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Opening a New Layout and New Library
File->New->Library

¥¢ Create Library

oK ‘Cancel‘ Apply |

Library il

[ ¥
Mame: |FTo%

Path: |~f’eel-’-11,fsram

Technology Library

If this library will not contain physical design (i.e., layout) data you do not need a tech library.
Otherwise, you must either attach to an existing tech library or compile one.
Choose option:

-~ No tech library needed

# Attach to existing tech library - -» TSMC 0.24u CMOS025/DEEP (5M, HV FET) _: |
-~ Compile tech library

Misc.

O Pad Type: 4 Perimeter - Area array ‘ =

ibrary Manager

=10 ]

File Edit View Design Manager Help

_| Show Categories _| Show Files
— Library — Cell View
scarf i

NGSU_Analog Parts
NCSU Digital Parts
NCSU_Sheets_8Sths
NCGSU TechLib tsme03d
basic

bsl example
cdsDefTechLib

eeld]l lah2

inverter

-l'._
— Messages

Deletion of library done.
Created new library "sram" at /home/aa/ugrad/billhung/eeldl /sram/sram.

&
i

i

Put “sram” in Library field in Library Manager and press Enter.
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¢ New Library x|

— Library

Hame isram

Directory

LVS
hwr3
lab?Z
lab3
labd

sfaafugrad hillhongfeeld] fsraf

— Design Manager
) iue HONE
L) ikma B D

OK | Apply | Cancell Help |

 Directory Doesn't Exist

@ Directory "Mhomefaafugrad/illhungfeel 41 /sram” doesn’t exist.

The directory must exist in order to create the library.

ok |

Help

Make the folder and proceed.

¥ Technology File for New Library x|

0K | cancel | Helpi

Technology File for library "sram"

If you will be creating mask layout or
other physical data in this library, you
will need a technology file. If you plan
to use only schematic or HDL data, a
technology file is not required.

¥ou can: .- Compile a nhew techfile
# Attach to an existing techfile
«» Don’t need a techfile

OK

University of California, Berkeley 3

© 2006



EECS 141: Spring 2006 Bill Hung and Dennis Wang

"\. Attach Design Library to Technology File ] il

oK Cancel | Defaults | Apply

By Troshas §Huones sram

Technology Library NCSU_TechLib_tsmc03d - |

OK

f!-,-'.;_,_-":Lihrary Manager

=10 x|

File Edit View Design Manager Help

_| Show Categories | Show Files

— Library Cell View
ggram 3mog H schematid
NCSU _Analog Parts
NCSU Digital Parts
NCSU Sheets Bths
MCSU TechLib tsmc03d
basic

bzl example
cdsDefTechLik

eeldl 1abZ

inwverter

Sram

_I'_
— Messages

Deletion of library done. 5
Created new library "sram” at /home/as/ugrad/billhung/eeldl /sram/sram.

e
I

o

»{ Create New File x|
oK | Cancel | Defaults| Help|
Library Name okl =
Cell Name Er
View Name Lk
il Virtuoso =
Library path file
ome faz/ugrad/billhungfeeldl fods. 11k
S — OK
University of California, Berkeley 4 © 2006
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SRAM Cell Transistors Layout

Ultimately, want to draw the following layout.

[EECS141

Alternate 6T Cell Layout

Drawing NMOS

For now. Open NCSU_TechLib_tsmc03d->nmos->layout, and try to draw an NMOS

myself.

Table 1 PMOS Dimensions in Library NCSU_TechLib_tsmc03d Layout
Name Height x Width

Contact (cc) 24 x 24

Poly (poly) 1.6 x 1.0

Drain Metal (metall) 1.0 x 0.48

Well (nactive) 1.0x2.2

Circumference (nselect) 1.6 x 2.68

Table 2 Minimum PMOS and NMOS Sizes from Library NCSU TechLib_tsmc03d

Name Width / Length
NMOS 0.36um / 0.24um
PMOS 0.36um / 0.24um

University of California, Berkeley 5
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Eh‘irtuoso[ﬁ] Layout Reading: NCSU_T: h_ts -0l x|
= 0.7z ¥:-1.14 (F) Select: D 0 5

Tools Design Window Create Edit Verify Connectivity

1

AT

mouse L:showGlickIn M:leHiMousePo F:hiZoomabsol

3

The layout by opening the NCSU_TechLib_tsmc03d library.

“r” nselect, nactive. Everything is dg

, not nt in the LSW window.

“r” metall, cc. Notice the contacts have to be exactly 0.24um x 0.24um or DRC error.

E!Uirtuoso@ Layout Editing: sram 3m o =[]
X -2.82 ¥: -1.80 (F) Select: 0 a2 3

Tools Design Window Create Edit Verify Connectivity

mouse L.Enter Point M:Pﬁp—up Mern R:
D_ Point at the first comer of the rectangle:

(Y%
T

poly

University of California, Berkeley 6 © 2006
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Eﬂ\firtuusuiﬁj Layout Editing: sram 3mos lay:

bt

X -9.78 ¥: 6.24 (F) Select: 0

Tools Design Window Create Edit Verify Connectivity

mouse i.:shoij.ickIn M:leI—iiMousePn R:hiBoomdbsol

2

=10l x|

ax: 3

[IP=2]

q”, then change the left, right, bottom, top to change the size.

Exploring Cadence Transistor Sizes

NMOS

Table 3 Actual NMOS Size for Phrase |

Name Width x Height
nselect (same as library) 1.92 x 1.08
nactive (Well) 1.44 x 0.48
metall (Drain metal) 0.48 x 0.48
poly 0.24x 0.96

cc (contacts) 0.24x0.24

nactive below, library nmos above.

University of California, Berkeley
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0.4a0

Metall

Poly
H?irtuusu[ﬁ] Layout Editing: sram 3 - |EI|5|
= -4.02 b | I (F) Select: O d<: -1.9 4

Tools Desigh Window Create Edit Verify Connectivity

D h mouse L: Enter Point M: Pop-up Menu R: Rotate 90
Felect the figure to be moved:

Nmos from library (left), and my nmos (right). They are exactly the same. DRC error free,
extract error free.

University of California, Berkeley 8 © 2006
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PMOS

'dirtuusu[E] Layout Reading: NC

¥ -0.42 Y¥: 1.26 (F) Select: 1
Tools Design Window Create Edit Verify Connectivity

NEs

mouse L:showClickIn M:leHiMousePo E:leHiCreateR

»

=10l x|

dx 15

The library cell by opening the NCSU_TechLib_tsmc03d library

Table 4 Actual PMOS Size for Phrase I

Name Width x Height
Nwell 2.880 x 1.920
pselect (orange box) 1.920 x 1.080
Pactive 1.44 x 0.48
metal 0.48 x 0.48

cc (contacts) 0.24x0.24
Poly 0.24 x 0.96

nwell and pselect (orange box)

University of California, Berkeley
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R
et
ponhniony
S
L
-

EHEEE
Haa

=
SnEn
S

b

pactive, metall

=lol]

¥: 0.78 Y: 0.96 (F) Select: 1 dx: 2.94 1

Tools Design Window Create Edi

Verify Connectivity Options

mouse L:showClickInfo{ M:leHiMousePopUp R:hiZoomdbsolute

>

i

DRC-> Total errors found: 0
Extract -> Total errors found: 0

University of California, Berkeley 10
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Testing NMOS and PMOS Extraction

NMOS

Verify->Extract
"'?{'E:-ctracl:ur

oK Cancel | Defaults | Apply

Help

Extract Method # flat macro cell full hier incremental hier
Join Hets With Same Name Echo Commands

Switch Hames Set Switches
Run- Specific Command File

Inclusion Limit 1000

Views Hames Extracted |extracted Excell |excell

Rules File divaEXT. rul]

Rules Library B |TechLib tamc03d

Machine # local - remote Machine

Total errors found: 0

Open to the 3mos->extract

Tools->Analog Environment->Setup Environment
Check “hspice” and “flat”, OK
Simulation->Netlist->Create Final

Save As -> ~/141/phrasel/min_nmos.sp

The extracted width and length agree with the layout (360nm x 240nm). The extracted

hspice netlist is attached at the end.

University of California, Berkeley 11
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PMOS

Open to the 3mos->extract

Tools->Analog Environment->Setup Environment
Check “hspice” and “flat”, OK
Simulation->Netlist->Create Final

Save As -> ~/141/phrasel/min_pmos.sp

The extracted width and length agree with the layout (360nm x 240nm). The extracted
hspice netlist is attached at the end.

University of California, Berkeley 12 © 2006
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Half SRAM Cell Transistors Layout

63nm SRAM
o ST/Philips/Motorola

Access Transistor

o = -
[ SmmEmiy N ———
TH EE W
i — |
- /EL =
Pull down Pull up

This is the goal of the layout [Nikolic, lec 17 page 7]

Alternate 6T Cell Layout

Layout Example Posted by TA [EE 141, Spring 2006]

University of California, Berkeley 13 © 2006
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Stick Diagram of the SRAM Cell Layout

BL VDD GND

M5 C M4 M3
WL

c _

“1 la Q
Ml M2 Q M6
WL
GND VDD BL

Figure 1ISRAM Cell Layout Stick Diagram

Edit->Other->Rotate to rotate the transistors. cp and align them to meet the schematic

given for 65nm SRAM

B virtuosom Layout Editing: sram 3mos lay =1olx]
X: -9.90 Y: 6.54 (F) Select: 0 dx: -5.10 dav: 19

Tools Design Window Create Edit Verfy Connectivity Options Route

[—\1 mouse Lo Enter Poink M: Pop-up Merm E: Toggle L90 XY
> L}
Point at the first point of the ruler:

Min distance (3.5 lambda) between nmos and pmos with DRC error.

University of California, Berkeley 14 © 2006
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ll'h'irtuusu[ﬁ] Layout Editing: sram - |EI|5|
X -7.02 ¥. b.60 (F) Select: 0 dx: -1 14

Tools Design Window Create Edit Verify Connectivity

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

Access transistor (top), pull down nmos (left bottom), and pull up pmos (right)

M1 POLY to metall min distance (3 lambda)

University of California, Berkeley 15 © 2006
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M1 POLY contact and poly added to pmos

Active contact to active spacing (5 lambda)

University of California, Berkeley 16 © 2006
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Poly to poly contact (4 lambda), active contact to active spacing (3 lambda), so this
makes the 2 pmos has 6 lambda apart instead of 5 lambda apart.

Wiring within the SRAM Cell with Contacts

H?irtuusu[ﬁ] Layout Editing: sr ]
A -4.14 ¥: 3.30 (F) Select: 0 i3

Tools Desigh Window Create Edit Verify

o k mouze L:showClickI M:leHiMouseP R:hiEoomdbso

»

é are connected with metal 1 between M1 NMOS drain and M2 PMOS drain. DRC

error free, extract was error free. The Hspice attached in appendix. The problem here is
the metal 1 between M1 and M2 using metal 1 will connect the gate of pmos M4 also,
which is not correct.

University of California, Berkeley 17 © 2006
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Contacts

H?irtuusu[ﬁ] Layout Editing: sram 3 -0 ﬂ
X -1.14 Y. 292 {F) Select: 0 < 1.32 3

Tools Design Window Create Edit Verify Connectivity

—[L mouse L:showllickIng M:leHiMousePop R:hiZoomBelati

»

—

Contacts M1 _POLY(left), M1 _P(middle), M1 N (right)

e

i
i
i

ek
S,

(from left) Contact M5 M4, M4 M3, M3 M2, M2 MI, NTAP

(from left) NTAP = nwell/nselect/cc/m1 or nwell/m1 _n, ntap, M1 P, PTAP

Now I try to make contacts on the gate of M5

University of California, Berkeley 18 © 2006
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M2 M1 contact (left), M3 M2 contact (right) placed at the same place, onto of gate of
M35 for Word Line (WL) connections.

Wiring word line
H?irtuusu[ﬁ] Layout Editi =]

¥: -3.60 ¥: 4.32 (F] Select: | 3 'U'irtuoso[E:l Layout Reading: sram s o ]
X: 0.00 ¥:-08 71_p5¢ Simulator: hspiceS 17

Tools Design Window Create Edit Verify
&
&
i
%

Tools Design Window Create Edit Verify Conneclivity

(=) |mouse L:showCli M:leHiMou R:hiEoomd
“h

»

mouse L:showClickIn M:leHiMousePo R:hiZoomdbsol

*# FILE NAME:
/HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/SRAM_CELL/HSPICES/
* EXTRACTED/NETLIST/SRAM_CELL.C.RAW

* NETLIST OUTPUT FOR HSPICES.

* GENERATED ON MAR 17 23:45:35 2006

MO 5 7 14 2 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M1 12 4 6 2 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M2 137911 TSMC25DN L=240E-9 W=480E-9 AD=165.599996280845E-15
+AS=288.000011209114E-15 PD=779.999993483216E-9 PS=1.67999996847357E-6 M=1
M3 104 15 11 TSMC25DN L=240E-9 W=480E-9 AD=288.000011209114E-15
+AS=165.599996280845E-15 PD=1.67999996847357E-6 PS=779.999993483216E-9 M=1
M4 83 13 11 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=165.599996280845E-15 PD=1.7999999499807E-6 PS=779.999993483216E-9 M=1
M5 153111 TSMC25DN L=240E-9 W=360E-9 AD=165.599996280845E-15
+AS=273.599990319867E-15 PD=779.999993483216E-9 PS=1.7999999499807E-6 M=1

* INCLUDE FILES

* END OF NETLIST

.TEMP 25.0000

.OP

.save

.OPTION INGOLD=2 ARTIST=2 PSF=2
+ PROBE=0

.END

University of California, Berkeley 19 © 2006
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Using M3, the horizontal wire in the graph, to connect the gate of the access transistors
since according to the Layout Example Posted by TA, if we use M3 for vertical wiring,
we need to use a lot of contact M1_M?2 and M2 M3.

Wiring BL,BL, Q,Q and Vyq

¥ Virtuoso® Layout Editing: sram th... E@@
X 240 ¥: 1.98 (F) Select: 0 dx: 3.36 3
Tools Design Window Create Edit Verify Connectivity Options

.'mouse L: mouseAddPt() M:leHiMousePopU E: cmdOptioni)
5/ | Point at marker to explain

AES

File Help | 8

location:
resson:
location:
reason:
location:
resson:

("sram" "three mos" "layout")

(SCMOS_SUBM Rule 9. 2. 1) metalZ spacing: 048 um
("sram" "three mos" "layout")

(SCMOS Rule 7.2) metall spacing: 0.36 um
("sram" "three mos" "layout")

(SCMOS_SUEM Fule 9. Z2.b) metal2 spacing: 0.48 um

There is a problem when we use M1_M2 as a connection to vertical BL . The minimum
spacing between M1 is 0.36um (3 lambda), and The minimum spacing between M2 is

0.48um (4 lambda).

Therefore, I move M1_M2 contact on the left (WL connection) down, and move M1 M2

contact on the right (éL connection) away. Now it is DRC free again. Using M2
vertically to wire V44 between the 2 pmos. The result is shown below. Hspice Netlist

attached at the end.

tuoso® Layout Editing: sram three... [ |[8]X] ¥ Virtuoso® Layout Editing: sram sram_.

X 262 Y. -0.54 (F) Select: 0 dx: 3.2 d 3

Tools Design Window Create Edit Verify Connectivity Options Route

‘mouse L:showClickInfo() M:lsHiMousePopUp( R:hiZoomdbsolutes

>

X -4.32 ¥: 4.20 (F) Select: 1 dx: d¥ 3

Tools Design Window Create Edit Verify Connectivity Options Route

mouse L:showClickInfo() M:leHiMousePopUp( R: geReturn()

o |=

University of California, Berkeley
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Instantiate N-tap

First attempt: laying down the N-tap in the middle and as close as to center, but
unfortunately, it didn’t work

Virtuoso® Layout Editing: sram sram_cell layout E [c]
X -4.02 ¥: 6.48 (F) Select: 1 dx: 2.88 dy: 2.52 15 || Fie Help | 18 |
Tools Design Window Create Edit Verify Conneclivity Options Route HCSU Help Tocotion: (Dot Fsrawooal Ll lavont ) |

reason (SCHOS_SUBM Rule 2.3) source/drain actiwve to well edge: 0.72 um
location: ("sram® "sram_cell® "lagout")

reason (SCMOS_SUBM Rule 2.3) source/drain active to well edge: 0.72 um
location: ("sram" "sram cell" "layout')

reason.  (SCMOS Rule 2 5) active of different implant spacing 0 ar 048 m
location: (*sram’ "sram_cell® "lagout’)

reason (SCH0S Rule 6 5.b) active contact to active spacing: 0.60 um
location: ("sram" "sram cell" “layout')
reason.  (SCMOS Bule 6 5. b) actiwe conkact to active spasing: 0 60 um
location: ("sram’ "scam_cell® "layout”)
reason (SCHOS Rule 6.5.h) active conktact to active spacing: 0.60 um
Tocation: ("sram’ "sram_csll® "lagout")
reason:  (SCMOS Rule £ 5.b) active contact to active spasing: 0. 60 wm

location: (“sram" “sram cell" "layout')

reason (SCHOS Rule 6.5.1h) active conktact to active spacing: 0.60 um

location: ("sram’ "scam_gell® “lagout’)

reason:  (SCHOS Rule 2. 5) active of different implant spacing: 0 or 0.4 um
location: (“sram" “"sram cell" "layout')

reason  (SOMOS Rule 2 5) active of different implant spacing D or 048 m
location: ("sram’ "scam_cell® "lagout’)

reason (SCHOS Rule 2 3) gate enclosure of actiwe: 0.30 um

location: (“sram’ “sram _cell® “layout’) |
reason:  (SCHDS Rule 4 4) n select and p select may not overlap

mouse L: mouseAddPt() M: leHiMousePopUp(} R: cmdOption()
| | Point at marker to explain

Second attempt: putting the N-tap in the bottom-right corner, and it works

¥: 6.84 {F) Select: 1

Tools Design Window Create Edit Verify Connectivity Options Route NCSU Help

= |mouse L: showGlickInfol) M: leHilMousePoplp () R:hiZoomBbsoluteScale(

e 1>

Minimizing Wires

| ________________________________________________]
Wire minimum width 0.36um, 3 lambda

University of California, Berkeley 21 © 2006
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Connecting the Grounds
§ q _z__i_.l_:_.lj_gsj I marker text ‘_.___i_lj__lj‘__)sj

%: 0.66 ¥:-1.14 (F) Select: 0 dx: -0.18 dv: -0.48 13| me Help | &

Tools Design Window Create Edit Verify Conneclivity Options Route HNCSU Help location: (“sram” "three mos" "Layout®)
@ ¥ | reazon: {SCIHO0S Fule T.E) metall spacing: 036 um

&
=

" |movse L. movseAddpt() M: leHiMousePopUp () R: cmdOption()
Point at marker to explain

The M1_M2 contact needs 4 lambda from metal 2 and 3 lambda from metal 1. So I
moved the metal 2 of the bitline-bar to the right for half a lambda. Then DRC free.

-1o1x
X 2.0 ¥: 1.80 (F) Select: 1 d 3

[-] icfb - Log: fhome/aa/ugrad/billhung/CDS.log

Tools Desigh Window Create Edit Verify Connectivity
File Tools Options
# errors Wiolated Rules
(SCHMOS_SUBM Rule 9.2 b) metall spacing: 0.48 um
1 Total errors found

mouze L: showClickInfaoi) M: leHiMousePopUp ()

=

)j)/ mouse L:showtlickI M: leHiMowseP R:geScrollin
The metal 1 between M1 M2 contact and metal2 sticking up from M1 M2 contact were
drawn. The spacing between metal 2 is at least 4 lambda. So move the gound metal 2 to
the right. Then DRC free.
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0o 1z0

After long discussion with Dennis, we decided in order to put the ntap in the cell, we
have no choice but to increase the horizontal distance by half a lambda. The result is
DRC free.

Hh‘irtuusu[ﬁ] Layout Editing: sram sram_c - |EI|5|
®: -12.30 ¥: 3.04 (F) Select: O dix: -3.42 d 3

Tools Design Window Create Edit Venfy Connectlivity Options Route

_[L mouse L:showtlickInfo() M:leHiMousePopUp i R hiZoomdbsolutes

E

—

Connecting the grounds through metall-metal2-metal3-metal2-metall. DRC error free,
extract error free.
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Connecting the VDD

The ground is connected to the ntap through metal 1. The wire between them has to be 4
lambda instead of the minimum 3 lambda or DRC error.

University of California, Berkeley 24 © 2006
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Final Layout
ayout Editing: sram sram_cell layout - | Ellll
®: -10.26 ¥: 3.12 (F) Select: 0 dx: -3.12 dy¥: -0.96 Dist: 3.264 Cimid: 3
Tools Design Window Create Edit Verify Connectivity Options Route MCSU Help

g@v mouse L: showtlickInfao() M: leHiMowsePopUp () F:hifoomdbsoluteScale (hiGetln

>

After putting the ptaps at the corners. DRC and extra error free. The hspice gives the right
circuit (attached). YES!

Final Postscript Plot

University of California, Berkeley 25 © 2006
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Testing with Repetitive Pattern

[ marker text
File

location: ("sram" "test! "layout!)
CERSOn: (SCMOS SUBM Rule 5. 3) poly contact spacing: 0.48 um

The layout we have so far can not be flipped correctly since the gates of the access
transistor should be center at the rotation axis.

After move the center of the oly cntact it is now DRC free

University of California, Berkeley 26 © 2006
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APPENDIX

Cadence Shortcut Keys

Table S Cadence Shortcut Keys

Shortcut Key Meaning
C Copy

M -> Flip Upside Down Flip

O Contact

Failure Notes, mistakes that | learned from trial and error

1. contacts have to be exactly 0.24um x 0.24um or DRC error.

Tried the exact dimension in Table 1, they didn’t work for me. Those are the
sizing parameters from the library layout. I made an nmos with the same exact
dimension of the library transistor, but it ends up with lots of DRC errors. So
finally opening the inverter from HW instead for sizing.
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HSPICE Minimum NMOS Extracted Netlist

uvirtunsnrﬁl Layout Editing: sram 3i = | Dlll
X -4.02 ¥ -0.42 (F) Select: 0 dx: -1.9 14

Tools Design Window Create Edit Verify Connectivity

D

P

=0

mouse L: Enter Point M: Pop-up Meru R: Rotate 90
Select the figure to be moved:

# FILE NAME: /HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/3MOS/HSPICES/
EXTRACTED/NETLIST/3MOS.C.RAW

NETLIST OUTPUT FOR HSPICES.

GENERATED ON MAR 16 23:33:20 2006

* % ok

MO 5 3 6 2 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

M1 7 4 1 2 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

* INCLUDE FILES

* END OF NETLIST

. TEMP 25.0000

.0P

.sSave

.OPTION INGOLD=2 ARTIST=2 PSF=2
+ PROBE=0

.END
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HSPICE Minimum PMOS Extracted Netlist

Hvirtuusuiﬁ Layout Editing: sram 3mos - |EI|5|
X 0.78 ¥: 0.96 (F) Select: 1 dx: 2.94 11

Tools Design Window Create Edit Verify Conneclivity Options

EL mouse L:showClickInfo{ M:leHiMousePopUp R:hiZoomdbsolute

7 |

EXTRACTED/NETLIST/3MOS.C.RAW
NETLIST OUTPUT FOR HSPICES.
GENERATED ON MAR 17 00:39:30 2006

* ok %

MO 11 2 8 5 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15

# FILE NAME: /HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/3MOS/HSPICES/

+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

Ml 6 13 12 5 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

M2 9 4 10 3 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

M3 14 7 1 3 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

* INCLUDE FILES

* END OF NETLIST

. TEMP 25.0000

.OP

. Save

.OPTION INGOLD=2 ARTIST=2 PSF=2

+ PROBE=0

.END
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HSPICE Q-bar between M1 NMOS drain and M2 PMOS drain

Bl virtuoso® Layout Editing: sram sram_cel =]
H\l'irtuosoiﬁjl Layout Editing: sr. O] x| ®i -4.98 ¥ 2.22 (F) Select: 0 775 ¢ simulator: hspiceS 5
w414 . 3.30 (F) Select: 0 i 5 | Touls Design wWindow Create Euit Verify Connectivity Options Routs

Tools Design Window Create Edit Verify

sy || MIUSE L chonflickl - Leribueey & hibseniibes . |mouse L: showGlickInfo() M:leHiMousePopUpi) R:geScroll(nil "e"

» >

—r—

*# FILE NAME:
/HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/SRAM_CELL/HSPICES/
* EXTRACTED/NETLIST/SRAM_CELL.C.RAW

* NETLIST OUTPUT FOR HSPICES.

* GENERATED ON MAR 17 20:38:00 2006

MO 10 12 9 5 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M1 410 12 5 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M2 1012 72 TSMC25DN L=240E-9 W=480E-9 AD=165.599996280845E-15
+AS=288.000011209114E-15 PD=779.999993483216E-9 PS=1.67999996847357E-6 M=1
M3 810 12 2 TSMC25DN L=240E-9 W=480E-9 AD=288.000011209114E-15
+AS=165.599996280845E-15 PD=1.67999996847357E-6 PS=779.999993483216E-9 M=1
M4 6 3 10 2 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=165.599996280845E-15 PD=1.7999999499807E-6 PS=779.999993483216E-9 M=1
M5 12 11 12 TSMC25DN L=240E-9 W=360E-9 AD=165.599996280845E-15
+AS=273.599990319867E-15 PD=779.999993483216E-9 PS=1.7999999499807E-6 M=1

* INCLUDE FILES

* END OF NETLIST

.TEMP 25.0000

.OP

.save

.OPTION INGOLD=2 ARTIST=2 PSF=2
+ PROBE=0

.END

The node 12 is Q-bar. I noticed the pmos M1 in the netlist and the two big nmos (M2 and M3 in the
netlist) are connected. This is good.

The netlist suggests that with a metal 1 connecting M1 and M2 in the stick diagram (Figure 1) will
connect the gate of M4. This is what we want
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HSPICE Wiring BL,BL, 0,0 and Vg

In the netlist extraction (we can’t tell if BL will be properly connected at this stage, but
we are sure that the two half cells are connected together; Qbar corresponding to node 9
whereas Q corresponding to node 10. V4qis node 4)

*# FILE NAME:
/HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/SRAM CELL/HSPICE
S/

* EXTRACTED/NETLIST/SRAM_CELL.C.RAW

* NETLIST OUTPUT FOR HSPICES.

* GENERATED ON MAR 18 12:19:53 2006

MO 9 10 4 3 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M1 49 10 3 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M2 9 10 6 2 TSMC25DN L=240E-9 W=480E-9 AD=165.599996280845E-15
+AS=288.000011209114E-15 PD=779.999993483216E-9 PS=1.67999996847357E-6
M=1

M3 79102 TSMC25DN L=240E-9 W=480E-9 AD=288.000011209114E-15
+AS=165.599996280845E-15 PD=1.67999996847357E-6 PS=779.999993483216E-9
M=1

M4 58 92 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=165.599996280845E-15 PD=1.7999999499807E-6 PS=779.999993483216E-9
M=1

M5 10 8 1 2 TSMC25DN L=240E-9 W=360E-9 AD=165.599996280845E-15
+AS=273.599990319867E-15 PD=779.999993483216E-9 PS=1.7999999499807E-6
M=1

* INCLUDE FILES

* END OF NETLIST

.TEMP 25.0000

.OP

.Save

.OPTION INGOLD=2 ARTIST=2 PSF=2
+ PROBE=0

.END
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HSPICE After Ground Metal 2 Rail
H?irtuusu[ﬁ] Layout Editing I ] 4

H2.28 ' T=25 C Simulator: hspiceS 7
Tools Design Window Create Edit Venfy

=i |mouse L:mouseddd M:leHiMous R: cmdlptio
Enter the first comer of the box you wish to el

/HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/SRAM_CELL/HSPICES/
* EXTRACTED/NETLIST/SRAM_CELL.C.RAW

* NETLIST OUTPUT FOR HSPICES.

* GENERATED ON MAR 18 17:54:03 2006

MO0 9 10 4 3 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M1 49 10 3 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6 M=1
M2 9 10 6 2 TSMC25DN L=240E-9 W=480E-9 AD=165.599996280845E-15
+AS=288.000011209114E-15 PD=779.999993483216E-9 PS=1.67999996847357E-6 M=1
M3 79102 TSMC25DN L=240E-9 W=480E-9 AD=288.000011209114E-15
+AS=165.599996280845E-15 PD=1.67999996847357E-6 PS=779.999993483216E-9 M=1
M4 589 2 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=165.599996280845E-15 PD=1.7999999499807E-6 PS=779.999993483216E-9 M=1
M5 10 8 12 TSMC25DN L=240E-9 W=360E-9 AD=165.599996280845E-15
+AS=273.599990319867E-15 PD=779.999993483216E-9 PS=1.7999999499807E-6 M=1

* INCLUDE FILES

* END OF NETLIST

.TEMP 25.0000

.OP

.save

.OPTION INGOLD=2 ARTIST=2 PSF=2
+ PROBE=0

.END

University of California, Berkeley 32 © 2006



EECS 141: Spring 2006

Bill Hung and Dennis Wang

HSPICE After Ground Metal 3 Connection

=B x|

a3

”Virtuusuiﬁl Layout Editing: sram sram_c
X -12.30 ¥: 3.84 (F) Select: 0

dx: -3.42

Tools Design Window Create Edit Verify Connectivity Options Route

_l:L mouse L:showClickInfo() M:1lsHiMousePopUpi R:hiZoomAbsolutes

>

!I\l'irtuosmi] Layout Editing: sram sran

=101 ]

X:-9.12 1

Y. 2.04 (F) Select: 0 dx:

Tools Design Window Create Edit Verfy Connectivity Options

mouse L. mousedaddPt()

>

M:leHiMousePopUp R: cnddption ()

* # FILE NAME:

/HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/SRAM CELL/HSPICES/

* EXTRACTED/NETLIST/SRAM CELL.C.RAW
* NETLIST OUTPUT FOR HSPICES.
* GENERATED ON MAR 18 20:57:07 2006

MO 3 8 4 1 TSMC25DP L=240E-9 W=360E
+AS=273.599990319867E-15 PD=1.79999
M=1
M1 4 3 8 1 TSMC25DP L=240E-9 W=360E
+AS=273.599990319867E-15 PD=1.79999
M=1
M2 3 8 7 5 TSMC25DN L=240E-9 W=480E
+AS=288.000011209114E-15 PD=779.999
M=1
M3 7 3 8 5 TSMC25DN L=240E-9 W=480E
+AS=165.599996280845E-15 PD=1.67999
M=1
M4 6 2 3 5 TSMC25DN L=240E-9 W=360E
+AS=165.599996280845E-15 PD=1.79999
M=1
M5 8 2 9 5 TSMC25DN L=240E-9 W=360E
+AS=273.599990319867E-15 PD=779.999
M=1

* INCLUDE FILES

* END OF NETLIST

. TEMP 25.0000

.OP

.save

.OPTION INGOLD=2 ARTIST=2 PSF=2
+ PROBE=0

.END

-9 AD=273.599990319867E-15
99499807E-6 PS=1.7999999499807E-6

-9 AD=273.599990319867E-15
99499807E-6 PS=1.7999999499807E-6

-9 AD=165.599996280845E-15
993483216E-9 PS=1.67999996847357E-6

-9 AD=288.000011209114E-15
996847357E-6 PS=779.999993483216E-9

-9 AD=273.599990319867E-15
99499807E-6 PS=779.999993483216E-9

-9 AD=165.599996280845E-15
993483216E-9 PS=1.7999999499807E-6
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Final HSPICE SRAM Cell Extracted

| virtuoso® Layout Editing I =

!Ib'irtunsu[ﬁ] Layout Editing: sra ;|g|5| ¥ _10.26 v 312 (F) Select: 0 3
X 1.98 ¥: 11. 725 ¢ Simulator: hspices 17

Tools Design Window Create Edit Verify

Tools Design Window Create Edit Verfy

* Imouse L:showClickI M:leHiMouseP R:hiZoomabso mouse L:showClic M:leHiMous R:hiZoomdh

=iz =l

* # FILE NAME:
/HOME/AA/UGRAD/BILLHUNG/CADENCE/SIMULATION/SRAM CELL/HSPICES/
* EXTRACTED/NETLIST/SRAM CELL.C.RAW

* NETLIST OUTPUT FOR HSPICES.

* GENERATED ON MAR 18 22:14:53 2006

MO 2 5 1 1 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

M1 1 2 5 1 TSMC25DP L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=273.599990319867E-15 PD=1.7999999499807E-6 PS=1.7999999499807E-6
M=1

M2 2 5 7 7 TSMC25DN L=240E-9 W=480E-9 AD=165.599996280845E-15
+AS=288.000011209114E-15 PD=779.999993483216E-9 PS=1.67999996847357E-6
M=1

M3 7 2 5 7 TSMC25DN L=240E-9 W=480E-9 AD=288.000011209114E-15
+AS=165.599996280845E-15 PD=1.67999996847357E-6 PS=779.999993483216E-9
M=1

M4 4 3 2 7 TSMC25DN L=240E-9 W=360E-9 AD=273.599990319867E-15
+AS=165.599996280845E-15 PD=1.7999999499807E-6 PS=779.999993483216E-9
M=1

M5 5 3 6 7 TSMC25DN L=240E-9 W=360E-9 AD=165.599996280845E-15
+AS=273.599990319867E-15 PD=779.999993483216E-9 PS=1.7999999499807E-6
M=1

* INCLUDE FILES

* END OF NETLIST
. TEMP 25.0000

.0P

.save

.OPTION INGOLD=2 ARTIST=2 PSF=2
+ PROBE=0

.END
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