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parameter scaling:

— conductances and capamtances scale Imearly with
W|dth (” W|den|ng a wire Ieads to / N é
on. rease 2Cit -a,but' Irop(
2sisti ._,sothe
“P219 CMOS VLSI™)
— resistances scale inversely with width

— interconnects introduce extra resistance, capacitance,
and delay, degrade of large device performance!
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Capacitance is everywhere.
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Metal M1 M2 M3 M4

Min. Width 0.8 0.8 2.4 6.5
Cap/Unit Area

(FF/um?) 5 3 2.5 1.5

Cap 10um wire 40 24 66 97.5
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Modern processes have six or more metal layers.

The lower layers are thin and optimized for a tight
routing pitch.

Middle layers are often slightly thicker for lower
resistance and better current-handling capability.

Upper layers may be even thicker to provide a low-
resistance power grid and fast global interconnect.

Layer Purpose
Metal 1 Interconnect within cells
Metal 2/3 Interconnect between cells within units

Metal 4/5 Interconnect between units, critical signals

Metal 6 I1/0 pads, clock, power, ground
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= widening a wire leads to /ess than a proportional
increase in capacitance, but a proportional reduce
in resistance, so the

= Widening wires also increase the fraction of
capacitance of the top and bottom plates, which
somewhat | from adjacent
wires.

« Increasing spacing between wires reduces
capacitance to the adjacent wires and leaves
resistance unchanged. This
to some extent and significantly
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= IRZE%:
 ABIRF 2,09 7 2w [ARsqu 2 0.05Q, 1)
R = Rsqu*L/W
= 0.05Q* (2mm/2um)
=50Q
V =1IR =50Q*1mA = 50 mV
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» CMOS&®&E

» MOSEMALAERMELE: WMOEfof HELE.
W FAREE: Cgp = Cunityarea X A
RRXZEes: Cgev Cgq
Eamezs: €y = Cgp +Cys + Cgyq

Cgs(fringingﬂ} cgd(fringingﬁ}
Cgs\] Cgd j overlap }
C; i Y, \f -
X A —_ capacitance

intrinsic capacitance
(a parallel plate capacitor)
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 CMOS&:®®&E - max.
Cgb is necessary to attract charge to invert the
channel, so high gate capacitance is required to
obtain high Ids.
Cgb = Cox * WL = Cpermicron * W
Cpermicron = Cox*L = (g/t,,) *L
( Cpermicron has a value of about 1.5~2fF/um of gate

width )
parameter cutoff linear saturation
Cgb Co=C,, *WL 0 0
Cgs 0 Co/2 2C,/3
Cgd 0 Co/2 0

Cg= Cgb+ Cgs+ Cgd Co Co 2C,/3
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 CMOS&®W®& - may: %3898
The gate also has fringing fields terminating on the
source and drain, this leads to addition overlap

capacitance, called “Cgs(fringing) [/Cgd(fringing) ".

{ Cgs(fringing) = Cgsfr * W
Cgd(fringing) = Cgdfr * W

Comparing to a /ong channel nMOS transistor, we
can find that Cgd does not go to 0 in saturation of a
shorter channel transistor, because the fringing
overlap component Cgd(fringing) is significant. The
fringing overlap capacitance becomes relatively
more important for shorter channel transistors
because it is a large fraction of the total.
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CMOS & ki
MOSE A A EMAT 85 Mhd Ffed #8%.
THREE: FHROAIZLAHE. BT KX 54K
FFZ 18 s A9 PN B 2. & AR 20 % & XK &
4w F AN,
Cdb = Cjbs* (ab) + Cjbssw * (2a+2b)
A9, Cjbs: &FFrumega X
Cjbssw: Hum#giazd i
a. b: YRR TEARKE
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 CMOS&™&E - 32

Because the depletion region thickness depends

on the reverse bias, these parasitics are nonlinear,
The area junction capacitance term is:

Cibs = Cj(1+Vg,/ D) ™™
Mj:junction grading coefficient, 0.33~0.5 (#EH¥T)
Cj:the junction capacitance at 0 bias
®,:built-in potential, equals to (kT/q)In(N,N,/n;2)
(PN R 2H42)
n;:intrinsic carrier concentration (X4 %4¢)

and the sidewall capacitance term is of a similar
form:
Cjbssw = stw(1+vsb/¢0) i
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CMOS&®® - yausi.

Cdb and Csb are not fundamental to operation of the
devices, but do impact circuit performance and hence
are called parasitic capacitors, also called diffusion
capacitors.

The size of the two junctions depends on the area and
perimeter of the diffusion, the doping levels, the
depth of the diffusion, and the voltage.

As diffusion has both high capacitance and high
resistance, it is generally made as small as possible
in the layout.

For the purpose of hand estimation, you can
observe that the diffusion capacitance Cdb. Csb of
source and drain regions is comparable to the gate
capacitance_Cg, e.g., Cg = Cdb = Csb = 1.5~2fF/um
of gate width.
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= X TFRATFTNHEFHPMOSHIKE, HRIR LM EER A TN,
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2. JUF B E—ABRa AR A
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D

input signal of G

'\

input signal of A

on

off

on

off
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» YV CMOS B F A RS AR AR Y ey S BEd L, LT
ECENGFAELAKREA IFEETY., wREMNBEIKT % 83
Moy B BEd P, shA{K T RCH 8% 3k, Wi ik & T B4Fehik E,
HEAVT A e % ah M A % S “dRIR M, RE A 48K
CATFBEAL R A 4K, L,

I1 II1 v

| G =

big size MOS split into four parts simple mode



» CMOS&m® — use of multiple fingers

le

L

| .
Co = "Z‘CDB; Cps=Chy

S
C'ss;Cos
D
Wi2 Wi3
CSB - §C|ﬂ
CDB = ‘%C'DB
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CMOS )1 3 2% Fz B L FBY

/£ CMOS %34 F PMOS #= NMOS 2 ¥4k ZAbshikE 12,
CAAAIEARIL, TA R FATIRAELEM, —EiH AL,
F 4 o, B A KJE K W AR A, A E P4 .

& R L4 B 0 L, [ W AR IR,

P AR AT SR
1. XRBEAEIZKXT 1, PBnpn*Bpnp >=1;
2. ANBITAH 4 A T E;
3. WRRHGRXEAKTFTPNPNEFFEPTE HIFE AL,
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Ne#CMOS = Z ey PNPN o i s 2549 & H 53K 8 2%

p_substrate bias a n_well bias
GND sln !" D‘n VDDNsp
pE n+ .
LQt
5}) T n - well
p_substrate
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FABE I&FE = —. MEHFDIKI+TABY L

1
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PPAMICEAR, IR KSR IEAAT R GGV HEAT. HXA:

a. /= T P4 & LB 2NMOSH 4k 4% 2| VDD & N+ A & 4 X ;
b. 3% T PAT & £ B 24 NMOS 4442 VDD & 35 NPt .
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FABE I&FE = —. MEHFDIKI+TABY L
1. BB AT, HATRANR, BLFE VI GIRE GG E
S 4 AR

Fo 5K :

=X ALE CMOS 17, € TEHREA4ELD
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FABT F& 78 = —. REFDIXI+FABYIEH
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FABT F& 78 = —. REFDIXI+FABYIEH
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FABE I&FE = —. MEHFDIKI+TABY L
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FABEFIGHE = =, MEHFDIZITTAFIEE
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