing: sram sram_array schemati - |0 ﬂ
Cmd: Copy Sel: 0 66
Tools Design Window Edit Add Check Sheet Options HCSU Help

< K

P
/LN

0
“ha

" S

mouse L: mousedddPt() M: schHiMousePoplUp () R: Rotate 90
* | Point at object to copy

4 rows of 32 SRAM Cells Schematics.
Layout

Bl virtuosom Layout Editing: sra N [=] ]
X -146.04 ¥: 9.60 (F) Select: 0 65

Tools Design Window Create Edit Verify

mouse L:Enter Poi M:Pop-up Me R:Toggle LY

£ | Point at the first point of the niler: Metal 4 SpaCing, 4 lambda.
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(left) Connecting the gnd bl, vdd, blbar through horizontal metal 4 layers.
(right) LVS passed 4x32 SRAM cells.

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
264 nets
0 terminals
256 pmos
512 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
264 nets
4 terminals
256 pmos
512 nmos

134 net-list ambiguities were resolved by random selection.

The net-lists match.
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SRAM Array (32x32)

Schematic= sram/mem_array/schematic. Each symbol is an instantiation of
sram/sram_array/schematic

Iofx]
Cmd:

3
Yirtuoso® Schematic Editing: sram mem_array schematic ;IQIEI TDDIS Design
Cmd: 3el: 0 12
Jols Design Window Edit Add Check Sheet Oplions MCSU Help B/
7
¢ %
52
= 2
52 .
A GE{u
& .
;2
% N
N i
=
b jy/ mouse L: M: R:
"k mouse Lo schSingleSelectPt() M: schHiMousePopUp () F:hiZoomRelativeScale g -
Layout = sram/sram_array/layout row.
!I?irtuusu[ﬁ] Layout Editing: sram sram o ]
A -15.72 Y: -68.38 (F) Select: 0 d 19

Tools Design Window Create Edit Verify Connectivity

mouze L:showClickIn M:leHiMousePo E:hifoomfbsol

EilE

DRC pass. Extract pass.
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count
2146 nets
98 terminals
2048 pmos
4096 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
2146 nets
98 terminals
2048 pmos
4096 nmos

Terminal correspondence points

1 bl<0>
2 bl<10>
3 bl<11>
4 bl<12>
5 bl<13>
6 bl<14>
7 bl<15>
8 bl<16>
9 bl<17>
10 bl<18>
11 bl<19>
12 bl<1>
13 bl<20>
14 bl<21>
15 bl<22>
16 bl<23>
17 bl<24>
18 bl<25>
19 bl<26>
20 bl<27>
21 bl<28>
22 bl<29>
23 bl<2>
24 bl<30>
25 bl<31>
26 bl<3>
27 bl<4>
28 bl<5>
29 bl<6>
30 bl<7>
31 bl<8>
32 bl<9>

33 blbar<0>
34 blbar<10>
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35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

blbar<11>
blbar<12>
blbar<13>
blbar<14>
blbar<15>
blbar<16>
blbar<17>
blbar<18>
blbar<19>
blbar<1>
blbar<20>
blbar<21>
blbar<22>
blbar<23>
blbar<24>
blbar<25>
blbar<26>
blbar<27>
blbar<28>
blbar<29>
blbar<2>
blbar<30>
blbar<31>
blbar<3>
blbar<4>
blbar<5>
blbar<6>
blbar<7>
blbar<8>
blbar<9>
gnd

vdd
wl<0>
wi<10>
wi<l1>
wi<12>
wi<13>
wi<14>
wi<15>
wi<16>
wi<17>
wi<18>
wi<19>
wi<1>
wil<20>
wl<21>
wl<22>
wl<23>
wl<24>
wl<25>
wil<26>
wl<27>
wl<28>
wl<29>
wl<2>
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90 wl<30>
91 wi<31>
92 wil<3>
93 wl<4>
94 wil<5>
95 wil<6>
96 wil<7>
97 wl<8>
98 wil<9>

The net-lists match.
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Post Decoder Array (32 Instants)

L
-

b

o

O 00 & B

mouse L: mousedddPt) M: schHiMousePoplp ()
Use the options form to supply terminal names for the pins.

Schematic= sram/postdecoder/schematic_array. Instantiate sram/postdecoder/symbol.

E?irtuusu[ﬁ] Symbol Editing: sram i | ﬂ
Cimd: Sel: 0 32
Tools Design Window Edit Add Check Options Help

wnstdec_ orra i

mouse LomouseSingle M:schHiMouseP R:schZoomFit(
s 1
Symbol=Sram/postdecoder/symbol_array

University of California, Berkeley 45 © 2006



EECS 141: Spring 2006 Bill Hung and Dennis Wang

Layout=sram/postdecoder/layout_array

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
226 nets
0 terminals
192 pmos
192 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
226 nets
128 terminals
128 pmos
128 nmos

96 net-list ambiguities were resolved by random selection.

The net-lists match.
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LVS Window Screen from Labs

Commands Help | 14

Run Directory |L¥S Browse
Create Netlist W schematic W extracted .
Library |Inverter Inverter
Cell TInwl Invl;
View schematic I extracted

Browse | Sel by Cursor| Browse | Sel by Cursor
Rules File dival¥s. rul; Browse

Rules Library M | NCsU TechLib_tsmc03d

LVS Options M Rewiring Device Fixing
Create Cross Reference M Terminals
Correspondence File lvs_corr_file Create
Priority |0 Run ocal
Run Output Error Display Monitor Info
Backannotate | Parasitic Probe Build Analog Build Mixed

LVS from the lab
32x32 SRAM Cells + 32-Postdecoder Array

!I?irtuusu[ﬁ] Layout Editing: sram decsram layouk - |EI|E|
X: -137.82 Y. -17.82 {F) Select: 0 dx: dy: G

Tools Design Window Create Edit Verify Connectivity Options Route HCSU

' -"'"E-""giiiii

|:| N Host: LOCALPC
_ Locale: C
nouse L: showClickINEncoding (5088591

_[L = Connection Time: 2195 zec.

Layout = sram/dec_sram/layout
¢ Analysis Job Failed x|

pUp () R:geScrolli{nil "=s"

g Job * /homefaagrad,/billhong /14l /LVS that was started at ‘Mar 28 22:42:58 2006° has failed

oK Cancel Help

LVS mysteriously doesn’t even generate the report. Let’s go back to the postdecoder array
and do LVS on that first. (later) the postdecoder array works. But still got this error.
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Found the error... I thought

WARNING dbSave: Failed to save cellView (decsram extracted). Disc quota exceeded

The error was never found. After 2 hours of finding why LVS failed. | gave up and drew the cell

from scrach again. Then | passed LVS.

LVS Results

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count
2146
98
2048
4096

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
2146
98
2048
4096

nets
terminals
pmos
nmos

nets
terminals
pmos
nmos

Terminal correspondence points

1

O 00 1O L AW

bl<0>

bl<10>
bl<11>
bl<12>
bl<13>
bl<14>
bl<15>
bl<16>
bl<17>
bl<18>
bl<19>
bl<1>

bl<20>
bl<21>
bl<22>
bl<23>
bl<24>
bl<25>
bl<26>
bl<27>
bl<28>
bl<29>
bl<2>

bl<30>
bl<31>
bl<3>

bl<4>

bl<5>

bl<6>

bl<7>
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31
32
33
34
35
36
37
38
39
40
41
4
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
7
73
74
75
76
77
78
79
80
81
82
83
84
85

bl<8>
bl<9>
blbar<0>
blbar<10>
blbar<11>
blbar<12>
blbar<13>
blbar<14>
blbar<15>
blbar<16>
blbar<17>
blbar<18>
blbar<19>
blbar<1>
blbar<20>
blbar<21>
blbar<22>
blbar<23>
blbar<24>
blbar<25>
blbar<26>
blbar<27>
blbar<28>
blbar<29>
blbar<2>
blbar<30>
blbar<31>
blbar<3>
blbar<4>
blbar<5>
blbar<6>
blbar<7>
blbar<§>
blbar<9>
gnd

vdd
wl<0>
wi<10>
wi<l1>
wi<12>
wi<13>
wi<14>
wi<15>
wi<16>
wi<17>
wi<18>
wi<19>
wi<l>
wil<20>
wil<21>
wl<22>
wl<23>
wl<24>
wl<25>
wil<26>
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86
87
88
89
90
91
92
93
94
95
96
97
98

wl<27>
wl<28>
wl<29>
wl<2>
wil<30>
wi<31>
wl<3>
wl<4>
wil<5>
wl<6>
wi<7>
wi<8>
wl<9>

The net-lists match.
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H?irtuusu[ﬁ] Layout Editing: sram decsram layouk
X 17.22 ¥: -154.50 {F) Select: 0

Tools Design Window Create Edit Verify Connectivity Options Route HCSU

il Indann J|I|JJJ|H

T

(i

=10l x|

d¥: 15

mouze L: mousedddBti() M: leHiMousePopUp() R: cmdOpticn)
0 |-
Layout= sram/dec_sram/layout
Design  Win
Uirtuosm:E] Schematic Editing: sram dec_sram schematic = |E||l|
Cmd: 3el: 260 a5
Tools Design Window Edit Add Check Sheet Options MCSU Help

2 &

n
]

s LOCALPC

le: C

wding: 1508853~
wection Time: 79

SF
k

mouse L: mousedddPti)
Point to the schematic window

M: schHiMousePoplp ()

.......

E: schtmdOption()

Schematic=sram/sram_dec/schematic
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Predecoder Symbol

n'lr'irtuusuliﬁil Schematic Editing: sram predecode -0 ﬂ
Cmd: Sel: 0 3

Tools Design Window Edit Add Check Sheet Options NCSU Help

_;}/ mouse L:schSingleSelectPt M:schHiMousePopUp () R:schEoomFit(l. 0 0.

»

i

Schematic=sram/predecoder array/schematic

Hvirtunsolil Layout Editing: si —10) x|
#1218 Y: -23.22 (F) Select: 0 r

Tools Design Window Create Edit Verify
¢
&l
@
N

mouse L:showClick M:leHiMouse R:hiZoomihbs

RE

Layout=sram/predecoder/layout final
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
11 nets
6 terminals
8 pmos
8 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
11 nets
6 terminals
6 pmos
6 nmos

Terminal correspondence points

1 gnd
2 vdd
3 vinl
4 vin5
5y
6 z

The net-lists match.

Predecoder Final

_lolx|
X 534 ¥: -23.28 (F) S 42

Tools Design Window Create Edit

n Yirtuoso® Schematic Editing: sram prede: - | Ellll
Cmd: Sel: 13 14

Tools Design Window Edit Add Check Sheet Options NCSU  Help

& K

P
%

0
‘_I\J

)9/. mouse L:schSingleSelec M:schHiMousePopU R:schBoomPit(l. 0

=

mouse L:showCl M:1esHiMo R:hiZoom

Layout=sram/precoder_final/layout, schematic= sram/precoder_final/schematic
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
131 nets
0 terminals
64 pmos
128 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
131 nets
67 terminals
64 pmos
128 nmos

33 net-list ambiguities were resolved by random selection.

The net-lists match.

2 Predecoder

- predecoder:

Schematic=sram/predecoder array/schematic
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Layout=sram/predecoder_array/layout

LVS Results

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist

count
20
0
16
16

nets
terminals
pmos
nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
20
10
12
12

4 net-list ambiguities were resolved by random selection.

The net-lists match.

nets
terminals
pmos
nmos
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Predecoder Array (16 Instants)

H?irtuusu[ﬁ] Layout Editing: sram predecod - |EI|5|
*:-4.14 ¥: -30.96 (F) Select: 0 dx: 4464 47

Tools Design Window Create Edit Verify Connectivity Options

mouse L showllickInfof M:leHiMousePopUp R hiZoomRelative

»

A=

Layout=sram/predecoder_array_final/layout

/2188

0]
M

i

1111,
LLLL

=i

RURESFE

Schematic=sram/predecodearya/ schematic

University of California, Berkeley 56

© 2006



EECS 141: Spring 2006 Bill Hung and Dennis Wang

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
146 nets
0 terminals
128 pmos
128 nmos

Net-list summary for /home/aa/ugrad/billhung/eel141/LVS/schematic/netlist

count
146 nets
66 terminals
96 pmos
96 nmos

32 net-list ambiguities were resolved by random selection.

The net-lists match.

16-Predecoder + 32-Postdecoder + 32x32-SRAM

H?irtuusu[ﬁ] Symbol Editing: sram dec_sram - |EI|£|

Cmd: Move Sel: 0 30

Tools Design Window Edit Add check Options Help

7

mouse Lo mousedddPE()  M:schHiMousePopUp R: Rotate 90
£ | Point at object to move

Symbol = sram/dec_sram/symbol
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Symbol=sram/predecoder array final/symbol

n\\'irtuoso@ Schematic Editing: sram decoder_final sche o [ 4]
Cmd: Wire Hame Sel: 0 22

Tools Design Window Edit Add Check Sheet Options HCSU Help

A & &

D\ L

abe

mouse L: mousedkddBt() M: schHiMousePopUp () E: Rotate 20
Use the options form to supply the wire names.

=

Schematic=sram/decoder final/schematic
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H?irtuusu[ﬁ] Layout Editing: sram decoder_final I3 - |EI|5|
X 233.26 ¥: -91.56 {F) Select: 0 dx: 182.82 d 2q

Tools Design Window Create Edit Verify Connectivity Options Route

;[L mouse L: Enter Point M: Pop-up Meru E: Rotate 90
[] |Select the figure to be moved:

=10l x|

¥ 233.26 Y -91.56 (F) Select: 0 dx: 182.62 d' 2

Tools Design Window Create Edit Verify Connectivity Options Route

e o
———
5 e
===
———
==

=
= =
e
" oy
i v
v s e

== =

Host: LOCALPC

—[L - Locale: C
mouse L: Enter Point M: Pop-up Mernm Encoding: 15088591
[ |Select the figure to be moved: Connection Time: 1730 sec.

Layout=sram/decoder _final/layout
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LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
2482 nets
0 terminals
2368 pmos
4416 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
2482 nets
258 terminals
2272 pmos
4320 nmos

161 net-list ambiguities were resolved by random selection.

The net-lists match.

LVS (mysteriously) Failed

\{'L?S Form Contents Different |

Ok | Cancel Help

The selected LVS Run directory does not match the Run Form.

Use -~ Form Contents 4 Run Directory Contents

Extracted Library Name: sram

Extracted Cell WName: predecoder array final
Extracted Wiew Name: extracted

Schematic Libracy Mame: scam

Schematic Cell Wame: predecoder array final

Differences:

FI

“OK))

¢ Analysis Job Failed x|

g Job * /homefaa/ugrad,/billhung/eeldl /LVS" that was started at ‘Mar 29 18:11:39 2006° has failed

Our group has had this LVS-failed problem for hours. We have re-done the
procedure again and again, checked the lab procedures, but nothing could get
rid of the LVS-failed problem. We made sure the account has plenty of quota.
We are also sure we didn't delete any cadence files. We restarted Cadence,
restarted the SSH, and we tried to login to cory and quasar to solve this
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problem.

Suddenly all the cells that passed LVS before start giving us the

LVS -failed message: "Job 'home/aa/ugrad/billhung/ee141/LVS' that was
started at 'Mar 29 17:36:19 2006' has failed"

None of the cells succeeds LVS anymore.

The log window has the following warning messages.

"

Running simulation in directory: "/home/aa/ugrad/billhung/ee141/LVS".

Begin netlist: Mar 29 17:36:20 2006

view name list = ("auLvs" "extracted" "schematic")
stop name list = ("aulLvs")

library name = "sram"

cell name = "predecoder_array final"

view name = "extracted"

globals lib = "basic"

Running Artist Flat Netlisting ...

End netlist: Mar 29 17:36:20 2006

Moving original netlist to extNetlist
Removing parasitic components from netlist
presistors removed: 0

pcapacitors removed: 0

pinductors removed: 0

pdiodes removed: 0

trans lines removed: 0

146 nodes merged into 146 nodes

Begin netlist: Mar 29 17:36:20 2006

view name list = ("auLvs" "schematic")

stop name list = ("aulLvs")

library name = "sram"

cell name = "predecoder_array final"

view name = "schematic"

globals 1ib = "basic"

Running Artist Flat Netlisting ...

*WARNING* Couldn't get a write lock for
"/home/aa/ugrad/billhung/ee141/LVS/schematic/map/current"

Malformed Lock-Stake file.

*WARNING* XXopen: failed to lock file
/home/aa/ugrad/billhung/ee141/LVS/schematic/map/current in A MODE mode - is
currently not locked.

global error:

Unable to create /home/aa/ugrad/billhung/ee141/LVS/schematic/map/current
file

si: Netlist did not complete successfully.

*WARNING* failed to open map file
"/home/aa/ugrad/billhung/ee141/LVS/schematic/map/current"

End netlist: Mar 29 17:36:20 2006
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Comparison program did not complete.

n

What was the problem?

Just delete the whole LVS folder. Or find the file described in the warning, and delete the lock file.,

or files that has an old timestamp.

*{ Analysis Job Succeeded

% Job ¢ fhome faasugraddillhongfeel4l /WS that was started at "Mar 29 18:21:36 2006 has succesded

OK Cancel Help
Predecoder (8 Instants)
o] Virtuoso?Layout Editing: sram predecod... E@E
bt i ¥: -18.36 (F) Select: 1 11
Tools Design Window Create Edit Verify
&
(¥,
=
%
.......... .
[L mouse L:showGlickI M:leHiMouseP R:geScroll(n
Layout=sram/predecoder 8/layout
© 2006
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B Virtuoso?Schematic Editing: sram predecoder_B schematic
Cmd: Pin 3el: 0 12
Tools Design Window Edit Add Check Sheet Options HCSU Help

AP

DN LS

J (3
mouse L: mouseaddPt() M: schHiMousePopUp () R: Rotate 90
_|™ | use the options form to supply terminal names for the pins.

Schematic = sram/predecoder 8/schematic

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
74 nets
0 terminals
64 pmos
64 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
74 nets
34 terminals
48 pmos
48 nmos

16 net-list ambiguities were resolved by random selection.

The net-lists match.

Minimizing Distance between Predecoder and Postdecoder
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M. Pop-up Merma

- upper left=predecoder stage, lower right =postdecoderstage.

Minimizing distances.
rify Connectivity Options Route NCSU

Matching Pitches with te 2 predecoder stages. Lower left predecoder, upper right
postdecoder.

LVS Failed Error Again
Deleted all zero bytes files in
/home/aa/ugrad/billhung/eel41/sram/sram/decoder_final/schematic

*WARNING* Couldn't get a write lock for
"/home/aa/ugrad/billhung/ee141/LV Snew/layout/map/current"
Malformed Lock-Stake file.
*WARNING* XXopen: failed to lock file
/home/aa/ugrad/billhung/ee141/LV Snew/layout/map/current in A MODE mode - is
currently not locked.

global error:
Unable to create /home/aa/ugrad/billhung/ee141/LV Snew/layout/map/current file
si: Netlist did not complete successfully.
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*WARNING* failed to open map file
"/home/aa/ugrad/billhung/ee141/LV Snew/layout/map/current"
End netlist: Mar 31 00:59:43 2006

Comparison program did not complete.

Deleted all zero bytes files in
/home/aa/ugrad/billhung/ee141/LV Snew/layout/map/current

Cellview (decoder_final layout) from lib (sram) is saved in the panic file
(/home/aal/ugrad/billhung/ee141/sram/sram/decoder_final/layout/layout.cd-)
To recover do:
dbOpenPanicCellView("sram" "decoder_final" "layout")
All the saved panic files were logged in panic.log in your home directory

[11 Segmentation fault icfb

Solved the problem by not using the 32x32 SRAM array.

16-Postdecoder + 64-Predecoder

i Virtuoso?Layout Editing: sram decoder_fi... [ [[E][X]

X -192.12 ¥ -42.12 (F) Select: 1 3
Tools Design Window Create Edit Verify Connectivity

m (mouse L:showClickI M:leHiMouseP R:hiZoomabso

rpaig | ”

Layout=sram/decoder _final/layout
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n Virtuoso?Schematic Editing: sram, decoder_final schematic
omd: Sel: 0 13

Tools Design Window Edit Add Check Sheet Options HCSU Help

2 & K

0
Tre

ENEEE

~ mouse L:schSingleSelectPt M:schHiMousePopUp () R:schZoonFit(l.0 0.

>

Schematic=sram/decoder_final/schematic

LVS Results
Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/layout/netlist
count
594 nets
0 terminals
512 pmos
512 nmos

Net-list summary for /home/aa/ugrad/billhung/ee141/LVS/schematic/netlist

count
594 nets
322 terminals
352 pmos
352 nmos

224 net-list ambiguities were resolved by random selection.

The net-lists match.
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Wire Branching Examples

1. Add instances from your
library, such as this nand3
gate.

2. Add blocks to hold the place
of an undetermined instance,

such as this GATE_REP.

\‘\ PRESET I——
ka }
e
- N1 GATE REP
3. Add preseT [ 5 e, -
schematic pins, £ nand 3 pinl
such as this
input pin. v
7 N2 i N&
— e E ¥ g = E ¥ »o
nand 3 nandJ
A N3 - N&
cLock [ * I E * g - &
4 nand3 - nand3
4. Add wires and
wire names to
A M4
connect B i
schematic pins S s nand3
to instances. wireName
T clesr —

Use the suffix repeat operator < *n> to repeat each bit in a group of bit names

before

expanding the vector term. For example, the following three names all describe

the same
six-bit wire:
A<LQ:2*2>
A<Q*2,1%2,2%2>
A<0,0,1,1,2,2
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