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Decoder Design
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Figure 1: Decoder Schematic Figure 2: Cadence Decoder Layout

(left) Schematic of 6-to-64 decoder. 12 inputs (6 inputs with their complements) are decoded into 64
distinct wordlines. (right) The 6-inputs are placed on both the left and the right ends of the layout, and
32-outputs to the wordlines are placed on both the top and the bottom of the layout.

e ome Simulation
o 7 The worst case delay is 670.1ps.
mo o { tplhtot tphltot tptot tplhl
d 5.604e-10  7.797e-10 6.701e-10 8.331e-11
tphl1 tpl tplh2 tphl2
6.231e-11 7.281e-11 9.636e-11 9.553e-11
tp2 tplh3 tphl3 tp3
9.594e-11 1.795e-10 8.640e-11 1.330e-10
tplhd tphl4 tpd tplhS
1.191e-10 1.203e-10 1.197e-10 1.905e-10
tphl5 tp5 tplh6 tphl6
9.032e-11  1.404e-10 1.059e-10 1.107e-10
tpo trise tfall
‘ ‘ ‘ ‘ 1.083e-10 1.888e-10 1.726e-10
warsoror ooz " oo - ) Expected Calculation
tphl = 19.77ps and tplh = 21.80ps, so tp =
Figure 3: HSPICE Delay Simulation 20.79ps. According to the delay equation

[Rabaey, 255]
ul NNH
D = tpO(ij +%) where y = 1
j=1

D = tyo(1+1+3+1+3+1+ 6 * 3.66) = 664.45ps

Note that the simulated delay (670.1ps) is longer than the hand calculation (664.45ps) because many
wiring capacitances were not considered in the hand calculations, but existed in simulation. In hand
calculation, only capacitances from word lines were considered, capacitances due to branching wires and
gates were ignored. In the simulation, each gate has larger load to drive, so the simulated delay is longer.
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Hand Design of the Decoder
T CHIH-GHTEH WG (PEMNTS) |

\ FPhate J Fielb BILL Hie -~

| foud B2 (Capllyurc) = 60,8772 FF

za,ﬁfz‘(zrw(szfw): 48safF GoboEs -0k e
ﬁﬁa ru)wﬁtg S, he. W@mﬂ ablasu] the Al
G, couldd b ealeodated by Hand o1 by Codence <itmction
5me¢ ladence i mvt peeurnde, yr ya Codlempe vesatt, 326~ 13. 1145)F

Ao g Aifirent confignsating, e und W bed iighmertitin
thai W#M 4=1 i .

-y’ *g ﬁ' 5 47 . 7
\ ’r“ié/ 4__45:{ Zi—r Zf—/
! I D.,._D.,I_@ ;
S 5 7 j?@féomz#

D '.i«ae dw«mémz,wdl[ m'gpmz/wf/ﬂ & Z- 3btiugutt WD ,
,,,,,,,,,,,,,,,ﬂmw rf«mad’ e
eter . _F = B = 2¥0%b e 32 6= 7 S - Fel=2aze - 4-J =3.6c68
o ROF 2 Qf, 4’%575&4 e e Tt s
2 _‘£r=f,7, £ ffrf}-f; ol > Lo = @*‘7f 7,598 fF
8 Silarly G AT = g argfr G 4—”4‘1"74477#
K’"_iﬁhz% BuUS2EE ,Qn,——',@—"‘z- z.22404F < 3fF

64/2#&
Mz 936
NDUM.M&'() Mwﬁ M‘Ff;;,&,) "ﬁeqﬁtc’/'w/rceﬂm";ﬂ?z,um

Go= 6.5 25 050um T um-32 +2~:¢4f x [ Jamx 32 = 864 FF

Feolot _ ’Wrzﬂﬂ? B<4 ) 6<% | -2.695 2
Cing =4 ;";ﬁ@ 5“; 16,7790 Cuz = @%;35 = 7. 8824HF
£ Gz = "= =0.21485fF  Cui=2,224¢ fF
L S) = |} e inverler, o= * 3,67227 widu jygpiter , So= 7,0449% uin —
5 K 55’03%;'“&55 2.0280 X iiH yandy Sé LRSI0X e eie s
Wordline Capacitance = 12.60438 {F .
- .

and i “iv
. e )( 2 E\;;e N s
g LF 3 HE ”'“"t/@ ™
P. T

T {r I
We calculated the path effort, and we found that the optimal stages is 6 with the schematic above. In the
layout we need to make the width and length to the closest multiple of lambdas. Therefore, the widths of
pmos and nmos become the widths for PMOS and NMOS are listed below (from left to right of the
schematic). Lengths are all minimum length 024um.
PMOS Width (um)= 0.72 2.64 1.5 54 144 534
NMOS Width (um)= 0.36 1.32 222 2.7 216 2.64
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