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Transistor-level design methodology

« Design methodology
— Select a circuit topology
— Select desired performance specifications

— Computerized optimization to select MOS currents
and sizings to meet specs

— Can also simulate topology over a range of currents
and sizings and explore tradeoffs
« Transistor-level design methodology

— Allows designer to pre-select near-optimal drain
currents and sizings for any circuit

— Considers transconductance g,, and output
conductance gy

— Permits design in weak, moderate, or strong inversion



MOS Inversion Coefficient

 Traditionally, degrees of design freedom are drain current
o, channel width W and channel length L.

* Here, degrees of freedom are drain current |5, channel
ength L and inversion level IC, which is a normalized
measure of Iy describing level of channel inversion.

IC = Ly 2
2nuC,,, (W /L)U?
n=(COX +VDEP)/ COX,

U,=kT/q

« Weak inversion: IC < 0.1 (Vgg — V; ~=-72mV)
Moderate inversion center: IC =1.0 (Vgg — V7 ~=40mV)
Strong inversion: IC > 10 (Vgg — V7 ~=220mV)



Performance Tradeoffs — MOS Operating Plane

/ I » Fix n0O at moderate inversion,
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MOS Sizing Relationships

 If IC is increased (I, and L fixed), (W/L) ratio, W,
gate area (and Cpy), decrease inversely with
increasing IC.

 IfLisincreased (I and IC fixed), W increases
directly with L to maintain (W/L) ratio. Since W
iIncreases, gate area (and Cpy) increases as
square of increasing L.

 If Iyincreased (IC and L fixed), (W/L) ratio, W,
and gate area (and Cpy) increase directly with
increasing |p.



MOS DC Bias
Voltage and

g
i
5
8

0 NM
T=22C
Weak inv., 1/(nU;) Asymptotes forn= 1.4 DS < V&S
. \ | VBS =0V

1 b= T,
‘/ Strong o velocity sat. o = 0.208 uA

2
= g
. 3 R e L!Tsanrucn slope =-1/2 | |, _110uane
Small-Signal ey
g ] Lerr
2 1
g [ Device transconductance, gy, = (gn/lo)’lo —33.4um
Parameter s | o
@
o —8.2um
c
[ ] | ] E 1 —fum
) 2 1 ! —1.5um
l e a I O n S I S E ] Decrease in g/l at high inversion, PP
o ] short L due to velocity saturation ’
g (possible self-heating effects, ICO > 100) — 0.85um
= | 0.5um —) =—0.5um
-— —_— [ —
Y We a k/m Od e rate Weak Invers| ion Moderate Inversion Strong Inversion | WEAK
0.1 4 m—STRONG
. . 0.0001 0.001 0.01 0.1 1 10 100 1000 10000
I nve rS I O n beSt fo r Inversion Coefficient, IC0 = I /{1 ,(WIL))
1000 ¥ T | [0.5um NMOS |

Qus = ID’(VA'*'VDS) .4u [ T=220

maximizing g,, and i
minimizing white noise ..

+ Long channel length L 3 |
results in higher V,and £ } o

subsequently lower | T i Vst o o, [

output conductance g4, | Bh L -
9 higher rdS u.1mrI 'i'-':enk:ln:ve.rsim:l; +—t ::::::nms'mn: ::::::11.":I ng — ='r==1iﬂiﬂ_°'5”m

Inversion Coefficient, ICO = I p (I ,(WI/L))



Gain and Bandwidth

* Intrinsic gain is highest
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MOS GAm AND BANDWIDTH RELATIONSHIPS
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Gain and Bandwidth cont'd

Drops due to vel. sat.
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DC Mismatch and Gate-Referred

Flicker Noise
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DC Mismatch and Flicker Noise

|ln mismatch due to
tHr

eshold voltage
mismatch

DC mismatch and
input-referred
flicker noise
voltage are
minimized by
maximizing gate
area.

Operating in weak
IC and long L is
also where max
MQOS gain is
obtained
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CAD Design Tool

« MOQOS circuit performance
evaluated by

a) Linkage to commercial T amis
SPlCE-Iike Simulator that ﬁql:ll::: .I:;“m Sm II_SIMt.lHr-#Hl\TI“I- Waredwioh D0 Gian Do rismatch i) Gate Relerted Nosse
can run EKV and BSIM3 m' i N
models
b) Linkage to custom MOS
model equations which may
modify existing MOS model ;;:; -* e
c) Linkage to arrays of “5’“‘ N (o “?"s =
measured MOS data e e =N e s
« User interface allows T e .
designer to select design s . )
parameters as well as o i s

desired performance specs
and dynamically display
tradeoffs using colored bar
graphs.




CAD Tool Example

[LLUSTRATION OF NMOS SI2NG OPTIMIZATION
Design Inputs Resulting Circuit Performance
Lay- | Min. | Small signal Band- | DC mismatch | Gate referred
out | Vps | Parameters width | {1a) noise voltage
In IC, |L W | Visar | & g | Av | Al | AVae | white | flick.’
BA um flpm |V [ps |ps vV [MHz [% mV | nV/(Hz)"

100 10 0.5 24 0.25 | 657 | 40.0 (164 14997 | 198 |3.02 (406 |251.8
100 | 10 1.2 58 024 | 705 | 167 |423 | 93] 0.88 | 125 1392 |1049

100 |10 |26 |l126 [023 [725 [769 [942 |204 [042 [0.58 [3.86 |48.4

100 |1 12 |[578 (0.4 [1670 [16.7 [ 100 [286 |0.64 |038 |2.54 [33.2
100 |10 |12 |[58 |024 (705 |167 |423 [931 [0.88 [125 [392 |1049
100 100 |12 |58 (079 [223 [167 [134 [2,714 [1.14 [511 [696 [3317

NMOS xtr at ID = 100uA, 0.5um CMOS process
ntrinsic voltage gain Avi > 40 V/V

ntrinsic bandwidth fTi > 800MHz

DC current mismatch < 1% (1 sigma) (current mirror)
DC voltage mismatch < 1.5 mV(1 sigma) (diff. pair)

Short L, BW met, Avi, mismatch not met.

Long L, Avi, mismatch met, BW not met.



Conclusions

- Transistor level design methodology can produce optimal drain

current and sizing for use in any analog circuit topology using ID, I1C
and L to find W

- Exploring the performance of a transistor operating at different
inversion levels can benefit circuit performance and expand design
options

« Every MOS xtr operates in the MOS operating plane from which

tradeoffs between a variety of performance criteria can be explored

« CAD tools can be designed to implement advanced behavior of
MQOS transistors and optimize them based on the relationships
established with inversion level as a design parameter

» Device optimizations can be done before circuit simulations to
reﬁguce trial and error simulations while considering high order
effects
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