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O Majority of modern TDCs is based on some
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o Frequently used
%- Fb-l ru;‘r -I[;l in PLLVCOs and
i some DLLs

o Consumes Static
Bias Current

- — [1] J. G. Maneatis, “Low-jitter process-
independent DLL and PLL based on self-biased

techniques,” IEEE J. Solid-State Circuits, vol. 31,

no. 11, pp. 1723-1732, Nov. 1996.



Vernier Delay Line TDC
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O What if resolutions lower than minimum propagation delay is required? = Vernier Delay Line

0 START signal propagates in the Slow Delay Line (t, 0w > tp fast)

tp_fast tp_fast tp_fast tp_fast tp_fast . . .
STOP l e l le 3 l ca l N O STOP signal propagates in the Fast Delay Line
*  The START pulse comes first and initializes the TDC operation.
*  The STOP pulse follows the START with a delay that represents the
= Q =~ Q@ "= a3 " o = QN .
time interval to be digitalized.
> > > > > * At each tap of the Delay Line the STOP signal catches up to the
START START signal by the deference of the propagation delays of cells in
._M». Slow and Fast branches, i.e., t, sow — tp rast represents the LSB of
s1 s2 s3 s4 SN time measurement.
ty stow Lp siow Lp siow Lp siow tp stow *  The number of cells necessary for STOP signal to surpass the START
0 Q1 Q1 Q2 Q2 Q3 Q3 Q4 QN-1 QN signal represents the result of TDC conversion.
Compare to the simple Delay Line, Vernier Delay Line allows for TDC resolutions
below the minimum logic propagation delay in the technology but suffer from
higher power and area consumption and slower conversion times.
Binl Bin2 Bin3 Bind BinN

Characterizing the propagation delay in the technology
LSBrpc = ty siow — tp fast necessary for defining the TDC architecture
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SVT Propagation Delay: HL / LH VS Corners

Propagation Delay [ps]
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LH Delay VS Nf & L @SVT, VDD=0.9, temp=27 [SCH)

Ni=1
L=35n
4064
4536
35641
4175
3.945

LH Delay VS

Nf=1
L=35n
8784
9921
7.786
9.025
8.531

Nf=1
L=40n
4634

5.13
4179
4757
4502

N1

L=40n
9.738
1091
8.683
9.997
9.464

o TT

Nf=1
L=50n
5.8
6578
5.425
6.137
5.814

Nf=1
L=50n
1197
13.34
10.73
12.28
1164

b

Nf=2
L=30n
2504
3.26
2595
2989
2816

Nf & L @SVT, VDD=0.9, temp=27 (RCX)
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SVT Propagation Delay — Monte Carlo: HL / LH

standard Deviation [fs]
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HL Delay Std VS Nf & L @SVT, VDD=0.9, temp=27 (SCH)
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LH Delay Std VS Nf & L @SVT, VDD=0.9, temp=27 [SCHE
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1022 | 109 7055 62.06 75.87 2216 252 2877 3411 1195 1285 1767 1999 8927 9201 1011 1224 5729 6037 6854 B728
1157 | 1227 8271 7038 85.27 2601 2929 | 329 | 387.8 1399 1482 2006 2269 1038 1059 1148 1384 6587  69.35  77.74 9874
90.77 97.13 6076 55.05  67.81 190 2176 2517 2994 103 | 1119 1555 176 | 77.44 | 80.27 |89.13 1082 50.15 5297 6046 77.18
99.1 | 1064 67.44 60.01 7379 2264 2586 297.3 3533 1222 1316 182 2065 9112 541 104 126 5824 6157 70.02 8944
1058 | 1119 7428 7075 6442  78.24 SF|217.4 2457 | 2785 3292 1173 1257 1715 1936 B7.72 9001 0837 1189 5653 | 594 | 67.07 85.14
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1512 2171 1147 1185 1274 1485 e TT 5123 5143 5754 7069 2447 2523 3113 3511 1543 1807 1817 2101 1026 1126 1386 1526
2191 2467 1355 1377 1461 1698 55 6062 6035 6691 8211 2893 2945 3578 4043 1931 2078 209 2413 1196 1305 1587 1745
1678 152 9813 1028 1115 1323 oo FF 4361 4404 4958 608.1 2085 2173 2712 3045 1408 1578 1582 1831 8863 5739 1202 1334
161 2125 1104 1145 1238 145 FS 5282 5316 5958 7327 2517 2584 3225 3636 1689 1865 1875 2171 1053 1154 1423 1576
197 2224 1185 1226 1316 153.6 ®--SF 4985 4985 5562 6821 2385 2459 3004 3392 1604 1751 1759 2035 1003 1101 1345 1478

Settings:

Global Corner +
Local MC

5 corners:

Q7T 0.9V, 27°C
4 ss, 0.9V, 27°C
U FF, 0.9V, 27°C
a Fs, 0.9y, 27°C
U SF, 0.9V, 27°C

N° of runs per
corner: 200
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SVT Current Consumption: Leakage / Dynamic@1MHz
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L=30n L=35n L=40n L=50n L[=30n L=35n L=40n L=50n L=30n L=35n =l40n L=50n L=30n L=35n L=40n L=50n L=30n L=35n L=40n L|=50n | [=30n L=35n | [=40n L=50n L=30n L=35n =l40n L=50n L=30n | =350 |=40n L[=50n
--TT 09999 02912 0.1429 00708 2443 08041 04137 0.2034 5056 1872 1006 04828 9988 3932 2152 1012 --#---TT 0.6938 0.7056 07193 0.7467 05472 05774 104 1098 1826 1895 2024 2152 3581 3726 3.989 4.257
--§5 0.3725 0.1237 0.0651 0.0352 09042 0.3377 0.1849 0.0982 1874 0.7827 04462 0.2305 3.728 1643 0.9517 04819 -W---S5 0692 07034 07166 07428 05355 0568 103 1086 1811 1879 2006 2129 355 3.683 3952 4.212
--ke-FF 2804 0705 03247 01457 6885 1959 085491 04365 1423 4577 232 1043 2755 962 4965 2192 .- FF 0.6965 0.7082 0.7223 0.7508 0.9564 05868 105 111 1844 1914 2045 2176 3618 3763 403 4304
FS 1408 0.3847 0.1893 0.0943 3451 109 05605 02751 7145 2541 1369 0655 1365 5243 2899 1366 FS 0.693 07049 0.7186 0746 05457 05761 1038 1096 1823 1893 2022 215 3575 3721 3.984 4357
--@---SF 0.8011 02427 0.1157 00554 1811 0.6442 03232 01553 4.034 1498 0782 03675 8.412 3242 1701 07785 -SF | 0.6944 |0.7061 0.7199 0.7474 09484 00786 1041 1000 1828 1897 2026 2155 3586 373  3.993 43251




SVT Propagation Delay VS corners, VDD, temp

Propagation Delay [ps]
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Delay VS Nf & L @5SVT [RCX])
2z
TT, SS, FF, FS, SF tpuL + tpLn

20

18

16

&

=
[

e
=]

t,, RCX

Hi=1 WNf=1 Hf=1 Wi=1 Hf=2 Mi=2 Hf=2 Mf=2 Hif=4
L=30n

L=35n L=40n L=50n L=30n L=35n L=40n L=50n L=30n

=g TT (@ VOD=08; temp=-40 @+ 55 @ VDD=0.8; temp=-40 - @« FF @ VDO=0.8; temp=-40
—&_TT @ VDD=03; temp=40 —&— 55 @ VDD=0.53; temp=—40 —&— FF @ VDD=0.2; temp=-40
—& . TT @ VDD=1;temp=-40 —8-. 55@VDD=1;temp=-40 —=®- FF@ VDD=1; temp=-40
seobeos TT 4@ VOD=08; temp=27 ¥ 55 @ VDD=0.8; temp=27 -+« FF @ VDO=0.8; temp=27
e TT M@ VDD=09; temp=27 e 55 (@ VDD=0.5; temp=27 = FF @ VD D=0.9; temp=27
=« TT @ VDD=1; temp=27
=g TT @ VDD=08; temp=125 -+ g4+« 55 @ VDD=0.8; temp=125 .- 4+« FF @ VDD=0.5; temp=125

—— TT @ VDD=0 5; temp=175 ——j— 535 {8 VDD=0.9; temp=125 —g— FF @ VDD=0.9; temp=125

=+ 55 @ VDD=1; temp=27 = FF@ VDD=1;temp=27

=k TT@VDD=1;temp=125 =——k- 35 @ VDD=1;temp=1I% =——k- FF@ VDD=1; temp=125

35n =L40n

'

HF=4 Mf=4 Wf=B Nf=E& Mf=8

L=50n L=30n L=35n L=ddn

« F5 @ VDD=0.8; temp=-40 ---@- 5F @ VDD=0.5; temp=-40

F5 @ VDD=0.9; temp=-40 —&— 5F @ VDD=0.% temp=-40
F5 @ VDD=1; temp=—30 —=#& . 5F @ VDD=1; temp=-40
F5 @ VDD=0.8; temp=27 .-+ 5F @ VDO=0.8; temp=27
F5 @ VDD=09; temp=27 =i 5F @ VDD=0.%; temp=27
FS @ VDD=1; temp=27 =+ 5F @ VDD=1; temp=27
FS @ VDDO=0.8; temp=125 - & 5F @ VDD=0.8; temp=125
FS @ VDD=0.9; temp=125 =——gr— SF @ YDD=0.%; temp=125
F5 @ VDD=1; temp=125 =ik - 5F @ VDD=1; temp=125

VDD =--- 0.8V, — 0.9V, — 1V
temp = @ -40°C, x 27°C, A 125°C

Nf=B&
L=50n

* Best Case (Fastest):
FF @ VDD=1V & -40°C

* Worst Case (Slowest):
SS @ VDD=0.8V & -40°C



SVT Propagation Delay VS corners, VDD, temp
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Normalized Delay VS Nf & L @SVT (RCX) t

—p’ RCX
ty@r1T,09v,27°C

_ touL T tpin
PT 2

Best Case (Fastest):
FF @ VDD=1V & -40°C

Worst Case (Slowest):

el

R = = TR $iiS§=F = i S e == SS @ VDD=0.8V & -40°C

Nf=1 Mf=1 NE=1 Nif=1 Mf=2 Nf=2 Nif=2 Mf=2 Mf=4 Nf=4 Nf=4 Mf=4 Nf=8 Nf=& Nf=8 Nf=8

L=30n L=35n L=40n L=50n L=30n L=35n L=40n L=50n L=30n L=35n =L40n L=50n L=30n L=35n L=40n L=50n
e TT @ VDD=0.8; temp=-40 <@« 55 @ YD D=0.8; temp=—a30 @ FF @ VDL=0.8; temp=-40 ----#- F§ @ VDD=0.8; temp=-40 ----®--- 5F @ VDD=0.8; temp=-40 WorStcase ~1 9
el TT (@ WDD=09; temp=-30 sl 55 @ YDD=0.9; temp=-30 = FF @ VDD=0.5 temp=-40 F5 @ VDD=0.5; temp=-40 =8 5F @ ¥DD=0.9; temp=-30 Typical )
—a . TT @ VDD=1; temp=40 - 55@WDD=1;temp=-40 =—=. FF@ VDC=1;temp=-40 F5 @ VDD=1; temp=-40 —=. 5F@ VDO=1; temp=-40
soopges TT @ VDD=0.8; temp=27 --¥-+ 55 @ WDD=0.8; temp=27 -3« FF @ VDL=0.8; temp=27 F5 @ VDD=0.§; temp=27 -:-¥-- 5F @ VDO=0.8; temp=27
—e—TT @ VDD=09; temp=27 == 55 @ VDD=0.9; temp=27 =+ FF @ VDD=0.9; temp=27 FS @ WDD=0.5; temp=27 —— 5F @ VDD=0.9; temp=27 BeStCase
— TT @ VDD=1;temp=27 =—{. 55 @ VDO=1;temp=27 =—. FF@ VDC=1; temp=27 F5 @ VDI=1; temp=27 — + 5F @ VDIO=1; temp=27 — ~0 68
<oy TT @ VDD=0.8; temp=125 -+ &+ 55 @ VDD=0.8; temp=125 -+ -+ FF @ VDD=0.8; temp=135 F5 @ VDD=0.8; temp=125 -+ & 5F @ VDD=0.8; temp=125 Typical
—&— TT @ VDD=0.9; temp=125 —g— 55 @ VDD=0.%; temp=125 —— FF @ VDL=0.%; temp=125 FS @ VDD=0.5; temp=125 —j— 5F @ VD[=0.9; temp=125

—i. TT@VDD=1;emp=125 —k: 55@VDD=1;temp=125 —k- FF@ VDD=1; temp=125 FS @ VDO=1; temp=125 —k - SF @ VDO=1; temp=125



SVT Propagation Delay VS corners, VDD, temp S

Delay VS Nf & L @SVT [RCX) Delay VS Nf & L @SVT (RCX) QHHV

25 \ A 1250C b . 4OOC
/,/iﬁ:,\x _2°C VDD =1V, TT, S5, FF i§ X 27°C vDD=0.9V, TT, SS, FF

4T~ @ - 40 A 125°C ¢ Very small variation
A . .
Y A 125°C with temperature
237 Sy o o .
2 /.:-_’é’/."\\‘:“- A A Rl x 27°C (especially at
Wi "/f:-\\.\% 27 ‘\_; .f/\\ S § e @ —40°G =

A \\ e} A AN 47, 1 VDD=0.9V)

U2 W TN \\\‘}* e
s B W g ANET A AN g

¢ \ /: /,}{'/ \.;\\' = //J \Q%\ ’/%/ f/ d At VDD = O.8V the
as \{-,-;-*” \“ ,/ ~ .\\g & L . ’
- . 't 1

L=50n  L=30n  L=3Ss  Ll=40n  L=SOm

—+ 7T @VDD<1; temp=40 —8 - 55@ VDD=1;temp=-40 —8 - FF @ VDO=1;temp=-40 —X- TT @ VOD=1;temp=27 —X- 55 @ VDD=1; temp=27 —e—TT @ VDD=0.3; temp=-40 —#—55 @ YDD=0.5; temp=-40 —s—FF @ VDD=0.5; temp=-40 ——TT @ VDD=09; temp=27 ——S55 @ VDD=0.5; temp=27

—<= FF @ VDD=0.3; 1emp=27 =TT @ VDD=0.3; temp=125 =S @ VDD=0.; temp= 125 —k—FF @ VDD=0.3; temp=125
Delay VS Nf & L @SVT (RCX

—x. FF@VDD=1;temp=27 =k TT @ VDD-1;temp=125 —k+ 538 VDD=1; temp=125 —d FF @ VDD-1; temp=125

<+—— @ —40°C
+—_ X 27°C VDD =0.8V, TT, SS, FF

Propagation Delay [ps]

o

N1 nr=1 ni=1 NE=1 N2 N2 N2 nr=2 Ni=s Nr=a W3 ne=2 Nr=g nr=s =g s
L=3on  L=3sn  L=a0n  L=sOn  L=30n  L=3Sm  L=4On  L=S0 L=30n  L=35n  =l40n  L=SOn  L=30n  L=3Sn  L=a0n =501

.. TT @ VDD=0 8; temp=-40 S5 @ VDD=0.5; temp=-40 ---# - FF @ VDD=0.5;temp=—20 ---X-- TT @ VDD=0.;temp=27 --X--- 55 @ VDD=0.8; temp=27

- ¥ees FF @ VDD=0.8; temp=27

TT @ VDD=0.5; temp=125 +-+dhs+- S5 @ VDD=0.8; temp=125 -+« FF @ VDD=0.5; temp=125



Propagation Delay: SVT, LVT, HVT

TID-ID €v1 A/

Propagation Dalay [ps]

32

27

t,, RCX

Delay V5 Nf & L (RCX

L= 7 g \

ty

Lyasvr

Normalized Delay V5 Nf & L (RCX)

,RCX

Nf=1
L=40n

Mi=1
L=50n

Nf=2
L=30n

Hf=2
=35

Ni=2
L=40n

Nf=2
L=50n

Nf=4
L=30m

Nf=4
L=35n

Nf=a
=L40n

NE=4
L=50n

s VT @ 55 @ VDD=0.5; temp=-40 ==e==5VT @ TT @ VDD=0.5; temp=27 == SVT @ FF @ VDD=1; emp=-40
VT @ 55 @ VDD=0.5; temp=40 /T @ TT @ VDD=0.5; temp=27 /T @ FF @ VDD=1; temp=-40
«+ 84+ HYT @ 55 @ VDD=0.5; 12mp=-40 et HVT @ TT @ VDD=0.5; temp=27 ==be HVT @ FF @ VDD=1; temp=40

SVT

HVT

Ni=B
L=30n

Hi=1
1=30n

NE=1
L=35a

Nf=1
L=40n

Nf=1
L=50n

Nf=2
L=30n

NE=2 NE=2
L=35n L=40n

Nf=2
L=50m

Nf=4
L=300

Nf=4
L1=35n

NE=a
=L40n

NfzE =]

- Nf=3
L=30n L=3s

L=40n L=50n

Nf=g
L=40n

NfzE
L=50n

oo = SVT @ 55 @ VDD=0.8; temp=-140 stem ST @ TT @ VDD=0.5; temp=27 =i SVT @ FF @ VDD=1; temp=-40
WT@ 55 @ VDD=0.8; temp=-40 WT@TT @ VDD=09; temp=27 VT @ FF @ VDD=1; temp=-40
+« @« HVT @ 55 @ VDO=0 8, temp=-40 ==ge= H\'T @ TT @ VD=0 3, temp=27 == HVT @ FF @ VDD=1; temp=-20

---m SS; VDD = 0.8V; temp = —40°C
— @ TT; VDD = 0.9V; temp = 27°C
—--X FF; VDD =1V; temp = —40°C



Propagation Delay — Monte Carlo: SVT, LVT, HVT _ S

Delay std Vs Nf & L (RCX) Normalized Delay std vs Nf & L (RCX) (S | WY o\ Y

o, /0 RCX ; .
- o, ,RCX . tp/ Ttp@SVT Settings:
? = tl” [ L
N T . 5
- : * Global Corner + Local MC
HI .
. : * 5 corners:
H g
,-i- e
3 : TT, 0.9V, 27°C
! FURE—— g ’ . ’
’ Q ss, 0.8V, -40°C
§ ) Y. ’
1 -
-3 o
O FF, 1V, -40°C
—
- et L ]
\ - o N° of : 500
=== . of runs per corner:
@ 05
=t Hr=L =t =1 Hr=2 nr=2 =2 =z e=s = nr=s nr=a wr=s r=s Ni=1 NE=1 NE=1 NE=1 Nf=2 Nf=2 WE=2 NE=2 NP4 NP2 Nf=a Nf=d Nf=8 NP=E NE=E NP=8
Laan s Lesom Lesan Leaon L=asn L=son Lesan L=ron L=asn =aon Leson L=2on Leasn Leson L=son L=30n L=35a L=40n 1=50n 1=30n L=38n L=d0n L=50n L=30n L=35n =L40n L=50n L=30n L=35n L=40n L=50n
e SVT @ FF @ VDD=1; temp=-40 = * SVT @S5 @ VDD=0 8; temp=-40 ==lemS\/T @ TT @ VDD=0.5; temp=27 - SVT @ F @ VDD=1; tlemp=40 «+@+:5\T @ 55 @ VDD=0.2; temp=-40 =t SVT @ TT @ VDD=0.5; temp=27
LUT@ FF @ VDD=1; temp=—40 LT @ 55 @ VDD=05, temp=30 WT@TT @ VD0=05; temp=27 LT @ FF © YDO-1. tempe 40 T 8 55 © VDD-08 tempda 8T @ VED05: et 0_ — 0_ + 0_ 2
=g HVT @ FF @ VDD=1; temp=40 ++@+ HVT @ 55 @ VDD={.8; temp=-40 st HVT @ TT @ VDD=0.5; temp=27 =t HVT @ FF @ VDD=1; emp=-40 ++BesHVT @ 55 @ VDD=0.8; temp=40 =t HVT @ TT @ VDD=0.3; temp=27 tp tpHL tpLH
Delay std % VS Nf & L (RCX] Normalized Delay Std % VS N & L (RCX)
e .

ﬁ;RCX . (G‘P/utr)/(atp/"tr)@sw'RCX Ity
8 * — similar (+27%, -15%)

s § By
#
E
z for SVT, LVT and HVT
£ i or SVT, an
A H
3 a
= T
g i, structures
& =
H H
i SVI
) HVT
1 o8 . — . — o
o ww e we we a we we e e we we e we we ---B SS; VDD = 0.8V;T = —40°C
L=30n  L=35n  L=80n  L=50n  L=30n  Le3Sa a0n  (s50n L1=30n  Le3S  =Lads  LsS0n  L=30n  L=3Sn  l=d0a  L=SOn L=30a  L=3Sn  L=40n  L=S0n  L=30n =350 L=40  L=SOm  L=3On  L=3Sm  =l40n  L=SO  L=30n =380 L=a0a  L=SOn °
e SVT @ FF @ VDD=1; temp=40  ++@++5VT @ 55 @ VDD=03; temp=-40 wmtmm S\T @ TT @ VDD=0.5; tomp=27 e VT @ F @VOD=1;mmp=40 «+ @+ ST @ 5 @ VID=0.5; temp=-40 =g 3T @ TT @ VDD=0.3; temp=27 _. TT, VDD - 0 9V,T - 27 C
VT @ FF @ VDD=1; temp=-30 VT @SS @ VDD=0.8; temp=40 WT@TT @ VDO=09; temp=27 T @ FF @ VDD=1; temp=-40 /T @ 55 @ VDD=0.8; temp=20 WT@ 1T @ VDD=0.9; temp=27

HVT @ 55 @ VDD=0.8; temp=40 mebemm HYT @ TT @ WDD=0.9; temp=27 _"x FF; VDD = 1V; T = _400C

e HVT @ FF @ VDD=1; temp=-=30 «+ & ++ HVT @ 55 @ VDD=0.8; termp=—40 st HUT @ TT @ VDD=0.9; temp=17 e HVT @ FF @ VDD=1; temp=40 «



Current [na]

Leakage Current: SVT, LVT, HVT

TID-D e~1 A/

I leaka
ge
Ileakage: RCX

,RCX
I leakage@SVT

Leakage | VS Nf & L [RCX)

Normalized Leakage | VS Nf & L [RCX)
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Nf=1 NE=1 nf=1 NE=1 nf=2 NE=2 Nf=2 Hf=2 Ni=d Nf=d Nf=d NPz NE=8 =8 NE=E Ni=8 Ni=1 Mf=1 Hf=1 NE=1 nf=2 Nf=2 Hf=2 Nf=2 NE=s Nf=4 Ni=4 Nf=4 Hf=8 Nf=8 Nf=g =g
L=30n  L=350  L=30n  L=50m  L=30n  L=35n  L=40n  L=50n  L=30n  L=35n  =L&Dn LSO  L=30  L=35n  L=40n  L=30n =30 1350 L=d0n  L=SOn  L=30n  L=350  L=40n  L=S0n  L=30n  L=35n  =l40a  L=S0m  L=30n  l=35n  L=40n  L=S0n
o800 SYT @ 35 € VDD=0.2; temp=40 =8 SVT @ TT @ VDD=0.3; temp=17 =—He SVT @ FF @ VDD=1; temp=40 o Wea VT @ 5 @ VDD=D.5; temp=—40 st SVT @ TT @ VDD=0.5; t2mp=27 wette SVT @ FF (@ VDD=1; temp=40
VT @ 53 @ VDD=0.5; temp=40 WT@TT @ VDD=09; temp=27 VT @ FF @ VDD=1; temp=-40

WT @ 58 @ VDD=0.8; temp=-40 WT@TT @ VDO=09; temp=27 WT@ FF @ VDD=1; temp=-40
«o @« HVT @ 55 @ VDD=0.8; temp=-=40 e HVT @ TT @ VDD=0.5; temp=27 === HVT @ FF @ VDD=1; temp=-40

=+ @+« HVT @ 55 @ VDD=0 8 temp=-30 sefgemm H\'T @ TT @ VDD=0.9; temp=27 ==pe H\T @ FF @ YDD=1; temp=-40

SVT ---m SS; VDD = 0.8V; temp = —40°C
— @ TT; VDD = 0.9V; temp = 27°C
HVT —--X FF; VDD =1V; temp = —40°C



Dynamic Current @1MHz: SVT, LVT, HVT

TID-ID €v1 A/

L= 7 g \

Idyn@lMHz

Liyn@imuz RCX JRCX

lLiyn@1mMHz@sVT

Dynamic | V5 Nf & L (RCX) Normalized Dynamic | VS Nf & L (RCX
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ni=1 Mi=1 Hi=1 Nf=1 Nf=2 N=2 Nf=2 Nf=1 Hi=g Hf=4 Nf=a ni=4 NE=g Hi=E Wf=8 HE=g Hf=1 Hf=1 Nf=1 Nf=1 Nf=2 NF=2 NE=2 Mf=2 Nf=4 Mfz Hf=g ni=g NizB NfzE Nf=g Nf=g
L=30n L=35n L=d0n L=50n L=30n L=350n L=40n L=50n L=30n =350 =140n L=50n L=30n L=35n L=40n L=50m L=30n L=35n L=40n L=50m L=30a L=35a L=40n L=50n L=30n L=35n =L40n L=50n L=30n L=35a L=40n L=50m

++ @ s ST @ 55 @ VDD=0.8; tamp=-40 ==t SVT @ TT @ VDD=0.5; temp=27 === SVT @ FF @ VDD=1; mmp=-40
VT @ 55 @ VDD=0.8; temp=40 WT@TT @ VDD=0.9; temp=27 VT @ FF @ VDD=1; temp=-40
e 8 e o HVT @ 55 @ VDD=0.8; termp=—40 st HUT @ TT @ VDD=0.9; temp=27 mebe HVT @ FF @ VDD=1; temp=40

SVT

HVT

---m SS; VDD
—@® TT; VDD
—-X FF; VDD

1+ s SVT @ 5 @ VDD=0.5; temp=-20 metbmme SVT @ TT @ VDD=0.5; 12mp=27 =ee SVT @ FF @ VDD=1; 2mp=40
VT @ 55 @ VDD=0.8; temp=40 WT@TT @ VDD=0.5; temp=27 WT@ FF @ VDD=1; temp=-40
s HYT @ 55 @ VDD=0L8; temp=40==8==H\T @ TT @ VDD=0.5; temp=27 =M+ HVT @ FF @ VDD=1; temp=-40

= 0.8V; temp = —40°C « Dynamic consumption very
= 0.9V; temp = 27°C similar (+5%, -4%) for SVT,
temp = —40°C LVT and HVT structures



DCVSL Delay Cell
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Delay VS temp & VDD [SCH) (S | WY o\ Y
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