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DIGITAL PERFORMANCE METRICS

TIME DOMAIN

e CLOCK FREQUENCY

e NUMBER OF DIGITS

e POWER DISSIPATION

DESIGNOCTAGONE

NOISE <—» LINEARITY

/

POWER DISSIPATION " GAIN
I ,/ < I
INPUT AND OUTPUT IMPEDANCE, POWER SUPPLY VOLTAGE

BANDWIDTH <—> VOLTAGE SWING



NOISE AND DISTORSION METRICS

SNR = IOlog-}-I:ﬁ- [dB]

n

THD =10log > Fs [dB]

d,harm

SNDR =10log PPS [dB]

n+d

SFDR =10log— Fs 1am

d,max

P, = signal power
P, = noise power
Py harm= power of all harmonic distorsion
P, , 4= total power of noise and distorsion
P max = power of the strongest spurious peak
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Table 1.2 A reasonable set of MOS parameters for a typical 0.8-um technology
SPICE Model

Parameter Constant Brief Description ' Typical Value
VTO Vin:Vip  Transistor threshold voltage (in V) 0.7:-0.9

vo Hailyp Carrier mobility in bulk (in cm®/V-s) ~ 500:175

TOX tox Thickness of gate oxide (in m) 1.8x107

LD Lp Lateral diffusion of junction under gate (in m) 6x 1078

GAMMA Y  Body-effect parameter 0.5:0.8

NSUB Na:Np  The substrate doping (in cm™) 3 % 1016:7.5 x 1016
PHI |20 Surface inversion potential (in V) 0.7

PB @, Built-in contact potential of junction to bulk (in V) 0.9

al Co = IJunction-depletion capacitance at 0-V bias (in Fim®) 25x107%:40x10™
CISW Ciewo  Sidewall capacitance at 0-V bias (in F/m) 20x107%:2.8x107"°
MJ m Bulk-to-junction exponent (grading coefficient) 0.5

MISW Mj.sw Sidewall-to-junction exponent (grading coefficient) 0.3




Typical Values for a 0.8-um Process

Vin = 0.8 V Vip = 09V
HnCox = 90 HA/V? 1,Cox = 30 HA/V?
Cox = 1.9x 107 pF/(um)’ C; =2.4x10" pF/(um)’
Ciow = 2.0x 107 pF/um Cysioveriapy = 2:0x 107 pF/um
O = 0.34V @, = 09V
v = 05 V72 tox = 0.02 um

Ng = 6% 10°! impurities / m’
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Derivation. RELATION BETWEEN I, AND Vs WHEN CHANNEL LENGTH
MODULATION

At pinch-off limit:

nCO:E
=& (%) (Vas = Vin)® (1)

When VDS > Vps,mt:

‘nCOI W
Ip=Hrzoz (L2 ) (Vs — Vin)? 2)
2 Lesy
Source G?te Drain
+ |- == +
n Leff AL a
L
Bulk p-

Assumptions: Vgs > Vin, Vos > Vas — Vin = Verse Np >> Ny = AL = Tp + Tn & Tp.

Less =L~ AL (3)
Q- 1 \/ NaNp 2K,e0(do + Vr) Np
AL=z, = = 4 [ 29K ;€ + V; = .
P g Na g Na\ 2afeeldo + Vo) e q N4(Na + Np)
2K e + V3 1
~ \/_ig‘%o_“‘li)"m=kds\/VR+¢0=kds\/VDS_Veff+¢0 (4)
kas = 1/ %{v‘? Ve =Vps — Vpssat =Vps — Vesrs  Vess=Vas — Vin
— Vps increase = AL increase = L.;; decrease = I; increase.
— Determine the relation between Ip and Vpg!
A 2
(2)=>Ip= I (Vas — Vin) (5)
eff
A 2
(1) = Ip sat = 7 (Vas = Vin) (6)
Taylorseries around Ip ,;:
1574 oL
Ip = Ipsar + 57— L - AVps )
eff il sp=L DS \Vps=Vps.sat
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Derivating (5) and (3) gives:

olp 2
3., szf (Vas — Vin)
OLesy 9L —AL) _ OAL _lcfii 1 8)
dVps Vps ~  OVps = 2 \/VDS ~ Verr + do

AVps = Vps—Vpssat =Vps = Vegys

(6), (7) and (8) give:

— A — 2 A 2 kd.s 1
Ip = 7 (Vs — Vi) +( 73 (Vas = Vin) ) ( BN AT )(Vus-'Vaff)

A kas 1
= = (VGS ~Vin)? (1 + 5% T - (Vps — ef.f))

- /‘nZCW ( )(Vc;s ~Vin)? (1 + A(Vbs — Vass))

V% (14 AX(Vps = Vegs))

i

Le.:

Ip=a- fo(l'f‘)\(VDS“' eff)) 9
Uncoz w .
where q = T and channellength-modulation constant
kas 2K €
Y uve T e
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DETERMINE g, AND g,

21 1 Em 2
gmz—-———qg——— gli!=.—=ﬂDQ =
Veso =V, Ve 84 Z(VGSQ -V)

Regard a 0.35 um CMOS-process (L, =0.35 pm):

NMOS | PMOS
L=l ym |L=1 um

0.03 0.05 [1/V]

0.47 0.62 [V]

400 130 [cm?/Vs]

gﬁ‘:s:x

45.107 | 45.107 | [F/em?]

For good matching choose V5, — ¥, in the interval [0.15,0.25] V.
Choose e.g.. V5 —V, =0.25 V
2

NMoOS: &z - ~ 267
g, 0.03-025

PMOS: &2 - 2 _i60
g, 0.05-025

Determine g,,: g, = 4Cy 7 (Vosg ~,)

Suppose: W =10 um, L=1 pum och Vosp =V, =025V
NMOS: g, =400-4.5-107 -10-0.25 = 0.45-107 [S]
PMOS: g, =130-4.5-107-10-0.25~0.15-10" [S]

Determine g, :

NMOS: g, = ;'6"'7 ~1.69-10 [S] = r, ~0.59 MQ

PMOS: g, —_-%z 0.9-10°[S] = r, ~1.09 MQ
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DERIVATION OF A SMALL SIGNAL EQUIVALENT FOR NMOS-TRANSISTOR

Regard ip as a function of vgs, vps and vpg:

ip = f(vgs,vBs, vps)

i
7

OB UDS
-4

UBS

(6))

ip, as well as vgg, vggs and vpg consists of an DC-part, Ipg, Vesg, VBsq and Vpgg (the

quiscent point) and an AC-part i, Vgs, Ubs and vg, (the small signal).
ip = IpqQ + 14,965 = Vgsq + Vgs, VBs = VBsQ + Vhs, UDs = Vpsg + v4s

That is:
Ipq +ia = f(Vosq + vgs, VBsq + Vbs, VDsQ + vas)

Taylor’s formula for 3 variables gives:

. 7] 8 7]
Ipg +ia = f(Vasq, Vasq, Vpsq) + 5—f-’ “Vgs + —-—f—; “Vps + 9f “Uds
N g . vas g Bvps Q Ovps Q
Ipg L — R —— | .
gm gs Gds
That is:
id = Gm " Vgs + 9b * Vbs + Gds * Vds
Equation (5) gives following equivalent small signal scheme:
G ’id D
+ Or—ee ' T <0
Ygs OmUgs % GbUbs %7‘&9 = 'gfi’_‘g Vds

S

(2

(3)

4

(5)

To caleulate the values of gm, go and gy, we first have to determine in which region the

transistor is operating.

(CONT. )
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We presume that the transistor operates in the SATURATION region, where following rela-
tions applies: (Notice that vgg = —~vgg.)

ip = a(vgs — V;)2(1 + AMvps — Very)) 6

Vi = Vio+7 (V2Iér] - vas — v/2Iér) @

To determine g,, we derivate (6) with respect to vgg:
dip
Ovgs
The value of this derivative in the Q-point gives g,,:

= 2a(vgs — Vt)(l + AM(vps — Vegy))

_.g_I!L.Q__. (8)

om = 2a(Vasq = V)L + A(Vosg = Very)) = P2

Neglecting the channel-length modulation gives the approximation:

gm = 2y/alpg

To determine g4, we derivate (6) with respect to vps and calculate the value in the Q-point.

dip 2
BUDS = A a(UGS V't)
That is:
9as = A - a(Vasq — V;)? =~ Mpg 9)

To determine g; we have to use the chain-rule for derivatives, as we don’t explicit have ip as
a function of vgg.

dip Oip W _ v _1/2
B'UBS - th 6’UBS - 2a(vgs V;)(l + /\('UDS Veff)) . ('——2- (2!(]51:-' e UBS') )
That is:
9o = = 20(Vas@ = VO)(1 + XVbsg = Vess)) - (=3 (2lér| — Visa) %) = gm - =
h e ' — 2 ' 2V/2|¢F| - Vasq
(10)
Conclusion:
_ 2Ipqg o w W
9m - VGSQ — W ~ 2 Q’IDQ 87 —E, gm ~ —E
gds = A . a(VGSQ fasad {’;)2 ~ /\IDQ A ~ %; gdé ~ ._1..
w
B = gm i =7"9m n=02 g~ T

' 2,/2¢F| - Vasa

N'9m



