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S EMI ST

FA 1: Inverter 2|25 21 T Al =2]|0]; Xschem,
Ngspice, Magic

| [5u/0.18u/1

M2

__ 5u/0.18u/1

M1

E| 3|2& NgspiceS -

2Hdst QI
0| 235}0] Testbench 2EE 2HA3|
Al=2|o] M st Auto|Ck

U HYS HIHA|F| = QUHE{Q|
eSS & sdst= AS Qg
ULE,

File Edit Options View Properties Layers Tools Symbol Highlight Simulation Help Metlist Simulate

B« »X%0iOx P 352 70D | —0O0RANOQ 4.7

nverterl.sch| +

< Xcheme 0| 835}0] 2t 35t Inverter?|
CMOS =|2=0|C},

xschem - inverteri.sch

COMMAMNDS

SIM=naspice

.include ~/ETRI®50 DesignKit/tech/05cmos model 240201.1lib
.dc vin @ 5 0.01




S EMI ST

T 1: Inverter 2|2 % 214 2 AlE8|0] 4] Xschem,
Ngspice, Magic

layout1

File | Edit Celll Windowl Layersl Drcl Optionsl ¥/ DRC=0| Loaded: (UNNAMED) Editing: (UNNAMED) Tool: box Technology:s (+5.7-2.1) +4.5-1.65 microns

+|

o Jerrors
Jlabels File Console Edit Interp Prefs History Help
ﬂsubcell - =
N I % ;nval;d command name "Root"
e % invalid command mame "width"
| pwel % invalid command name "microns:"
3 n_field_implant % invalid command name "lambda:"
Zﬂ e % }nval;d command name "internal:"
| p_Tield_Iimplant % invalid command name "%"
__Jnsehct % invalid command name "Unknown"
__Jpsehct % invalid command name "%"
% invalid command name "Root"
_|electrode % invalid command name "width"
ES]elearodecontaa % invalid command name "microns:"
__Jehcuodecap % invalid command name "lambda:"
i % invalid command name "internal:"
!genencpoly2contact Root ce'L'L bUX:
ﬂm—ransismr width x height ( 1ix, 1y ), ( urx, ury )} area (units™2)
g"fm"f_"m' microns:  ©.150 x 8.150 ( 1.950, -0.150), ( 2.160, ©.800) ©.823
[ diffusion lambda: 0.50 x 0.50 ( 6.5, -0.50 ), ( 7.0, ©.00 ) 0.25
| transistor internal: 1x1 ( 13,1 ),( 14, 8 ) 1
__Jndﬁfuﬂon Root cell box:
width x height ( 1ix, 1y ), ( urx, ury )} area (units~2)
deiffusion
[ ndcontact microns: ©.150 x ©.150 ( 1.950, -0.150), ( 2.108, 0.080) ©.023
Epdcontact lambda: 0.50 x 0.50 ( 6.58, -8.50 ), ( 7.00, 0.00 ) 0.25
internal: 1x1 ( 13, -1 ), 14, @ )1
1| psubstratepdiff %, % paint pdiff
_JnsubirmEndﬁf invalid command name "%"
Mpsubstratepcontact :z E:i:i Edlff
[ nsubstratencontact No cell selected to edit.
- % erase
powsmcon No cell selected to edit.
[ polycontact No cell selected to edit.
¥ [4 genericcontact No cell selected to edit.
= # ijetall erase

% drc on
Created database crash recovery file /tmp//MAG4631.GT1wPu
%

> Magic2 0|25} Inverter2] 2i|0|O}
S|2 & #/dst= tgolct,

layout1 - a x

File | Edit | Cell | Window | Layers | Drc | oWl | DRC| Loaded: inverterrr Editing: inverterrr Tool: box Technol  (+18.3-2.7) microng

ol Jermrs 5

Jlabels
File Console Edit Inter ﬂsubcell
s N nwell
errors J pwell
labels o - -
cubcell >N n_field_implant
connect 2 p_field_implant
% paint pdc
% paint ndc Jnselect
% paint ndiff
% paint pdiff _|pselect
% paint wl | electrode
% paint ndc
% Eaiwt pdiff @electrodecontact
% paint ml
% paint pdc Jelectrc-}decap
! genericpoly2contact

ﬂ ntransistor 1

ﬁ ptransistor

J diffusion

Jtransismr

J ndiffusion

J pdiffusion

o 2"*" =I- ol @ ndcontact

2|7t 2Hdet QIHE S == %Pdczga; »
psubstratep

Zlojo #| 2oL}, — B
nsubstratencontact

! polysilicon
GND %I @ polycontact

| ﬂ genericcontact
J metall

J pseudo_rmetall
¥
=l =l =l J rmetall




S EM I ST

FA 1: Inverter 2|25 21 T Al =2]|0]; Xschem,
Ngspice, Magic

layout1 layout1

LUGTARECTEAR A e st | DRC| Loaded: inverterrr Editing: inverterrr Tool: bq

N\

it | Cell | Window | Layers | Drc | Options || el {el EERETs =Y BTy iT=T S C 4 [ e v K=

AN

NN

xxxxx

EREL T

\\\\\

N

Voul
Win ;

- PMOS2| widthE =2{A Al&E2]|o]d
2115 H| w2 7|2 S5HRICE.

N N A %

-> =F Fole] azjzot
width7} 221, 2 2%
=I4e| aej=}
width7} £ je]
Azfjzo|ct, PMOSe]
: _ | | width?} S7}st £+
u-sweepa'é v £210| HIME|= QL]
21217} (+) wao=
shift £l 2.5 0|C},

3.
v-sweep V

2.
V-sWweep




S EMI ST

ZA| 2: 8T SRAM bit cell 3|2< 2HA

GND \{ID_P BL
N-Well
= Poly
[E Active
Metal1
RWL
. Contact

- SRAM bit cell®] 6T

B 23} 8T H 49| 2f|o]of=
S|2 T & LIEfH O7lo|ct,
0|S0f|M F2|= ofzHe] 8T
SRAME] bit cellE $2|2]
slo= 2™ 7|2 5H9L}

> 2317}
MagicS 0| &3}0f
A2l 8T SRAME|
cf|ojorR
2|2 T 0|C},




S EMI ST

ZA| 2: 8T SRAM bit cell 3|2% 2Hd

timestamp 1779258393

version 8.3

tech scmos

style lambda=1.0(scna20_orb)

scale 1000 1 50

resistclasses 26670 59550 23860 19690 27260 2000000 49 26 2505830

port "GND" 4 145 -74 157 -39 m1

port "GND" 4 73 -74 85 -37 m1

port "VDD" 3 24 -73 36 -35 m1

port "WBLB" 6 -51 -74 -39 -31 m1

port "WWL" 5 -85 -13 -84 -1 p

port "RWL" 7 182 16 185 28 p

port "WWL" 5112 16 114 28 p

port "QB" 9 -39 1 -4 13 m1

port "RBL" 2 145 46 157 83 m1

port "Q" 8 36 -2 73 10 m1

port "WBL" 1 73 45 85 84 m1

port "VDD" 3 -4 50 8 84 m1

port "GND" 4 -51 53 -39 85 m1

node "GND" 38 4653 145 -74 m1 280680000000000564 1180000
node "GND" 31 5217 73 -74 m12246000000000005881220000
node "VDD" 64 211524 -73 m10024062000000006001240000
node "WBLB" 36 5922 -51 -74 m1 266 66 00000000006601340000
node "a_144 n9#" 48 0 144 -9 ndiff 350 780000000000000000
node "WWL" 117 10785 -85 -13 p0000708142000000 144480000
node "RWL" 111 1019418216 p 0000672136 000000144480000
node "WWL" 958618 11216 p 0000576 120000000144480000
node "QB" 491 25958 -39 1 m1 350 78 378821980354 000000 11042080000

100.0
time ns

vigb)

* 8T SRAM Cell Full Lifecycle Testbench (All Signals Plot)

*

.model nfet nmos (vto=0.5 kp=120u)
.model pfet pmos (vto=-0.5 kp=40u)

.include sram8t.spice

Vvdd VDD 0 DC 1.8

* - [EtO[Y HA (7HE 20ns Ol 7 M E)] ---

* 1. WWL Z2: 10ns(Write 1), 70ns(Write 0)0] ZFZF 20ns &2t On

Vwwl wwl 0 PULSE(O 1.8 10ns 0.1ns 0.1ns 20ns 60ns)

* 2. RWL E 4: 40ns(Read 1), 100ns(Read 0)0f ZtZ 20ns &St On
Vrwl rwl 0 PULSE(O 1.8 40ns 0.1ns 0.1ns 20ns 60ns)

> 2t 5t bit cell
3|27} A=

2S5 5f=A| 2ofE7|
LISt HAEHIZ] I EE

-_—
21 got ALt

* 3. WBL / WBLB O|O|E: 0~60ns 7+ Data 1(1.8V/0V), 60ns~130ns T-ZH-2 Data 0(0V/1.8V)

Vwhbl whbl 0 PULSE(1.8 0 60ns 0.1ns 0.1ns 70ns 140ns)
Vwblb whlb 0 PULSE(Q 1.8 60ns 0.1ns 0.1ns 70ns 140ns)

* -— [RBL Z2|AHX| /] -
Rrbl rbl VDD 100k

Crbl rbl 0 30f

jic V(X1.Q)=0 V(X1.QB)=0

X1 whbl rbl VDD 0 wwl wblb rwl g gb sram8t

.control

| AlEd|o]d Z2E

2= LIE[LH Zio|C},
SRAMZ| write, read
7150| At 2 &-Fst=

(=)
A & 4 UUCH

- O % tran1: 2. Word Line Controls (WWL, RWL) - o x

PostScript

PostScript

PostScript
[cyg |

PostScript
[ ]




S EMI ST

A 3: C/Verilog-to-GDS; Qflow, Yosys, Graywolf,
Qrouter (FIR 2 E{ AA|)

Synthesis

Verilog
source
file
Y Yosys
BLIF
netlist
Yosys/ABC
mapped
BLIF
netlist
blifFanout
blif2cel
decongest

.cel input for
placement

y place2def

DEF file

Ubuntu 64-hit - VMware Workstation 17 Player (Non-commercial use only)

Player ¥

‘P%. "

find: “./layout/fir8.par’: No such file or directory

—

% O

5227 15: 52

jay@jay: ~/ETRI050_DesignKit/Tutorials/2-7_Lab5_FIR8_rtl_ETRI050

Makef
projeq

gqflow place -

Regenerating
Qrouter detai
Reading LEF d

make place

lef.

LEF
LEF
LEF
LEF
LEF
LEF

Read,
Read,
Read,
Read,
Read,
Read,

Lin
Lin

btri®50_stdcells.

Lin
Lin
Lin
Lin

Jjay@jay: ~[ETRI0S0_DesignKit/Tutorials/2-7_Lab5_FIR8_rtl_ETRIOS0

remaining: 3400
remaining: 3300
remaining: 3200
remaining: 3100
remaining: 3000
remaining: 2900
remaining: 2800
remaining: 2700
remaining: 2600
remaining: 2500
remaining: 2400
remaining: 2300
remaining: 2200

remaining: 2100
remaining: 2000
remaining: 1900
remaining: 1800
remaining:
remaining:
remaining:
remaining:
remaining:

remaining:

.cel2 pin oot "
roject vars.s
E}ifsrflilleem (optional) ls) etLle e (affects all parts of the flow)
Gl Qrouter Magic
é” >

- pll, pl2, pin = Annotated = SPICE netlist
= placement g DEF file 2 .sim netlist
g results [ o GDS2 output
>
o
p—
=

Ubuntu 64-bit - VMware Workstation 17 Player (Non-commercial use only)

& 0N

Player ¥

Cell | Windowl Layersl Drcl Options oaded: firg Editing

qrouter

- Verilog I}Y-S GDS
1419] 2j|0] O} R77kA]|

ol
>
10

ol 1

I3
0
Hu

>

H32E Qflowe]
LEpH
olct.

m 44 4 oy o
2= N on @

H i

DFFPOSX1

SRAMB8T.mag

JJermrs

~ |labels

FIEINOR2X1| DFFPOSX1 L
£ _OBG4 FLELE ¥ 1 inse

il CLKBUF1 DFFPOSX1
ML 05

105 L

TEIEIL AN D 2X I [ FRiEiE

[ subcell
= nwell

~|pwell

DFFPOSX1

Y n_field_implant
| p_field_implant

7074 rumisipgssedes |nselect

| pselect

_|electrode

9679~

DFFPOSX1

[<] electrodecontact
_|electrodecap

DFFPOSX1 DFFPOSX1

! genericpoly2contact
[ ntransistor

B# ptransistor

FILE]

_9678 _10518_

[ diffusion
[ transistor

DFFPOSX1 CLKBUF1

DR2XZFIHH

__7076rIFLd R 1 _inserie)s

597 05

DFFPOSX1

_10515_ fum

[ ndiffusion

[ pdiffusion

Al21x1 | ] ndcontact

[ pdcontact

| psubstratepdiff

| 4 nsubstratendiff

@ psubstratepcontact

N b ontact

DFFPOSX1 DFFPOSX1 DFFPOSX1

1 9642 _10514_

ELEIEINAND 2
TH;F T

DFFPOSX1
96762

M| polysilicon
DFFPOSX1 4 [ polycontact

10516  Fu iag [] genericcontact
) B | metall

ﬂJpseudofrmetall

¢ QflowE FE310 FIR ZE{E MAlsH 24,

24} 3| 2T o|Ct,
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