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1.2 Esim Resyits: Fina| (Chip-wide, Cases #1 - #12)
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2.1 Spice Resuits: Standard Cells (Ali Input Combinations)
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QSbar

UMb o

11
12
13
14
15
16

20
21
22
23
24
25
26
27
28
29

40
41
42
43
44
45
46
47



Simulation of cell: inv.mag (A: 0 -> 1 -> 0) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor socurce/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta W)
3 um model cards courtesy of mosis

oA ok A % A X N R % 8

Cell Inputs

*

define (TD, 2ns)
define (TR, 2ns)
define{TH, 12ns)
define (TF, 2ns)
define(TL, 12ns)
define (PER, 28ns)
define (TIME, 30ns)
x

/ A A

*

* / \
*

* HERE
VA 20 0 pulse(0 S TD TR TF TH PER)

* Simulation Gutputs .

* Prints inputs, outputs, load output, and current use, respectively
-

]

HERE
.tran 0.25ns TIME
.print trans v{(20) v{(21) i{vdd}
.print trans v(100)
.optiocna nomed ingold=2
.width out=80

x

¥ Pass cell output to subcircuit input (= load)

* Passing Vlcad Vcmosp Vemosn cutput subcktpname

* HERE
XLCAD 2 4 5 21 100 lcad

*

include(/icsl2/dloh/spice.dir/load)

x

include(/i¢sl2/dloh/spice.dir/power)

* HERE

include{/icsl2/dloh/spice.dir/inv.dir/inv.spice)

*

include(/icsl2/dloh/spice.dir/models)

x

.end
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Simulation of cell: nand2.mag (AB: 11 -> 0] -> 10 HERE

Notes: all inputs = 2ns rise/Zns fall
all clocks = 2ns risae/2ns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta_W)
3 um model cards courtesy of mosis

Cell Inputs

* % X 4 * ¥ X X N X ¥

define (TD, 2ns)
define (TR, 2ns)
define(TH, 12ns)
‘define (TF, 2na)
define (TL, 12na)
define {PER, 28ns)
define (TIME, 30na)

*

——— —— e —

\ A /
\ /

* o+ o

HERE

VA 20 0 pulse(5 Q0 TD TR TF TH PER)

VB 21 0 5V

"

* Simulation Qutputs

* Prints inputs, outputs, load ocutput, and current use, respectively
»

*

HERE
.tran 0.25ns TIME
.print trans v(20) v(22) i(vdd)
.print trans v(100)
-options nomod ingold=2
.width out=80

&

* Pass cell output to subcircuit input (= load)

* Passing Vload Vcmosp Vcemosn cutput subcktname

w

* HERE
XLCAD 2 4 S5 22 100 load

x

include(/icsl2/dloh/spice.dir/load)

L 4

include (/icsl2/dloh/spice.dir/power)

* HERE

include(/icslzfdloh/apice.dir/nandz.dir/nandz.spice}

L 4

include (/icsl2/dloh/spice.dir/models)

*

.end
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Simulation of cell: nand2 . mag (AB: 11 -» 00 => 11) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2apice
all transistor Source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn = Delta_w)
3 um model cards courtesy of mosis

1*1‘&"*"41!

Cell Inputs

”

define (TD, 2ns)
define (TR, 2ns}
define (TH, 12na)
define (TF, 2na)
define(TL, 12ns)
define (PER, 28ns)
define (TIME, 30ns)

* % »

|
>
\}

-
~

"&&'1**
-
-
w
S
s

HERE
VA 20 0 pulse(5 0 TO TR TF TH PER)
VB 21 0 pulse(5 0 TD TR TF TH PER)

o

* Simulation Qutputa

* Prints inputa, outputs, load output, and current use, respectively
*

* HERE
.tran 0.25ns TIME

-Print trans v{20) v(22) i(vdd}

.print trans v{100)

-Ccptions nomod ingold=2

.width out=8¢

*

* Pass cell output to subcircuit input (= load)

* Passing Vlocad Vemosp Vemosn output Subcktname

3

* HERE
XLOAD 2 4 3 22 100 load

*

include(/icle/dloh/spice.dir/load)

”

include(/icle/dloh/spice.dir/power)

* HERE

include(/icle/dloh/spice.dir/nandz.dir/nandz.spice)
include(/icle/dlch/spice.dir/models)
4

.end
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Simulatien of cell: nand3.mag (ABC: 111 -> 011 -> 111) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor 3curce/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W drawn - Delta_w)
3 um model cards courtesy of mosis

Cell Inputs

*H*'#ll!!“ll

define(TD, 2ns)
define (TR, 2na)
define(TH,lZns)
define(TF, 2na)
define(TL, 12ns)
define (PER, 28ns)
define(TIME,BOns)
*

b ]
* \ A /

* Y /

* HERE
VA 20 0 pulse(S 0 TD TR TF TH PER)

VB 21 0 sv

vC 22 0 sv

®

* Simulation Qutputs

* Prints inputs, cutputs, load output, and current use, respectively
*

* HERE
-tran 0.25ns TIME

‘Print trans v(20) vi{23) i(vdd)

.print trans v({l00)

.options nomod ingold=2

.width out=80

*

* Pass cell output to subcircuit input (= load)

* Passing Vload Vemosp Vemosn output subcktname

k

" HERE
XLOAD 2 4 5 23 100 load

L

include(/icle/dloh/spice.dir/load)

L

include(/icle/dloh/spice.dir/pOwer)

x HERE

include(/icle/dloh/spice.dir/nand3.dir/nandB.spice)
*

include(/icslz/dloh/spice.dir/models)

E

.end
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Simulation of cell: nand3.mag (ABC: 111 -> 000G -» 111) HERE

Notes: all inputs = Zns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of sach type
(Weff = W_drawn - Delta W)
3 um model cards courtesy of mosis

Cell Inputs

LN BT R N S 2N B 2 T

define (TD, 2na)
define (TR, 2ns)
define(TH, 12na)
define(TF, 2na)
define(TL,12ns)
define (PER, 28na)
define (TIME, 30na)

*

*

LA A /

=N /

»

N B /

- /

o c /

* \ /

* HERE

VA 20 0 pulse(5 0 TD TR TF TH PER)

VB 21 0 pulse(5 0 TD TR TF TH PER)

VC 22 0 pulse(5 ¢ TD TR TF TH PER)

"

* Simulation Qutputs

* Prints inputs, outputs, load ocutput, and current use, respectively
*

* HERE
.tran 0.25ns TIME

-Print trans v(20) v(23) i(vdd)

.print trans v(100) '

.options nomod ingold=2 '

.width out=80

*

* Pass cell output to subcircuit input (= load)

* Passing Vlicad Vcmosp Vomosn cutput subcktname

J

* HERE

XLOAD 2 4 5 23 100 load

w
include(/icsl2/dloh/spice.dir/load)
L 4

include (/icsl2/dloh/spice.dir/power)
* HERE,

include(/icle/dloh/spice.dir/nand3.dir/nandB.spice)

*

include(/icsl2/dloh/apice.dir/models)
*

.end
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Simulation of cell: nozZ.mag (AB: 10 - ac -»> 10 HERE

Notes: a11 inputs = 2ns rise/2na fal:

L ]
]

»*

*

*

* all transistor 3ource/drain meéasurements made by hand
, .

¥

x*

x

*

Cell Inputs

define(TD,Zns)
define(TR,2ns)
define(TH,lzns)
define(TF,Zns)
define(TL,l2ns)
define(PER,ZEns)
define(TIME,BOns)

L4
*
* \ A /
* A /
_
* HERE
VA 20 o Pulse(5 0 Tp TR TF TH PER)
VB 21 0 v
t 4
* Simulation Qutputa
* Prints inputs, outputs, load Gutput, and current 438, respectively
*
* HERE
-tran 0.25ns TIME
-pPrint trans v{20) v(22) i(vdd)
-Print trans vi(100)
-options nomog ingold=2
-width oue=gg
o
* Pasg cell Output to subcirecuir input (= loaq)
* Passing Vipad Vemosp Vemosn Qutput subcktname
*
* HERE
XLOAD 2 ¢4 5 22 100 load
L4
include(/icle/dloh/spice.dir/load)
L]
include{/icsl2/dloh/spice.dir/power)
* HERE

include(/icle/dloh/spice.dir/nor2.dir/nor2.spice)
*

include(/icsl2/dloh/spice.dir/models)

L

.end



Simulation of cell: nor2.mag (AB: 11 -» 00 ->» 11, HERE

Notea: all inputs = 2ns rise/2ns fa11
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2apice
all transistor 3ource/drain measurements made by hand
all transistor widths adjusted to Weff of €ach type
(Weff = W_drawn - Delta W)
3 um model cards courtesy of mosis

Cell Inputs

I!lhl*lll’l?i

define (TD, 2ns)
define(TR,Zns)
define(TH,lZns)
define (TF, 2ns)
define(TL,lZns)
define(PER,2an)
define(TIME,30ns)

l,t&
-
-
\]

|

|

* & A » x
-

HERE

VA 20 ¢ Pulse(5 0 TD TR TF TH PER)

VB 21 0 pulse(5 0 ID TR TF TH PER)

L]

* Simulation Cutputs

* Prints inputs, Sutputs, load ocutput, and current u3e, respectively
-

*

HERE
-tran 0.25ns TIME

.print trans vi(20) v(22) i(vdd)

-Print trans v(100)

-options nomod ingold=2

width cut=§0

*

* Pasasg cell Qutput to subcircuit input (= lcad)

* Passing Vicad Vemosp Vemosn output subcktname

L -

* HERE
XLCAD 2 4 5 22 100 load

x®

include(/icle/dloh/spice.dir/load)

*

include(/icle/dloh/spice.dir/power)

* HERE

include(/icle/dloh/spice.dir/norZ.dir/norZ.spice)
*

include(/icle/dloh/spice.dir/models)

*x

.end
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Simulation of cell: nord.mag (ABC: 100 -> 000 -> 100} HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of simZspice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta W)
3 um model cards courteay of mosis

Cell Inputs

l'll}i‘ll'&ﬁl*ll

define (TD, 2ns)
define (TR, 2ns)
define (TH, 12ns)
define(TF, 2ns)
define(TL, 12ns)
define {PER, 28ns)
define (TIME, 30ns)

*

¥

* \ A /

* \ /

*

HERE
VA 20 0 pulse(5 0 TD TR TF TH PER)

vB 21 0 Qv

ve 22 0 v

*
* Simulation Cutputs

* Prints inputs, outputs, load output, and current use, respectively
*

* HERE
-tran 0.25ns TIME

-print trana v(20) v{23) i(vdd)

.print trans v(100)

.options nomod ingold=2

.width out=80

»

* Pass cell ocutput to subcircuit input (= load)

* Passing Vlecad Vcmosp Vemeosn output subcktname

w

* HERE
XLOAD 2 4 5 23 100 load

*

include(/icai2/dloh/spice.dir/load)

*

include(/icle/dlohIspice.dir/power)

* HERE

include(/icle/dloh/spice.dir/nor3.dir/nor3.spice)
*

include (/icsl2/dloh/spice.dir/models)
«

.end
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Simulation of cell: nor3d.mag (ABC: 111 -> G00 «> 111y HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor scurce/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W _drawn - Delta_w)
3 um model cards courtesy of mosis

I'll-#llllll'&

Cell Inputs

»

define(TD, 2ns)
define (TR, 2na)
define(TH, 12ns)
define (TF, 2na)
define (TL, 12ns)
define (PER, 28na)
define(TIME, 30ns)

*

E

* \ A /

* A\ /

a

* \ B /

* A /

*

b \ c /

* \ /

* HERE
VA 20 0 pulse(5 0 TD TR TF TH PER)

VB 21 0 pulse(5 0 TOD TR TF TH PER)

Ve 22 0 pulse(5 0 TD TR TF TH PER}

”

* Simulation Qutputs

* Prints inputs, outputs, load output, and current use, respectively
L4

* HERE
.tran 0.25ns TIME

-RPEint trans v(20) v({23) i(vdd)

.print trans v(100)

-options nomod ingold=2

.width ocut=80

"

* Pass cell output to subcircuit input (= load)

* Passing Vlcad Vemosp Vemosn output subcktname

L

* HERE
XLOAD 2 4 5 23 100 load

*

include(/icle/dloh/spice.dir/load)

include(/icle/dloh/spice.dir/power)
* HERE

include(/icle/dloh/spice.dir/nor3.dir/nor3.spice)

*

include (/icsl2/dloh/spice.dir/models)
*

.end
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Simulation of cell: mux.mag (DO = 9; Dl = 1; §: 0 =-> 1 -» 0) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of 3imlapice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta_W)
3 um model cards courtesy of mosis

# % % % % R & R R A n

Cell Inputs

*

define (TD, 2ns)
define (TR, 2ns)
define(TH, 12ns)
define(TF, 2ns)
define (TL, 12ns)
define (PER, 28na)
define (TIME, 30ns)

4
»

* / \

7 s \

”

* T\ Sbar /

* \ /

* HERE
Vs 26 0 pulse(0 5 TD TR TF TH PERY

VSbar 27 0 pulse(5 0 TD TR TF TH PER)

VDo 24 0 ov

VD1 25 0 sy

¥

Simulaticn Qutputs .
* Prints inputs, Qutputs, load ocutput, and current use, reapectively
-

%

HERE
.tran $.25ns TIME

.pPrint trans v(26) v(43) vi{42} 1i(vdd)

.print trans v(100) v(lCl)

.options nomod ingoldaZ

.width out=80

Pass cell outputs to subeircuit input (= load)

Passing Vlcad Vemosp Vemosn output subcktname

* HERE
XLOADQbar 2 4 5 43 100 load

XLOADQ 2 4 5 42 101 load

«

include(/icsl2/dloh/spice.dir/load)

*
include(/icle/dloh/spice.dir/power)
L

* & %

HERE

include(/icle/dloh/spice.dir/mux.dir/mux.spice)
*

include (/icsl2/dloh/spice.dir/models)
*

.end
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Simulation of cell: fad.mag (ABC: 111 -> Q11 -» 111) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of simlapice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta W)
3 um model cards courtesy of mosis

*llk!l‘l‘*ll

Cell Inputs

L 4

define(TD, 2ns)}
define (TR, 2ns)
define(TH, 18na)
define (TF, 2ns)
define (TL, 19ns)
define (PER, 40ns)
define (TIME, 42ns)

*

A A /
A /

* % % »

HERE
VA 20 0 pulse(5 0 TD TR TF TH PER)

VB 21 0 5V

vC 22 0 s5v

L4

* Simulation Qutputs

* Prints inputs, outputs, load output, and current use, respectively
*

* HERE
.tran 0.25ns TIME

‘PEint trans v(20) v{40) v(41) i(vdd)

-print trans v(100) v(101)

-options nomod ingold=2

.width out=80

*

* Pass cell ocutput to subcircuit inputs (= loads)

* Passing Vlcad Vemosp Vemosn output subcktname

a

* HERE

XCYbar 2 4 5 40 100 load
XSUMbar 2 4 5 41 101 load

*

include (/icsl2/dloh/spice.dir/load)

x

include(/icle/dloh/spice.dir/power)

* HERE
include(/icle/dloh/apice.dir/fad.dir/fad.spice)

L

include(/icsl2/dloh/spice.dir/models)

L]

.end
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Simulation of cell: fad.mag (ABC: 100 -> Q00 -» 100) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/Zns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand
all transistor widtha adjusted to Weff of each type
(Weff = W drawn - Delta_w)
3 um model cards courtesy of mosis

Cell Inputas

llll#*iilil‘l

define (7D, 2na)
define (TR, 2ns}
define (TH, 18ns)
define(TF, 2ns)
define (TL, 18na)
define (PER, 40nas)
define (TIME, 42ns3)

*

\ A /
\ /

+* % x »

HERE
VA 20 0 pulse(S5 0 TD TR TF TH PER)

VB 21 0 Qv

ve 22 0 ov

Simulation Outputs
Prints inputs, ocutputs, load output, and current use, respactively

* % t ¥ %

HERE
.tran 0.25ns TIME

‘Print trans v(20) v(40) v(41) 1(vdd)

-print trans v(100) v(101)

-options nomed ingold=2

.width out=80

Pass cell output to subcircuit inputs (= lcads)
Passing Vlcad Vcmosp Vemosn output subcktname

* % 3+ A =»

HERE
XCYbar 2 4 5 40 100 load
XSUMbar 2 4 5 41 101 load

*
include(/icle/dloh/spice.dir/load)
include(/icsl2/dloh/spice.dir/power)

* HERE
include(/icle/dloh/spice.dir/fad.dir/fad.spice}

*

include(/icsl2/dloh/spice.dir/models)

L3

.end
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Simulation of

Notes:

call: fad.mag (ABC: 111 -> 000 -» 111} HERE

all inputs = 2ns rise/2ns fall

all clocks = 2ns rise/2ns fall

transistors Courtesy of sim2spicae

all transistor Source/drain measurements made by hand

all transistor widrhs adjusted to Weff of each type
(Weff = W drawn - Delta_w)

3 um model cards courtesy of moais

**llk&ll*l‘.&

Cell Inputs

define (TD, 2ns)
define(TR,Zna)
define(TH, 18ns)
define(TF,Zns)
define(TL,ans)
define(PER,40na)
define(TIME,42ns)
*

E 4
0\ A /e

* \ /

*

Ty B 2

| 3 \ /

*

LA c /

* \ / :

* HERE
VA 20 0 pulse(s o TD TR TF TH PER)

VB 21 o0 pulse(5 0 TD TR TF TH PER)

vC 22 0 pulse(5 0 TD TR TF TH PER)

k4
* Simulation Cutputs

* Princs inputs, outputs, load output, and current use, Tespec .ively
L3

* HERE
-tran 0.25ns TIME

-Print trans v(20) v{40) v(41) i(vdq)

-Print trans v(100) v{lQ1l)

.options nomod ingold=2

-width out=gQ

~ .

* Pass cell ocutput to subcircuit inputs (= loads)

* Passing Vlocad Vemosp Vemosn Qutput subcktname

i

* HERE
XCYbar 2 4 5 40 100 load

XSUMbar 2 4 5 41 101 load

*

include(/icle/dloh/spice.dir/load)

*

include(/icle/dloh/spice.dir/power)

x HERE

include(/icsl2/dloh/spice.dir/fad.dir/fad.spice)
*

include(/icle/dloh/spice.dir/models)
* .

.end
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Simulation of cell: fad.mag (ABC: 101 -» 001 -> 101) HERE

Notesa: a1} inputs = 2ns rise/2na fall
all clocks = 2ns rise/2na fail
transistora courtesy of sim2spice
all transistor Source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta W)
3 um model cards courtesy of mosias

Cell Inputs

L S S

define (TD, 2ns)
define (TR, 2na)
define (TH, 18na)
define (TF, 2ns)
define(TL,lSna)
define (PER, 40na)
define(TIME,42ns)

*
—_ S

* \ A /

* \ /

* HERE

VA 20 0 pulse(s5 0 TO TR TF TH PER)

VB 21 0 oy

Ve 22 0 sy

*

* Simulation Qutputs

* Prints inputs, outputs, load output, and current u3e, respectively
*

* HERE
-tran 0.2%ns TIME

-print trans w(20) v{40) v{41) 1i(vdd)

.Print trans v{l00} v(1a1l)

.options nomod ingold=2

.width out=80

*

* Pass cell output to subcircuit inputs (= loads)

* Passing Vlopad Vemesp Vemosn output subcktname

x

* HERE

ACYbar 2 4 5 40 100 load
XSUMbar 2 4 5 41 101 load
*

include(/icle/dloh/spice.dir/load)

include(/icle/dloh/spice.dir/power)

* HERE
include(/icle/dloh/spice.dir/fad.dir/fad.spice)
include(/icle/dloh/spice.dir/models)

*

.end
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Simulation of cell: fad.mag (ABC: 110 -> 010 -> 110) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2na rise/2ns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W drawn - Delta_ W)
3 um model cards courtesy of mosis

LA I A L

Cell Inputs

*

define(TD, 2na)
define (TR, 2ns)
define (TH, 18na)
define (TF, 2ns)
define (TL, 18na)
define (PER, 40na)
define(TIME, 42na)

i

*

* A\ A /

* \ /

* HERE
VA 20 0 pulse(5 0 TD TR TF TH PER)

vB 21 0 5§v

ve 22 0 ov

*

* Simulation Outputs

* Prints inputs, outputs, load cutput, and current use, respectively
L 4

* HERE
.tran 0.25ns TIME

.print trans v(20) v(40) v(41) i(vdd)

.print trans v(100) v{(101)

.options nomod ingold=2

.width out=8Q

b4

* FPass cell output to subeircuit inputs (= loads)

* Passing Vlcad Vcmosp Vemosn output subcktname

¥

* . HERE
XCYbar 2 4 5 40 100 load

XSUMbar 2 4 5 41 101 load

*

include (/icsl2/dloh/spice.dir/lcad)

-

include(/icsl2/dloh/spice.dir/power)

* HERE

include(/icle/dloh/apice.dir/fad.dir/fad.spice)
x

include({/icsl2/dloh/spice.dir/models)

*

.end
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Simulation of cell: fad.mag (aBC: 000 -» 801 -> 000y HERE

Notes: all inputs = 2ns rise/2na fall
all clocks = 2na rise/2ns fall
transistors courteay of sim2sapice
all transistor 3ource/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta_W)
3 um model cards courtesy of mosis

*li!*ii*l!ll

Cell Inputs

define{TD, 2ns)
define (TR, 2na)
define (TH, 18na)
define(TF, 2ns)
define (TL, 18ns)
define (PER, 40nas)
define (TIME, 42ns)

*
"

-y \
. c \

* HERE
VA 20 0 ov

vB 21 ¢ Qv

VC 22 0 pulse(0 5 TD TR TF TH PER)

Simulation Qutputs
Prints inpurs, outputs, load cutput, and Current use, respectively

* % % % %

HERE
-tran 0.25ns TIME

-Print trans v{22) v(40) v(4l) 1i{vdd)

-print trans v(100) v{1l01)

-0pticns nomod ingold=2

.width out=80

Pass cell output to subcircuit inputs (= loads)
Fassing Vlocad Vemosp Vemosn Sutput subcktname

* % A x A

HERE
XCY¥bar 2 4 5 40 100 loagd
X3UMbar 2 4 5 41 101 lcad

*
include(/icsl2/dloh/spice.dir/load)

*

include(/icle/dloh/spice.dir/powe:)

* . HERE
include(/icle/dloh/apice.dir/fad.dir/fad.spice)
include(/icsl2/dloh/spice.dir/models)

a*

.end
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Simulation of cell: fad.mag (ABC: 010 -> Q11 -> 010) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
{(Weff = W_drawn - Delta_wW)
3 um model cards courtesy of mosis

ok X X X H X X * n x

Cell Inputs

*x

define (TD, 2ns)
define (TR, 2ns)
define (TH, 18ns)
define (TF, 2ns)
define(TL, 18ns)
define (PER, 40ns)
define (TIME, 42n3)

L

-

* / C A
* HERE
VA 20 0 ov

VB 21 0 5V

vC 22 0 pulse(0 5 TD TR TF TH PER)

* Simulation OQutputs

* Prints inputs, outputs, load output, and current use, respectively
*

* HERE

.tran 0.25ns TIME

.Print trans v(22) v(40) v(41) 1{vdd)

.print trans v(100) w(101)

.options nomod ingold=2

.width out=80

Pass cell output to subcircuit inputs (= loads)
Passing Vlcad vVcmosp Vemosn output subcktname

* * ¥ * %

HERE
XCYbar 2 4 5 40 100 load
X5UMbar 2 4 5 41 101 load

i 4

include(/icle/dloh/spice.dir/load)

*
include(/icsl2/dloh/spice.dir/power)

* HERE
include(/icle/dloh/spice.dir/fad.dir/fad.spice)

*

include(/icsl2/dloh/spice.dir/models)

E ]

.end
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Simulation of cell: fad.mag (anc: 100 -> 101 -» 100y HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor 3ource/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W _drawn - Delta_w)
3 um model cards courtesy of mosia

I*ni&t*&#*ll

Cell Inputs

define(TD, 2ns)
define (TR, 2ny)
define (TH, 18ns)
define (TF, 2ns)
define(TL,ans)
define(PER,40ns)
define(TIME,42ns)
*

»

* / A

*  _/ c A\

* - HERE
VA 20 0 sv

VB 21 0 ov

VC 22 0 pulse(0 5 TD TR TF TH PER)

*

* Simulation Qutputs

* Prints inputs, cutputs, lcad output, and current use, respectively
*

*

HERE,
-tran 0.25ns TIME

‘Print trans v(22) v{40}) v(41) i (vdd)

-Print trans v(100) v(l01)

.options nomod ingold=2

.width cut=89

Pass cell output to subcircuit inputs (= loads)
Passing Vlocad Vemosp Yemosn Qutput subcktname

L I S

HERE
XCY¥bar 2 4 5 40 100 load

XSUMbar 2 4 5 41 101 load

x

include(/icle/dloh/spice.dir/load)
*

include(/icle/dloh/spice.dir/power)
* HERE

include(/icle/dloh/spice.dir/fad.dir/fad.spice)
*

include(/icsl2/dloh/spice.dir/models)

*
.end
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Simulation 9f cell: fad.mag (ABC: 11§ -> 111 -> 110} HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta W)
3 um model cards courtesy of mosis

LAE I I B BE

Cell Inputs

*

define (TD, 2ns)
define (TR, 2ns)
define (TH, 18ns)
define (TF, 2ns)
define{(TL, 18ns)
define (PER, 40ns)
define (TIME, 42ns3)

HERE
VA 20 0 sv

VB 21 0 5V

vC 22 0 pulse(( S T TR TF TH PER)

*
* Simulation Qutputs

* Prints inputs, outputs, load output, and current usge, respectively
-

* HERE

.tran 0.25ns TIME

‘Print trans v(22) v(40) w(41) i (vdd)

.print trans ¥{100) v(101)

.options nomod ingold=2

.width out=80

Pass cell ocutput to subcircuit inputs (= loads)
Passing Vlcad Vemosp Vomosn output subcktname

* & X N =

HERE
XC¥bar 2 4 5 40 100 load

XSUMbar 2 4 5 41 101 load

t 4

include(/icsl2/dloh/spice.dir/load)
t 3

include(/icsl2/dloh/spice.dir/power)
* HERE

include(/icle/dloh/spice.dir/fad.dir/fad.spice)

=

include(/icsl2/dloh/apice.dir/models)

~

.end
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Simulation of cell: cpa (AB = 10; C = | => 0 -3 1) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta_W)
3 um model cards courtesy of mosais

LA SN B B O Y

Cell Inputs

*

define (TD, 2ns)
define (TR, 2Zns}
define (TH, 28ns)
define (TF, 2ns)
define(TL, 28na)
define (PER, 60ns)
define (TIME, 6§2ns)

*

\ C /
A /

* A %

HERE
VAR 20 0 s5v
VB 21 0 Qv
VC 22 0 pulse(5 0 TD TR TF TH PER)

Simulation Qutputs
Prints inputs, outputs, load output, and current use, respectively

* % % &

HERE
.tran 0.25ns TIME

-print trans v(22) v(80) v(8l) i(vdd)

-print trans v(100) v(101)

-options nomed ingold=2

width out=80

*,

* HERE
* FAD SUBCKT: vdd Vemosp Vemosn A B C CYbar SUMbar

"
Xfado
Xfadl
Xfad2
Xfad3
*

* Pass cell output to subcircuit inputs (= loads)
* Passing Vlcad Vemosp Vemosn output subcktname

*

XCYbar 2 4 S 80 100 load

XSUMbar 2 4 5 81 101 load

*

5 20 21 22 50 51 fad
5 20 21 50 60 61 fad
520 21 60 70 71 fad
5 20 21 70 80 81 fad

o e
B 0

include(/icle/dloh/spice.dir/cpa.dir/fad)

*

include(/icsl2/dloh/spice.dir/load)

"

include(/icle/dloh/spice.dir/power)
* HERE

include(/icsl2/dloh/spice.dir/models)
L 4

.end
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S$imulation of cell: inv.fad.mag (A: 0 -> 1 -» Q) HERE

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of aim2spice
all transistor source/drain measurements made by hand
all transistor widths adjusted to Weff of each type
(Weff = W _drawn - Delta_W)
3 um model cards courtesy of mosis

X A % A X X A % % x

Cell Inputs

*

define (TD, 2na3)
define (TR, 2ns)
define (TH, 12ns3)
define (TF, 2na)
define (TL, 12ns)
define (PER, 28nsa}
define (TIME, 30ns)

*

/ \
/ A \

* % N x

HERE
VA 20 0 pulse(0 5 TD TR TF TH PER)

Simulation Qutputs
* Prints inputs, outputs, load output, and current use, respectively
*
* HERE
.tran 0.25ns TIME
.print trans v(20) v{21) i(vdd)
.print trans v(100)
-options nomod ingold=2
.width out=80

x

* Pas3 cell output to subecircuit input (= load)

* Passing Vlcad Vemosp Vemosn cutput subcktname

* HERE
XLOAD 2 4 5 21 100 load

x

include(/icsl2/dloh/spice.dir/load)

L

include(/icsl2/dloh/spice.dir/power)

* HERE

include(/icsl2/dloh/spice.dir/inv.fad.dir/inv.fad.spice)
*

include(/icsl2/dloh/spice.dir/models)

.end
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Simulation of call: dff .mag (D = 1; CLK: ¢ -> 1 ->0 HERE
D= Q; CLK: 0 -> 1 —» Q)

Notes: a1} inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2spice
all transistor source/drain measurements made by hand

Cell Inputs

»:rn-xt»:t:t&n»»n

define(TDC,2ns)
define(TRC,Zns)
define (THC, 10ns)
define(TFC,Zns)
define(TLC,lOns)
define(PERC,24ns)
*

define(TDI,Ons)
define(TRI,Ons)
define (THI, 2ins)
define(TFI,Ons)
define(TLI, 29na)
define(PERI,SOns)

define(TIME,SOns)

»

—_—
* / \ \
* / CLK \ / CLK \
— —_— —_—_—
* l
* D i
* HERE
VClk 10 0 pulse(o 5 TDC TRC TFC THC PERC)

VClkbar 11 ¢ Pulse(5 0 TDC TRC TFC THC PERC)

VD 23 0 pulse(0 5 TDpI TRI TFI THI PERI)

X

* Simulation Cutputs

* Prints inputag, outputs, load output, and current use, Tespectively
* .

* HERE
-hodeset v(43)=5y v(d42)=0v

-Zran 0.25ns TIME

-Brint trans v{10) v{43) v(42) L{vdd)

-Print trans v(1i00} v({1l01l)

-options nomod ingolde2

-width out=80

L 4

" Fass cell output to subcircuit input (= load)

* Passing Vload Vemosp Vemoan cutput subcktname

* HERE
XLQbar 2 4 5 43 100 load

XLQ 245 42 1901 load

i

include(/icle/dloh/spice.dir/load)
include{/icsl2/dloh/3pice.dir/powe:)

* HERE

include(/icle/dloh/spice.dir/dff.dir/dff.spice)

L4

i:cl;de(/icsl2/dloh/spice.dir/models)

*



.end
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Simulation of cell: rsff.mag (D = 1; CLK: Q0 => 1 -» 0
D= 0; CLK: 0 -> 1 -3 g)

Notes: all inputs = 2ns rise/2ns fall
all clocks = 2ns rise/2ns fall
transistors courtesy of sim2apice
all transistor source/drain measurements made by

{(Weff = W drawn - Delta W)
3 um model cardas courtesy of mosis

*Ill&&l‘ll&‘&h

Cell Inputs

define (TDC, 2na)
define (TRC, 2ns)
define (THC, 10nas)
define (TFC, 2na)
define(TLC, 10ns)
define(PERC,Zdns)
*

define (TDI, Ons)
define (TRI, Ona)
define(THI, 21ns)
define (TFI, Ons)
define (TLI, 2%ns)
define (PERI, 50ns)

w

define (TIME, S0ns)

%*
*

. / \ / \
7/ CLK \ / CLK \
&

. l

b D ]

*

VClk 10 0 pulset(d 5 TdC TRC TFC THC PERC)
VClkbar 11 0 pulse (5 ¢ TDC TRC TFC THC PERC)

i

vD 23 0 pulse(0 5 TDI TRI TFI THI PERI)

*

VPRESET 16 0 0v

*
Simulation Qutputs

* .
* Prints inputs, outputs, load output, and current use, respectively
*
*

HERE
-nodeset v(43)=5V v (42)=0V
-tran 0.25ns TIME
-print trans v(10) v(43) v(42) i(vdd)
.print trans v(100) wv(101)
-options nomod ingold=2
.width out=80
L
* Pass cell ocutput to subcircuit input (= lopad)
* Passing Vlcad Vemoap Vemosn cutput subcktname

HERE
XLQbar 2 4 5 43 100 load,
XLQ 2 4 5 42 101 load
include(/icsl2/dloh/spice.dir/load)
”
include(/icle/dloh/spice.dir/powerj
bl HERE

include(/icsl2/dloh/spice.dir/rsff.dir/rsff.spice)

»

HERE

hand

all transistor widrhs adjusted to Weff of each type

HERE



include (/icle/dloh/spice.dir/modela)

.end
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Simulation of cell: sff.mag (D = 1; CLK: ¢ => 1 => 9 HERE
D =20; CLK: ¢ -> 1 -> Q)
Notes: all inputs = 2ns rise/2ns fall
all clocks = 2na rise/2ns fal)
transistors courtesy of sim2apice
all transistor source/drain measurements made by hand
all ctransistor widths adjusted to Weff of each type
{Weff = W_drawn - Celta W)
3 um model cards courtesy of mosis

i‘*&ﬁ'll*&‘l’&

Cell Inputs

*

define (TDC, 2ns)
define (TRC, Zna)
define (THC, 10na)
define (TFC, 2ns)
define (TLC, 10ns)
define (PERC, 24ns)
*

define (TDI, Ons)
define (TRI, Ons)
define (THI, 21ns)
define (TFI, Cns)
define(TLI,29ns)
define (PERI, 50ns)
*

define (TIME, 50ns)

*

*

* / \ / \

* / CLK \ / CLK \

*

* | ’

x D |

* HERE
VClk 10 0 pulse(0 5 TDC TRC TFC THC PERC)

VClkbar 11 0 pulse(5 0 TDC TRC TFC THC PERC)

n

vD 23 0 pulse(0 5 TDI TRI TFI THI PERI)

*

VPRESET 16 0 0V
*x
* Simulation Cutputs

* Prints inputs, outputs, load output, and current use, respectively
x*

x HERE
.nodeset v(43)=5V v(42)=0V

.tran 0.25n3 TIME

-print trans v(10) w(43) v(42) i(vad)

.print trans v{100) v{101)

.cptions nomod ingold=2

.width out=80

Pass cell output to subcircuit input (= load)
Passing Vlocad Vemosp Vemosn cutput subcktname

* o & ®

HERE

XLQbar 2 4 5 43 100 locad
XLQ 245 42 101 lcad

w

include(/icsl2/dloh/spice.dir/lcad)
*

include (/icsl2/dloh/spice.dir/power)
* HERE

include(/icsl2/dlon/spice.dir/sff.dir/s3ff.spice)
*



include(/ical2/dioh/spice. dir/models)
”*

.end
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Simulation of cell: buff .mag (4 branches @ 2¢ gates) HERE

Notes: buffer transistor widths = 1§ lambda
simulation of 1 trunk, 4 branches @ 20 gatea/branch

all inputs = 2ns rise/2ns fall

all clocks = 2ns3 rise/2ns fall

all transistor 3ource/drain measurements estimated

all transistor widths adjusted to Weff of each type
(Waff = W_drawn - Delta W)

3 um medel cards courtesy of mosis

Cell Inputs

*ln**!&*l*lkl’t

define (TD, 2na)
define (TR, 2ns)
define(TH,12ns)
define (TF, 2ns)
define(TL, 12na)
define (PER, 28ns)

define(TIME, 30ns)
E

Ll
-_—

* / \

* / A \

* HERE

VA 20 0 pulse(d 5 TD TR TF TH PER)

Simulation OQutputs
Prints inputas, outputs, lcad output, and current use, respectively

HERE
v{2l} = input to trunk buffer

v(51l) = result at input ta branch buffer

v(33) = result at end of branch

*li**—l**'

-tran 0.25ns TIME

-print trans v(21} VI{31l) 1(Vtbuff)

-Print trans v{51) v(53) i{Vbbuff)

-Print trans v(21) v(53)

-9ptions nomod ingold=2

.width out=80

x HERE
include(/icle/dloh/spice.dir/inv.dir/inv.spice)

k 2 45 21 50 buff
Rtrunk 50 51 60
x 51 0 .518pF

Koufferl 3 4 5 51 52 buff
ranchl 52 53 branch2?0

Xbuffer2 1 4 5 S1 62 buff
Xbranch2 62 63 branch2o
Xpufferd 1 4 5 51 72 buff
Xbranch3 72 73 branch20
Xbufferd 1 4 5 51 82 buff
Kbranch4 82 83 branch20

¥

include(/icsl2/dloh/spice.dir/buff.dir/buff.spice)

in:lude(/icle/dloh/spice.dir/buff.dir/branchZO)

®

in:lude(/icsl2/dloh/spice.dir/buff.dir/lump)



L

* Standard power, pwell,
* Buffer power isolated £
*

5v
3v
5v
s5v
ov

and substrate voltages
rem standard power by Subcircuiting

include(/icle/dloh/spice.dir/mcdels)

”
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2.2 Spice Resuits: Final (Critical Paths)




Notes:

Cell Inputs

*n&il»*ll*l

define(TD,2ns)
define(TR,Zns)
define(TH,?Sns)
define (TF, 2ns)
define(TL, 75ns)
define(PER,154ns
define(TIME,lOOn

/ phil

X % x % %

Vphil 3¢ 0
VPRESET 16 0
L 4

Simulation Ou
x
-*

.tran 0.5%ns TIME

/

Simulation of tritical path; critpath (sqr root: phil -> phi2)

all clocks = 2ng rise/2ns fal}
transistora courtesy of sim2spice

all tr
all «r

ansistor source/drain meéasurements made by hand
ansistor widths adjusted to Weff of each type
(Weff = W_drawn - Delta_W)

3 um model cards courtesy of mosis

)
s}

\
\

pulse
0

tputa

—_—_—

(0 5 T™ TR TF TH PER)

HERE

.Print trans v{30) wv(80) v({6l) v(71)
-Print trans v{81) v{91) v{ldl)

-Print trans vi(lll) v(121) v(131)

-Print trans vi(l4l) wv{151)

-2Ptions nomod ingold=2

VI{60)=5 v(g1l)=0 Vv(71)=5 v{g81)=0 V(9l)m§

‘nodeset v(51)=s5
-nodeset v (101) =
~wideth out=80

* BUFF
* NCR2

* TNV

* RSMUXEF
* MUX

" NCR3

* FAD

Xphil
Rbranch
Zbranch
Xnor2a
XKinv
Lrsmuxff
Xnoe2B
Xmux
Xnor3
Xnorzc
*

Xfadl
Xfadz

-

Xlcad

o

5 v(l1

SUBCKT:

1)=0 v(121)=5 v(lll)=§ v{l4l)=5

vdd Vemosp Vemosn A B

SUBCKT: vdd Vemosp Vemosn A B c
SUBCKT: vdd Vemosp Vemosn A B

SUBCKT: vdd Vemosp Vemoan DO D1 5 sbar Q Qbar cLx CLKbar PRESET
SUBCKT: vdd Vemosp Vomosn DO D1 3 skar g Qbar

SUBCKT: vdd Vemosp Vemosn A B CcCD

SUBCKT: vdd Vemoesp Vemosn A B C CYbar SUMbar

1 4 5 50 51 buft

51 60 31

60 0 .24pF

1 450 60 61 nor2

1 456171 inv

14510001 81 82 61 71 18 rsmuxff

1 450 81 91 ner2

145910001 101 102 mux

14500 101 111 nor3

14511190 121 nor2

14501 121 132 131 fad

14501 131 142 141 fad

2 45 141 151 load

include(/icle/dloh/spice.dir/phil_phiz.dir/subckt.buff)



include(/icsl2/dloh/spice.
include(/icsl2/dloh/spice.
include(/icle/dloh/spice.
include(/icle/dloh/spice.
include(/icsl2/dloh/spice.
include(/icsl2/dloh/spice.
L

include(/icle/dloh/spice.
*
include(/icle/dloh/spice.
*
include(/icle/dloh/spice.
x

.end

dir/phil_phi2
dir/phil_phi2
dir/phil_phi2
dir/phil_phi2
dir/phil_phi2
dir/load)

dir/power)

dir/models)

.dir/subckt .
.dir/subckt
.dir/subckt
.dir/subckt
dir/phil phi2,

nor2)

.inv)
.rsmuxff)
.mux)
dir/asubckt.
.dir/subckt

nor3l)

.fad)

HERE



critical path: square root (phil -> phi2)
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V(nor2)
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V(phil)
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TIME (ns)



V(mux)

Y(nor2)

V(rsmuxff)

critical path: square root (phil -> phi2)
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V(nor3)
—

critical path: square root (phil -> phi2)
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Simulation of critical path: critpath (sqr Toot: phi2 -> phil)

Notes: ail clocks = 2ns rise/2Zns fall
transiscors courtesy of 3im2apice
all transistor source/drain measurements mada by hand
all transistor wideng adjusted to Weff of each type
(Weff = W drawn - Delta_w)
3 um model cards Courtesy of mosis

Cell Inputs

Jtltlll‘ln‘ilt

define (TD, 2ns)
define(TR,Zns)
define(TH,75ns)
defina(TF, 2ns)
define(TL,?Sns)
define(PER,154ns}
define(TIME,lOOns)

*

* / \
* / phi2 Y
- _—
¥
x
_ . —_—
* \ phi2bar /
* \ /
* ‘ HERE
Vphi2kar 350 o pulse(S 0 ™ TR TF TH PER)
Vphiz 60 0 pulse(d0 5 T TR TF TH PER)
VPRESET le ¢ 0
*
* Simulatien Cutputs
*
* HERE

-tran 0.Sns TIME

-Print trans v(60) vi{71l) v (31) v(102)

-Print trans wv(l11) vi{lZl) wv(131)

.Print crans v{l4l) w{151} vile2)

-Print tranas v(17:) v{l81l) w{1%1)

.CPtions nomed ingold=2

-ncdeset v (71) =5 VI8l =0 v(01)=5 vil02) =5 v{l1ll)mg v{l2l)=5 v(131)=Q
-Ncdeset v(l4l)ms v(lS1l)=9 v{lg2)=5 v{lTl)m=( v(l81)=5 Vv(l31l)=0
-width oun=3gQ

x

¥ 30rF SUBCKT: vdd Vemosp Vemasn

* RSFF SUBCKT: vdd Vemeosp Yeomosn Qbar CLK CLKbar PRESET
* TAD SUBCKT: wvdd Vcmosp Vemosn C CYbar SUMbar

IR

b3

NVFAD SUBCKT: vVdd Vemosp Vemosn

o v I
Uowwo w

* NANDZ  SUBCKT: wvdd Vemosp Vemosn c

* NCR2 SUBCKT: vdd Vemosp Vemoan c
XohilZbar 14550 51 buff
Xphi 1 45 560 61 buff
Xraf 145 07172 351 6l 16 raff
Xbuffl 1 45 71 81 puft
Rtruck 81 82 25

Ctrunk 82 ¢ .345pF

Xoulizz 1 45 352 93 buff
Roranch 31 92 25

Czranch %2 0 .lgspF

XEfadl 14510 92 101 102 fad
Miag? 14519 102 111 112 fad
wZad3l 1§51 9 111 121 122 fad
XEad4 14351090 121 131 132 fad
{Z3ds 14510 131 14: 142 fad



Xfadé 14510 141
XZad? 1 4510 151
Xinvfad 1 45 162 171
Xnand?z2 1 45 1171
Xnor2 1 458 0 181
"

XKliocad 2 4 5 191 201

x

include(/icsl2/dloh/spice.
include({/icsl2/dlcoh/spize.
include(/icslZ2/dloh/spice.
include(/icsl2/dloh/spice.
include(/icslZ/dloh/sapice.
include(/icsl2/dloh/spice.
*

include{/icsl2/dloh/spice
o
include(/icsl2/dloh/spice.
™
include (/icsl2/dloh/spice
L

.end

151
161

152
182

181
191

dir/critpath.
dir/critpach,.
dir/critpath.
diz/critpath.
dir/cricpach.

dir/critpath

.dir/load)

dir/power)

.dir/models)

fad
fad

invfad

nand2
nor2

load

dir/subckt
dir/subekt

dir/subeckt.
dir/subckt.
dir/subckt.
.dir/subckt.

.buff)
.r3ff)

fad)
inv, fad)
nand2}
norld)

HERE
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