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Chapter 5

Design Project: Optimizing a Inverter Chain with Fanout
Goal: Minimize Extra Delay for Given Energy Reduction

Background Information

You are given technology parameters that are essential in propagation delay analvsis. These
parameters are extracted by curve fitting simulated results of an inverter delay in our 0.251um
technology. as shown mn Fig. 1.
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Figure 1: Extraction of delay parameters: {a) tpa. ¥, (b) Vo, ctg.
(Wp/Wy=2p/1p, L=0.25p)
All parameters are extracted using the same test circuit as that given n Hw 5/Prob 4. (on a side
note. values of tyo and ¥ shown 1 Fig. 1 15 the solution to this homework problem!) Parameters
tpo and 7 will aid 1n calculation of the gate delay as given by:
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where tyg 15 the intrinsic delay of an inverter, f1s the fanout. and ¥ = Cigninic/Cane 15 the ratio of
the input mtrinsic to the imput gate capacitance.

Parameters Vg, and oy are intrinsically related. but not equal to the transistor threshold
voltage and velocity saturation index. They are sumply fitting parameters that provide the most
accurate model of a FO4 inverter delay over a range of supply voltages. Fanout of four 1s chosen
for calibration simply because it 1s the most typical fanout found in well-designed digital circuits.
It also represents good average fanout, so we will use the same parameters for all other fanouts
that we are going to encounter i this design project. Relationship between the propagation delay
of a FO4 inverter and the power supply Vaq 1s given by:
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where K; 15 another fitting parameter, but 1t 1s not crucial for our problem setup. It lumps some
technology parameters including lineanzed delay capacitance (similar to the one you had to
determine in Hw 4/Prob 4). You will find equation (2) useful in Vys-based optimizations.

Phase 1: Circuit Optimization (1 week)

You have to optimize circuit given mn Fig. 2:

b,=4 b,=2

Figure 2: Some group-specific inverter-based topology.

First, find sizes x2-xs of all gates to achieve minmmmum delay Dy from the mnput to output.
What 1s the value of Dy, normalized to tpo?7 What 1s the energy E,.r that corresponds to the
minimum delay? For energy calculation, assume Vop= Voo = 2.5V. Express E..r in terms of
energy requured to drnive the mput gate capacitance Cggpe = 1 (call thus number “17, 1t 1s sumply a
reference case. yvou do not need value i fF in vour calculations) of the first gate in the chain.
Now, vou obtained reference point (Dyysy. Eres) for vour optimizations.

Assume now that you have to reduce energy by x% {choose from -20%, -30% and -40%}.
For the newly specified energv. perform following three optimizations in order to minimize
delay penalty of the reference design.

a) Gate size (W) optimization

What are the new sizes of all the gates x3-x57
Whiat 1s the achieved percent delay penalty. DPyw = 100{ DDy — 1)7

iy

b) Supply voltage (Vdd) optimization
What is the value of the new supply voltage, Vop™™7?
What 1s the achieved percent delay penalty, DPyga = 100(Dvaa Dpin — 117

¢) Combined size and supply voltage (W-Vidd) optimization
What are the new sizes of all the gates x7-x57
What 1s the value of the new supply voltage, Vop T
What 1s the achieved percent delay penalty, DPyivas = 100{Dwoyvaa/ Dy — 1)7

¥

Clearly show your design methodology and summarize all results in following Table:
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avTiKaOeTOVTOS TOPO To amoteréspata TG e€icmong (1) ko yvopilovrag Ot
vy = 1.11 &yovpe :
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["a va vmoloyicovue 10 E o Bempoipe 611 Vi = 2.5 Volt ko y=1 xou f=1
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Amoopacicape vo peiwcovpe v evépyewa E katd 30%,
i E(-30%) =E" =1092.7

a) Gate size(W) optimization

Mo E'=1092.7 , Vg =2.5Vxony=1.11 Bpiokovpe Ott:
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YOUTEPUONT, :

Mewwvovtag to f (dniaon 1o sizing TV avtioTpoPimy £yive and f=4.53 => = 3.3)
Kol otnpdvtag otabepn v evépyeln E” ko v téon Vdd mapotnpodue 611 M
cuvolikn kKabvotépnon tov kukAopotog (DPy) peiwdnke (katd 20%), yeyovog mov
nrov avapevopuevo!

b) Supply Voltage(V4q) optimization

[a E"=1092.7, f=4.53 kauy=1.11 Bpickovue 61t :
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YOUTEPUONT, :

Mewwvovtag v téon tpopodocioc Vdd katl dtutnpavtag otabepn v evépyewa E
kot to f (= 4.53) mopatnpovpe OTL N GLVOAIKY KABVLGTEPNON TOL KLKAMDUOTOG
(DPy4q) av&avetar (katd 5%), yeyovdg mov Ntav ovopevopevo! Ank. 1o kOKA®pd
naG yivetol mo apyo av UEIMGOVUE TNV TAoN Vg Kot dtotnpricovpe otabepd ta f, E.

¢) Combined size and supply voltage (W - V44) optimization
O 1pitog TpOmOG €ivart av pet®oOLUE TO cLVOLACUO TV f Kot Vyg!!
Xoupmve pe tov. RABAEY 1 mopoakdto ypagikn mopdotacn pog Ogiyvel 1o

optimum effective fan-out (f,) mov 1oyver oe pr oAvcido AVTIGTPOPE®Y,
GUVOPTIGEL TOVL .
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Figure 5-21 Optimizing the number of stages in an inverter chain.

Ny =1.11 (and o 6edopéva Tov TpoPANpatog) 1o fop = 3.55 (amd ypagikr)) onodte
n (4) yivero: :



1092.7 =V, > - 1-[(1+p)(A+ f +0.2F 2 +02f *+0.07f *)+128]=

1092.7 =V > -1-[A+1.11)(1+3.55+0.2-3.55> +0.2-3.55° + 0.07 - 3.55%) + 128]
V, =2.43V

Kol
W-Vdd:.d—d'[(1+1)+(1+ P+ (1+ )+ 1+ + (1+ 2]
Vaa ~Vre Y Y y y y
w-vdd:i'[(HL)+(1+3'i)+(1+3-ﬁ)+(1+3-55)+(l+3.55)]
2.43-0.5 y y y —7/ —?/

D,,.,, =1.26-18.7=23.56
Gpa

DP,, 1=100[(Dy, /D, ")~1]%=100[(23.56/27.78)~1]% = ~15.2%

min
YOUTEPUONT, :

Mewwvovtag v tdon tpopodocioc Vdd (amd 2.5V c¢ 2.43V) ko 1o f (and 4.53 o¢
3.55=1,) ko dwtnpmdvtag otaldepn v evépyeia E mapatnpodpe 0tL 1 GuVoAkn
kaBvotépnon tov kuKA®pPaTog (DPyw.vaq) petwveton (kata 15.2%).

Ynpeioon : ocoppova pe t Bewpio tov PipAiov, po koAr €mA0Y Ko KON
mpaxtikn eivar va Bewpnoovpe f = 4. Tlapdro mov m T avt) tov f eivan
neyolotepn ono 10 fop = 3.55 mov PBprkoape mpv, N kabvotépnon dev ennpedletar
oA Ko meTvyatvoope xaunAiotepn Vyg. (OnA. v £ =4 €yovpe @ Vgg = 2.28V kat
Dpw_\/ddz = -7.74%)

Amoteréonata yia evépyewa E(-30%)=E = 1092.7

[Dmin (tp0) = 22,23 | |[Eref = 833,37 | |
DP(%) vdd opt f X2 X3 | x4 X5
Reference| 0% 2.5V 4,53 4,53 4,1 | 18,6 28,04
w -20 2.5V 3.3 3,3 22| 7.2 8,3
vdd 5 2.1V 4,53 4,53 41186 | 28,04
W-vdd1 [-15,2 2,43 3.55 3.55 252|895 | 11.12
W-vdd2 [-7,74 2,28 4 4 32128 17,92




