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VERY LARGE SCALE INTEGRATED CIRCUIT DESIGH

JETSADA PHATTANAFPHAISANCHAI
CHALEOM CHATTRAKUL

:+ADVISOR

SOMKIET SUPDACH

SOMSAK  CHUMCHOUCH

Abstract

This thesis describes the design of Very Large Scale Integrated
Circuit using of University of New South Wales

The project that works in specific chip are compose of

1. Timebase circuit ¢ 1t can generate four period ranges § 1 sec

16 secy 1 minute and 1 hour

2. Switch circuit : To select one of four ranges and start to work

3. Encoder circuit : Use for encode a series of data from keyboard

4. Decoder circuit : It is BCD-to-Seven Segment Decoder and Display

driver,

5. Storage register ¢ To store a series of data from Encoder and

pass it to decoder
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switch(cing a, b

n
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case(1,
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default:

1

O

1)
0)

i

cout.

cout

1

cout.

coul

sum

sum

sSum



HAWUIN
MOS TRANSISTORS

MOS Transistor

N

n - tQDe p ~ type
/ \\
depletion enhancement enhancement
Technology nMoS ) CMOS
Primitive n <+ type enh. n - type enh.
n - type dep. p - type enh.

Technology Primitives

dofansun lunig i Bonduene o

~ Wdumeres v, uay GRD mstHulane oiaiiu ('ﬁwﬁwLﬁuawaﬂﬁ%uRQQQWﬂ
RN REA R

- 914 polysilicon 817 9 MTaEiasuT ENE LAY LW IEANE I IRY
A lideuti g

- fedrtnmafugnedunn et e il

Choice of Layers

LAYER R c COMMENTS

METAL LOW LOW GOOD CURKENT CAPABILITY WITHOUT LARGE
VOLTAGE DROP.....USE FOR POWER DISTKI
BUTION AND GLOBAL SIGNALS.

K ILICIDE LOW MODERATE | MODEST RC FRODUCT.  KEASONABLY LONG
WIRES ARE FOSSIBLE. SILICIDE IS USED
IN FLACE OF POLY | SOME nMOS PROCESSE

POLY HIGH MODEKATE RC PRODUCT 1S MODERATE HIGH IR DROP.



HARD TO DRIVE IT.

DIFFUSIONJ MODERATE H1GH MODERATE 1R DROP BUT HIGH C HENCE

Electricasl Rules

LAYER MAXTMUM LENGTH OF

COMMUNICATION " WIDE "

METAL - 20,009 T~
SILICIDE . 2,000 7~
POLYS!ILICGNE 200 ™
DIFFUSION 20 ™ *

% Taking account of peripheral and areas capacitances.

DESIGNER 'S RULES of THUMB

1. GENERAL RULES

-  Number of pass transistors in a chain should not be greater
than 4 (ave. delay through chzin = ave, inverter delay)

- Retention time of charge is approximately 1 me (actual 1 s-
10 ms)

-~ Clock overlap may cause ' See Through " effect.

- Floating pass trensistors may NOT drive gates of other
pass transistorse,

- To drive larse capscitive load with minimal signal delay,
zach driver stage is e ( = 2.7 ) times bigger than the previous stage

(minimises totzl delay throughl successive driver stages)

0SS RULES
- n-type transistors passs & signals with no threshold voltage

drop.

[}



- n-type transistors pass 1 signals with threshold voltage

drop: Vbt

- QOutput from a pass transistors may not drive the gate of

another pass

transistor,.

- A pull-up/pull-down L/W ratio of 4:1 is used to guarantee

Vol output from a gate being driven from a pass transistor.

- To

achive symetrical drive use superbuffers,

~ Recommended fsanout from a gate (pull-down directly attached)

without provi

- A4

CMOS RULES

ding extra drive, is 3 to 4.

wire can drive 108 minimum size (8x2 ) depletion Tr

pe transistors pass 1 signals with no Lhreshold voltage

- p-type transistors pass @ signals with threshold voltage

- n-type transistors pass 1 signals with threshold voltage

-~ n-type transistors pass @ signals with no threshold voltage

- pty
drop.
drop:-Vt.
drops:-Vt.,
drop.

- Transmission gate outputs can drive gates of other transmis-

-sjon gate t
~ Mobi

. + .
inn materi

ransistors.

l1ity of holes in p + material is half electron mobility

al.

- A p'/n’ channel L/W (2 /Z_) retio of 1:i2 is used for

mobility compensation when symmetrical gste performsnce is required.

- Anti

further than

~latchup requires that no part of p-well should be
30 from a pt(Vss)-tie.
Anti-latchup reguires tLhat no part of the n- substrate should be

further than 62 from a n' Vdd—tie

_nnnasegniliy ( Design Rule )
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( b ) After worst—case alignment. ( Features are
rounded af'ter processing )

Figure 2 Effects of misalignment and change in fealure size.
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NAwtan 3

D Flip Flop with Reset (DFFR) .
Inputs: ! ,D,CK,CK
Dutpute: @,a FUNCTION TABLSE
; — .
Input Cap. iD:D.041pF i 0O CK CK R Q a
. i .
CK:0.088pF joe ~ 7 H i L H
| j {
CX :0.100pF i #™ /oM ow L H
H
i i
] 10.154pF H (e Y H NO Change
: ;
Cmll Sizce@:17 grids wide X X %\ \d i L H I
M2 grids High X = Don‘’t Cara

SWITCHI MG CH ” CTERISTICY ( Invut tr, tLtF=2.5ns, CLzO.SpF)
Nom. Worst Cace ODelay Eaguations
Ry Paramaster vDD=5YvV vDD=%.5V Nominal Cass,.VDD=35
T =285C T =70C T =aASC T =125C T =25C
LtPLH Propagation Deliay, 3.0 5.5 8.7 T.5 LtPLH=2.36+(1.134c58CL)
LPHL CK,CK to Q 2.8 5.9 6,2 &.8 tPHL=2.25+(1.113%2CL)
LPLH Propasdation Dalay, 3.6 7.8 8.0 g.a LtPLH=3.08+(1.083sCL)
LPHL CK,CX Lo @& 4.7 10.0 10. 4 t1.35 LPHL=4.19+(1.108#%#CL)
LtPHL Propagation Delay, 2.2 1,6 3.8 3.4 LPHL=3.62+(1.120«CL?}
R to Q
tPLH Propagation Delay, 3.6 7.7 8.qQ 8.9 CtPLH=2.97+(1.2458CL)
R to Q
e Quitput Risea Timae,Q 1.8 3.8 3.7 +. 1 Lr=0.70+(¢2.111&CL)
L€ OQutowt Fall Timwe,Q 1.5 3.2 3.3 3.8 LEF=0.58+¢(1.330¢CL)
tr OQutput Riade Time,Q 1.7 3.4 ;.5 3.3 Lr=D.680+(2.133ECL)
L OCutput Fall Tinme,Q 1.8 3.7 3.9 3.3 LF=0.83+C1.8337&8CL)
Dynamic Current at {1 MHz Mo Load Cildd): Suna
42 Theswe eauations are valid for cuse® at VDD=SV and T =23SC.

calculations at

tHhe nominal

other conditions, 3we Section 3 of tLHis manual.

For

UntIT

mns

ns

s

L2k}

ns

ns



TIMING REQUIREMENTS

Swm Faramater Mindimum Reguirements
QO to 70C 40 to B65C 55 to 1zBC UNIT
teu Setup Time
D to CK 6.2z &€.8 T .2 e
th Hold Time
C¥ o D 0.0 0.0 c.0 ne
tw FPulee Width-
CRrOLDY 11.8 12.3 153.8 N
/
CK(H)? 11.6 12.3 12.8
R 11.8 12.3 13.E
FUNCTIONAL DIAGRAM : DFFR
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D Flip Flop with Reset Positive Edge Triggered (DFFRP)

Iinp

Qut

Inp

Ce 1

SWITCHING CHARACTERISTICS

Sym

LPL

tPH

LPL

tPH

LPH

tPL

tF

te

L% >

Ovymn

e« THeswe sgquations armw

uts: R »D,CK

suta! Q.0

ut Cap.: D:O
CK:
R H

1 Si1ze: 20 4
12 =

Paramwt
H Propadatio
. CKX teo Q
H Propadatio
L CK to Q@
. Propagatio
R to Q
H Propagatio
R to Q
Output Ris
OQutout Fal
OQutput Ria
Output Fal
amic Curcrent

Calculations

FUNCTIONM TAZLET

LOFLoF D CK R a Q
0.0s58pF L S H L H
0.018pF H /T A H &
rids widwe X ™™N_ H Neo CHandga
rids high P L =
XKzDon "t Cara
4 fnput tr,LfF=2.5ns,
Hor ., Worst Casa
@ vDD=3VYV VDD=%.5V
T =225C T =7QC| I =88C T =
.
n Delay., +.2 8.9 3.3 i
i
4.2 8.7 > L 1
n Dalay, 3.0 10. 4% LO.; 1
: 5.9 12.3 12.9 1
" DPelay, 2.2 <+, 6 4.8
n Delay, 3.8 7.7 2.0
@ Time,Q 1.8 3.6 = 3.3
1 Time,Q 1.6 3.2 3.3
@ Time,Q 1.7 3.3 3.6
1 Time.Q 1.8 2.6 3.a
at. 1 MHz No Load (ldd): GBua
valid fFor the nominal casw

at othmr

TIMING REQUIREMENTS

conditions,

Q.

Q.

2.

+.

px]

3.z

CL=20.5nF)

Delay Sauat

Nominal Case
T =28C
LPLH=3,.684+(C 1
LPHL=3.63+ (1
LPLH=4, 44+ (1

tPHL=5.34+ (1L

tPHL=1.60+(C1

LPLH=2.968+<(

Ltr=0.70+(2

LF=0.57+C1

Lez0.80+(C2

LEF=0.82+(«

at VYOD=5SY and T

sawe Section &+ of this manual,

1

1

1

ons

vpD=5V

1S3 ¥CL)

1OSKCL)

o92a&CL)

125%CL)

129sCL)

s 2458CL)

113x2CL)

2981 8CL)

1L398C L)

.387&CL)

UNIT

neo

ns

ns



S v Parameter Mindmumnm Raeguirements
0 te 70C 40 to BESC ES5 to 12BC unit

t mw Setup Time

D to CK 5.9 6. 6.9 ne
th Hold Time

CK to D L 4.3 4.8 e
tw Pulee Width

CKCL) i1.8 12.3 13.8 ne

CH(H) 1148 12.3 15.8
| r 11.86 12.5 13.8 J

FUNCT JONAL DIAGRAM : DFFRP
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- D Flip Flop with Set & Reset Positive Edge Triggered

faputbtae: 3 LD,CK.R
Outputs: Q,a
fnpwt Cap.:15 :0.180pF
D:0.080wvF
CK:0. 100QpF
R :0.180pF
Call Siza: 25 grids wida

SWITCHING CHARACTERISTICS

LPLH

LPHL

LPHL

LPLH

vPLH

LPHL

tPLH

tLtPHL

tPLH

LPHL

grids high

t8otH ocoutpurts will

output Btates are unpradictable

’
Parameim:

Propagation
CK to Q

fropagation

Propagation

= to QG

Propag.éion

5]

Lo

Propagat iosn

D to A

Propagation

CK to @

De layv,

Daalay.

Dalay,
i

Delnay,

Dalay,

Dalay.,

Dwlay,

FUNCTION T4

5 LE

= .
S D CK R Q Q
H L /7 H A H
H H 7 H H L
H X \. H No Change
i x x L =& H&
H X X L L H
L = X H H o
X=Dom’ "4 Care
remain highn as long »ns S and R
A€l wa amnd R

<

Imput Lr, tf=2.3Ns,CL=0.5pF)

Mo

mo.

vDD=5V

25C T

Worst Case

vDD=4.5V

=70C T

1]

1t}
W

ut

G

u

T =4125C
T3
8.6
3.7
6. 1
7.5
3.6

11.0

10. 3

11.0

10.3

g High

(DFEFRSPHD

are low,

but tthHe

simultitanwously.

ODwlay Eguations

Nomimal Ca

T =25C
LPLH=2.34+
LtPHL=3.30+
LPHL=1.24+
LPLH=2.21+
LtPLH=2.78+
LtPHL=§%. 18+
tPLH=4.27¢
tLPHL=4,.06¢
LtPLH=3.27¢+
LtPHL=3.06¢

CO.

0.

(Q.

<o,

(0.

{O.

<Oo.

<O.

<O.

(0.

VD=5V

793mCL)

7O78CL)

707sCL)

747 8C LY}

T4+7%CL)

TO7%CL)

747 &CL)

661 &CL)

747 &C LD

&6 1 aC L)

Unit

ne

nw

™

nae

na

s



tr Oweput Rize Tima.,.Q 1.2
L# Cutput Fall Time.Q {.1
L Dutput Rise Tims.Q 1.2
L Output. Fall Timse,Q 1.0

Dynammita Current at 1 MHz Mo Load
A4 TrHews csgquations are valid for

Calmwlations at other conditl

TIMING REQUIREMENTS

z2.5 2.6
2.2 2.3
2.4 2.5
2.1 2.3
Ctacd) I Tua

v

I3

[

the nominal case

ons, Dew Sectio

(3}

4 o

.8 tr =
« 5 LE =
.8 tr =
. LE =

at VDD=SVvV

Q.

Q.

S3+(1.322#CL)

S53+C1.Q33sCL)

47+ 1.103%

4nd T 235C.

tHis manuwal.

Sym Paramatar Minimum Raguirsments
0O to 7O0C 40 to 85C 55 to lZSC. unit
Lsu Setup Tima
D to CK 5.9 e. 2 8.9 Ms
th Hold Time
CK to D 3.1 3.2 3.6 na
traeac Recovery Time
R to CK H Q.5 Q.5 0.6 ns
S ta CK 1.0 1.1 1.2
tLwe Puloe Width
CK(L) 11.8 12.3 13.8 ns
CKI{H) 11.83 12.3 13.8
R 11.3 . t2.13 13.8
s 11.9 12.3 1L3.8
al . cLp

<L

o A TEE T

&8 .

58 OO

dLs
ax Do Lo,

FUNCTIONAL DIAGRAM : DFFRSPH

For

ns

™3



J-X Flip Flop Positive

fraputs: CH,J,X,5,.R FUMCT!ON TAZLE
Outputs: Q,a § J K CK R a <Y
Inmput Cap.:iCK:i0,O080pF ¢t ¢ uw /S oe L H
J:0.080pRF [ H L v H L
K:0.089pF L i H I 3 Togdle
5:0.127pF Lt L ¢ ot Mo Changs
R:O.tt80F Lt X X ™. No Chanae
Call Size:28 grids wida H X x X H LA L
12 grida High L X x Xx H L H
H %X x X I3 H L

#EBoth outputs will

SWITCHING CHARACTERISTECS

Sym

LPLH

tPHL

WwWPLH

LPHL

LPHL

tPLH

tPHL

Edge Tridgered (JKFFP)

ramain

Mom.
Paramaster vDD=5V
T =25C
Propadation Delay. 7.0
CK to G 7.1
Propadation Daelays 5.8
CK to Q 5.4
Propavation Delay, “+.6
R tm Q
Propagation Delay, 2.7
R o Q
Propagation Delay, 2.5
S to Q
Propagation Dalmny, 5.2

S to Q

low as

output statas are unpredictable

=70QC T =83C T
14.6 15.3
14.8 15.5
12.3 1i2.8
11. 4 11.9

3.8 10.2

sS.9 6.2

5.5 5.7
11.0 11.5

long

1

~d

Don"t Carea

n . s

F S and R

Worst Ca=ne

vDD=4.5V

g0

16.89

17.Q

14, 1

13.1¢

12.7

and R are High, b

( Input tr,tfF=2.5n8,CL=0.,.8pF)

De@lay E

Mominal

T

LtPLH=6.4

tPHL=6.5

tPLH=S. ¢

LtPHL=4.7

LPHL=3.9

tPLH=2.0

LtPLH=L.8

LtPHL=4.5

wt the

low simultaneocously.

gquations

Case,VvDD=5V

=25C
S+C(1.100%CL)
4+(1.3830&CL)
3+(41.32688CL)

2Z+¢(41.336RCL)

2+ ¢ 268 8C L)

S

273%CL)

5+C(L1.3188CL)

++(1.305%CL)

unite

ns

NS

nes

ns



LF

Dynamlec Current

XAThasae eqguations aras

Qutput Rise Time,Q
Quiput Fall Time.Q
Ouwtpur Risa Tima.Q
Output Fall Tima.Q
at 1

MHz No

valid

1.9 3.8
1.7 3.s
2.2 <. 3
2.0 +. 1
Load (ldd):
for the

nominal

4.0 &, 3 Lt =

3.7 %, Q LF =

+.5 5.1 e =

4.3 <+.7 tr =
Sua

cas®e at VDD=5V a

O.83+(2.082%2CL)
O.77+¢(1.835%8CL)

L.15¢(2.026%CL)

1.05+(1.3310%CL)

nd T =25C.For

calculabtlions at othHer condittitons, sae Saction 3 of tHis manuwal.
TIMING REQUIREMENTS
Sym Parametar Minimum Requirsmasnts
0 Lo 70C 40 to 85C 55 to 125C unit
tosenn Fmeup Time
JsK to CHK 8.0 8.3 9.3 ne
th Hold Time
CK to J,R 1.2 1.2 1.4 nas
tw Pulse Width =
CKCL) 11.8 £12.3 13.8 ns
CK{H) 11.8 12.3 13.40
R4 8 11.8 12.3 13.8
r
el
KDo—mouo 4Ls ]
(383
a F} Do
R8> | { a
CLB

SB S

< ¢.

= D

FUNCT{ONAL. DIAGRAM :

JKFFP

NS



D Flip Flop with Set & Reset (DFFRS)

Inputs: R ,S ,D,CK,CK ' . FUNCTIOM L TARLE
Outputa:a,a S D CK CK R a a
fnput Cap.:R :0.1S6pF H ot \_ 7 =& L H ]

S :0.1S8pF H H . ./ H H L

N
D:0.042pF qH X T TN H No Change

CK:0.086pF L X % % c u u

CK :d.102pF H X X X L [# H
Ca11 Size:20 grids wide LoX X X H H L

12 grids High X =2 Don‘t Carm )

U = Undarmined

SWITCHING CHARACTERISTICS

(Ilnput tr,tf =2.5n\B8, CL=0.SpF)

Nom. Worst Casa Delay Equations Unite
Sym Parameter vVDbD=5vV vDD=4.5Vv Mominal Case.VDD=SV
T =28SC T =70C T =3SC T =125C T =23C
LPLH Propagation Delay, 3.1 5.7 7.0 7.7 tPLH=2.33+(tL. 184%CL) N

LPHL CK,CK to Q 3.3 5.9 7.2 8.0 LPHL=2,71+4+¢1,153+8CL)
tPLH Provagation Delay, 4.1 8.7 2.1 10.0 LtPLH=3.58+(1.11248CL) nw
LPHL CK,CK to Q 4.3 2.0 9.4 10.3 LPHL=3.78+(1.0584CL)
CPHL Propagation Dslay, 2.2 +.7 +.9 5.4 LPHL=1.62+(1.14658%C L) ne

R to Q

LtPLH Propagation Dwlay, 3.4 7.3 7 o7 a.5 LPLH=2.80+(1.2568CL) na

LPLH Provagation Dalay, 4.2 8.8 3.2 to. 2 LtPLH=3.61+(1.1382CL) 2k}

tPHL Propagation Dmlay, 2.8 S.6 5.3 8.8 LPHL=2.00+(C(t.223535CL) n=

tr Output Risy Timme,Q 1.8 3.7 3.3 4,2 tr = O.74+(2.1178CL) mnes
. F Output Fall Time,Q 1.5 3.4 3.5 3.8 LtF = 0.89+(1.905eCL) e
tr Qutput Rise Time,Q 1.7 3.5 3.7 +.0 tr = 0.84+(23, t680¥CL)} na

tF Output Fall Time,Q £.86 3.4 3.5 3.8 LF © O.85+(t1.9624CL) nea



Dynamic Current

st 1

MHz No Load

Ciddad:

Gun

IlThuﬁr.-qultionc are velid for the nominal case at VDD=5V and T =25C.
calocuwlstions at other conditions, sew Gection 4 ©f this manual.
TIMING REQUIREMENTS
Sywm Farsmetear Minimun Reguiremsnts
O to 70C 40 reo B8B5EC:} BS to $28C unit '’
tow Setupr Time
D te CH 7.4 7.7 8.6 ns
th Hold Time
CK to D ©.0 0.0 0.0 ns
tLw Pulese Width
CK,CK (L 14.8 12.3 1i3.8 nNe
CK,CK (H> 11.8 12.3 13.6
R »8S 11.8 i2.,2 13.8
FUNCTIONAL DIAGRAM : DFFRS
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