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Linear Circuit Sizing Methodology
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The g,.,/I;-based Sizing Methodology

= SstepO. Build LUT: g/iy vs. 14/W

= stepl. Set g,,: calculate g,-GBW relation from schematic

. e.g. gm:27T*GBW*C|_ g = o LUT :
m sor »
A+ X=gm/id |:>W
= Step2.Preset L Il y '
b ol VY

= High-speed: L=min, high gain: L=max e
= step3.Preset g,,./i4
= Based on noise & swing requirements

« step4. Calculate i,&W: extract W from i/w vs. g,,/iy LUT

0., /14&L selection experience-dependent, unscaling



Summary: Design Methodology
- =T (GBW, C,... given by the spec.)

Assuming a g,,/i;.and L;
W = LUT (gm gmlld L);
LUT

'd E:> \Y ?g/]\/,l\(/j E:> W
« Subthreshold: PVT variations amplified exponentlally need to
keep V,, always >0, remains intuitive as overdrive voltage
* G, /iy method extends design space to weak inversion region

* Process-dependent g,,/Iy and L selection
* Less intuitive parameter (No unit) selection (even for V*)

Vov
Assuming a V,, and L;

W = L*gm/(u*C*Vov)
Analytical Approximation

W
Im = zﬂncoxf Ip




Content

Preliminaries

= Linear circuit sizing methodology

= Limitations of gm/ID design approach
= Challenges in design methodology

Framework
= Invoke f;: Transistor behavioral circuit representation

= TBCR-based sizing methodology
= Analog circuit transfer method across technology nodes



Challenge

= To identify a design-centric parameter that minimizes
the process-dependent variations in g,/

= To develop a dynamic optimization method that
calculate optimal g,./i; and L based on PVTs, thereby
leveraging the advantages of g, /i; methodology.
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g, = f (GBW, C,,...)
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g, is only related to X
design and SpeCiﬁcationS X: decouple with size and technology
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Knowledge Transfer

Pros: g,fl4closely related to
the performance of the circuit.
Cons: g,,/ly and L process-
dependent

1.Lots of parameter with unclear
performance relationship
2.Model was not scaling
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F--Based Methodology
gm = f(GBW, CL,...); > gfm o> ‘ TBM() ‘ 0> WL
t

Analo g TBCR Parameter | Range in 22nm Tech. | Expression | Correlation
CiI'CUit —| Ml-’ AVc;Sl ftl Im1 VDSl 9m (A/V) [26'73 00) \/z)ucox %Ids VW/L
—|[I:ﬂz—} Wesy fo gm2 Vps: fi(Hz) [1e8,1e11] T 1/L
: ’ : ‘ : 7 f109moL?
o | MWesy fv 9mw Vbsy AVss(V) [-0.15,+0.15] \/43p2CixW L\/%
Vps(V) [0,0.8] Non-analytic | ~ L/W
Drain TBV: Transistor Behavioral Vector Design Example: 1IMHz OTA
G T simity [ 75" | . Bandwidth limit by node’s Cgs
ate _VGS +CGS @ngGS _VDS y g
g__m Source
Id — * GBW = 1MHz — f, = 10MHz
Cgs O Y v v ¥
source [4Ves, ft, Om, Vis]

; « f, solely determined by specs
Default =0 Small-siganl

J..f;: key design metrics independent of technology.
AV ¢! bias point adjustment parameter, negligible (default=0).
V4! drain-source voltage for enhancing model accuracy.
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Invoke F+ to Eliminate G, /iy and L

l A B bout I .
. . I I - At low frequencies where gm>>ngs.
G
+ 7
— — IOUt (w) Im
Vfl — G Gm Vg P~
Iin(w) | o(Cys+ Cya)

At high frequencies where g, <<wCy:

Ioy(w) ~ Cys
Iin(w) (Cgs + ng)

The transition frequency can be derived:

Iin(@) = jo(Cys + Cyq)V gs(@)

Iy (w) = (gm _jwcgd)vgs(w)

2 Idm Idm 3u
T It Cygs+Cga  Cys —9;’; L2

\/g,zn + wZCf]d

" w(Cys + Cyq)

Iout(w) . ‘ Im _jwcgd
I (w) jw(cgs + ng)

FT is combination of gm/id and L.

F, represents the relationship between gate capacitances and transconductance,
independent of W and the number of series-connected devices. Thus, ft can be used to

substitute gm/id. How to calculate g, /i, and L using f,?
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Physical Mechanism of F; && Max. Self-gain

Main Concept: Find out which 9 and L brings max g,

td 2ncgs=ft0
Approximation 1: r,=--, 17, I A ()

Alg Ig I4
or, fixedld 1 af(L)
oL )

>0

Approximation 2 :

Result: Find optimal {gm/id,L} by
max{f(L) 7}

Two eguations to get two parameters.
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Solving F; && Max. Self-gain

Sweep Result

Ft = 10kHz to 10GHz

ft/dB20

5
& gmid

Surface Plot: ft vs {gmid, L}
Intersection points between the
surface and reference plane.

Self gain

Belike

Circles: Valid solutions in the {gmid, L}

<::| Red crosses: Points satisfying both ft and
maximum self gain conditions

Find the strategy for minimum gain degradation
in the (gm/id, L) while increasing f,



g.,-worst Driven g,.,/Iy Sizing Under PVTs

Self
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TBCR matrix

Mes, fuu 9mt Vosi]l

Mes, fz 9mz Vbs2
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Solve
Constraint
(f{&maxgain)

AVgs, Gm,Vps
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T (a)

&gm/id

All PVT variations ultimately affect the current.
When both current and size are fixed, gm/id remains the only variable.

Aself_gain

1.

K

\

Trimmed,
fixed bias

Fixed W&L

J
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Find lowest id/w at worst-case corner with

same gm/id

Evaluate avg. gm/id & assess

performance metrics
Look-up: gm, vgt, vth, ro, Cgg, Cdd, n

Sizing at worst corner to meet gm specs

AGBW = =211 = Ag,..% x GBW

c
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Comparison of Size, G /iyand F;

performance evaluation -PVT sensitive parameter
-Significantly process- -Process-dependent - Intuitive and practically
dependent approach

Comparison

W + L i gm/id + L i ; TBCR
i o om
W E gm LUT E ft G PVVTE_VI\OSd?ta j)¢W
- 19,/14 ¢ X=gm/id ¢ Wi Vds¢[s?}¥§,i‘:&§£%’5’j L
L Y=id/W | AV, | Lanidsiing
- Enables comprehensive i . Direct correlation with g, i - f, as primary design

Full range of W&L —— W&L(Vov) —— gmid L — ft
Machine code » Assembly »C > Python

Optimal performance achievement Intuitive usability
—eeeeREEEET
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Calibration between Technology Node

TBV from optimal design
[VdS].I 8m. ft) AVgsl]

l (- I

New f old

MOS t MOS
The TBCR (ft-based) a D2 ] | Dita
iInherently independent to Seve o
technology, all we need Is [fg,g;gg;g;] [f;g;t;g;gf]
calibration.

VQSZ Vgs1+AVgs1
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TBV suitable for (a )
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TBCR F+ Analysis

Without Maxgain Constraints With Maxgain Constraints
‘ ft Errorbar . 100 - Sglain Errorb‘lar
g ) || g
1] ;
e o N
Frequency (Hz) Frequency (Hz) 2 f
- gmid Errorbar 15 210° _ LErorbar % " 88888888888
- ' .
Qe -0 - .
U
Ni 1 " W _ 22nm NMOS g |
W 0 W, il BN
Frequency (H1zo)10 Frequency (Hz)
. Multiple g, /iy, L solutions 1. Specific g, /iy, L solution
. Limited range at f, extremes 2. Simplified design at gm/id=10

. AV variation shown by error bars 3. Conventional methodology
alignment
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Mapping Accuracy

Model vs. Simulation Model vs. Simulation
22nm ULVT nMOS gm-lmS f.=500MHz VDS-O 4V 180nm SVT nMOS gm=1mS ft=500MHz VDS=0.9V
Max. Error = 3.06% -! | Max. Error = 1% ‘ -
Avg. Error = 0.18% '| [{ Avg. Error = 0.196%
) l
""' u s
;/ SF/-25°C
/ FS/125°C
gl . FS/25°C
'r / FS/-25°C
> .r 1| Uf $8/125°C
W) AL ss/-25°C
‘, TT/25°C
| J FF/125°C
/~ FF/-25°C

1. Error < 5% vs. SPICE simulation, comparable to
MOSFET model KOP(Key output) fitting accuracy
2. Multiple PVTs ablility & scalable
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Transfer a n-MOSFET

’ Transfer Variation . Compare the Mean Variation of Transfer Methods
" ' 80 ——r——r—r
[ 0O gn/ig-based transfer
60 - ] & TBM transfer
" 20 I—H— h
10’ 10
lL ?HH% Mean Abs. Variation (%)
Aset | TBM | wLp| SPICE R
! Result

of
TBCRs | Calibration ¢ TBM ¢W,L¢ SPICE

1. Calibration enables <10% variation (180nm—22nm)
2. Error was 96x% lower than gm/ld method
3. TBCR shows cross-process ability




Implementation of 300 Cases across =
Four Distinct Topologies

3 D\IZFCl _”H_| }
PR EERE LR S Rt

DFCFC2

out |
R E R L ,
—ITB M;_DFC_FCI ___________

Begins with small-signal circuit optimization, using TBM to get 300 individuals
in different sizing, do it both in 180 and 22nm, then compare the result.



Implementation of 300 Cases across =
Four Distinct Topologies

a C I : =
10| Before After Topol ]
| (180nm) (22nm) Qpoiogy - ]
o) o NIMCNR .-.' - .Tran.(DFEFCZJ
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€
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E 103_—
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g L Tran. (NMCNR) -~
- SRE
LN O =
LI Orig_(NMCF)
L n ]
@ -
o Orig( - Amp. Topology NMCNR | NMCF | DFCFC1 | DFCFC2 | |
Number of Individuals 53 86 59 102
Improvement (%) 10.6 8.7 6.3 38.2
| | L ) |
10 10°
(b) FOML (V/pS*pF/mW)

Cross-node scaling benefits: 6.3%-38.2% (VDD-driven)




Conclusion

= Novel Transistor Behavioral Circuit Representation
(TBCR)

= Technology-independent parameters: gm, ft, VDS, AVGS

= Enabling Technology Node Transfer
= Analytical conversion from TBCR to transistor sizing
= Verified across 180nm — 22nm nodes

= Key Advantages
= Technology-independent circuit representation
= Leverages scaling benefits
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