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Which inductance?

Core flux Apparent inductance
linkage (We)
A Incremental
inductance
Effective
inductance
Stored |
energy !
: =
Initial Electrical
inductance current (A)

6

%2
En = 1021 Ee
. 1/02 .
B = 5027 Ee
#
%% 1/ ) % %!
$ 9: % )
B 1
°T VIC
EL()SS - 2_7[-%20
w 2R
— 9 — 1 —
O e R { (
0% %% *
1-  *; ) - %1
%)
%

s ()
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93:
97?:
3)
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Q=2m (1)

energy.loss.in.one.oscillation.cycle
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3 %- ) - 0* % rolE = —jupH (3)
Yo ) Yo rotH = jweE (4)
o) divD = 0 (5)
% % < <) divB =0 | (6)
* [ * ) 19 0% H=-—1oE (7)
Wiy
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Self Inductance Ls2 - error (Z) to hfss

errllzsmeas

0.1 0.7

Mldmeas
M2dmeas
M3dmess
MaZmeas :

1.3 1.9 2.5 3.1 3.7 4.3 4.9 5.5 6.1

1.40GHZ
2 .48GHZ
3.40GHE
5.20GHzZ

GHZ
=3.2090206
2790725
-2.342552
-1.272302

Parameter

AC resiztance - error (X) to hfzs

2.5
10
7.5
5
Midmeas
2.4
0
-2.5
3
o 07 1.3 1.9 285 3.1 3.7 4.3 4.9 5.5 6.1
GHZ
Mldmeas: 1.40GHZ 2.532123
MzZdmeas: 2.496HZ -1.964712
M3dmeas: 3.40GHZ -3.362618
Ma2meas: 5.206HZ -1.033507

deseription

Self-Inductance 1s2|1.s2=—imag(1/mdos. Y (1,1))(2*pi*freq)
AC Rasistancs Rac Rac=raal{1/mdos..¥(1,1))
Q—Factor Y 11 bas&d: Q11=-imag(mdos..Y (1,1))real(mdos. ¥ (1,1))]includes parasitics to substrat

errllineas

iil-factor Y1l bazed- error () to hfss

2 [j2]
5 =
M24meas
ey
-4
a5
-G
-8
10
-1z
-14
0l 07 1.3 1.9 2.5 3.1 3.7 4.3 4.9 5.5 6.1
GHZ
Midmeas: 1.40GHZ -5.6d44405
MzZdmeas: 2.48GHZ -1.239665
M3dmeas: 3.40GHZ 1055561
MEzmess s 5.20GHZ -0.241285

comments

inchades parasitics to substrat
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Self Inductance Ls2 - error ¢X) to package 0 AC resistance - error () to package

errilswafer
errlRacwafer

-11
o1 0.7 1.3 1.8 2.8 3.1 3.7 4.3 4.9 5.5 6.1
GHZ
Miduwafer: 1.40GHZ -0 .466954

MzZduwafer: 2.49GHZ -1.363930
M3duwafer: 3.40GHZ -Z2.576141

.14 0.7 1.3 1.2 2.5 3.1 3.7 4.3 4.9 5.5 6.1

GHZ
Midwafer: 1.40GHZ -0,120557
Mzdwafer: 2.45GHZ -0.515739
M3dwafer: 3.400HZ -1.015143

M3zwafer: 3.20GHL -2.627153 MS2uafer: 5.206HZ -7 .532426
freq (Glz 0 [[20 [25 [30 [50
) % 1 Loss tangent (tan &) | !
0 - 5 I
* : I ) 0p | ) Dieelectric constant (¢,) | I | |
, ) % 1% % * 1 o- 7
I - %Ny x ) )y  I*11
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GMR 51.00—_
GMR= 02233W+t) gu.su—:
060
G/ * ) %% ]
G ) %% 040 -
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G %* 9: u.zu—:
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_ Angoft Corporation XY Plot 1 Curve Info
$) ' E G —/ 00,00 -

Setup
Frege
" 0% I %/ - ; s
) % % !! % ) ) zauun—_
$ - * % ]
)I % n | znnnn—_
E
T % )1 .
f‘ 150,00 —
I % % % %
100,00 —
% % % (/ >
- ! % * EDDD;
$ ) % 9% JIRNN N nnunnna====cccuSNARRERRNRNANARNANARD
DAE;%DU DD‘DD‘ 5‘00‘00‘000‘00‘ 5‘50‘00‘000‘00‘ éUD‘DDIDUD‘DU‘ ‘EﬁU‘DUéUD‘EDUI ‘TDU‘DU‘DDU‘DD‘ 7‘50‘00300‘00‘ E‘UD‘UD%DD‘UD‘ éSD‘DDD‘UD‘.DU‘ ‘QUD‘DD 00.00

n ) % 9"
" * *0 > ) %

L Y 4+@ 6 %1%*; 1)
% 37M ** : )l *
1% 1) * 0 34M * ) -% <
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(/ / 1% !
% % ) % N)!
I % ! 8
% - %* % $ (
) b )
8 * ' * %
L/ % ) %
1 % ) %
% - $
AC Inductance Matrix / pH
1n:1nc 1p:1pc 2n:2nc 2p:2pc
1n:1nc 7.89 541 3.82 3.74
1p:1pc 541 7.68 4.03 3.88
2n:2nc 3.82 4.03 7.62 5.39
2p:2pc 3.74 3.88 5.39 7.91
$
/ n ) * / *%

% %O

8.

6. 2330e+005
4, 2612e+005
2.3285e+005
3,75922+004

% | 8 %% %
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( %% 1 - %% ! % * 9" %< #:
1% * ) %% %) <) ** - ( %$ % 1%
_ * * " (
# %* ! * % 1%
( %$ L A
AC Inductance Matrix / pH
Ininc |1pdpc  |2n2nc |[2Zp2pc [gndLlglc |gnd2:gnd? gndmigndnic
Inlinc 816 554 372 329 5.63 293 443
1p:dpc 554 8.09 4.40 375 447 329 551
2n:2nc 372 4.40 8.08 553 328 4.45 553
2p:2pc 329 375 553 814 2 5.62 4.44]
gdlglc 563 4.47 328 29 830 265 377
gnd2:gnd2 293 329 4.45 5.62 265 827 377
gndmegna 443 551 553 4.2 377 377 Jactasel

§, 1584005
3, 907564096
3, 64B5c+006
3. 39854006
3. 134Ee+006
2. B7EEL+295

2. 622Ee-008

L Z.3667e-006
E 2. 1187 e+e05

1. B547e+006
. | 150884005

1, 342Be+206
1, BEEIe 005

8. 3089 +B05
5. 7493005
2,1896+005
6. 2997e+00Y4

[ (## o %l 8 %% %

. AMD(

The future is fusion



#$ $
62 &

7

%&' ( #

(+$ -

J

) (4

N

)!

1

= 8

%

% "%
- %

' %

8 % % <
% *1/ 1%
1 8 % % )
- % % *1J
1% 1- %

$ - 1% 1/ |/
8 % ) 8
*oop x 1 10
/Iy 11/
8 % % *
1% %

)% * %
- % )

(## % * | *
9B "

H

/

9% <

% * % 9! 19%:
* ) * 9/ *):

AMDZ

The future is fusion



#$ S W& ( # ) ( *+

62 & .(+% - .
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||% * _ * <PQ GPQ39'<R
% % )% ! 1 ' * %
! ) | % ! -
o) % 9) %% %
$ - - %)
AC Reluctance Matrix
n:inc 1p:ipe 2n:2nc 2p:2pc gndt.glc |gnd2:gnd2c|gndm:gndmc
n:1nc 0,31 0,12
1p:1pe 0,12 0,31
2n2nc 0,32 0,12
2p:2pc 0,12 0,31
gndl:glc -0,13 -0.01 0,23
gnd2:gnd2c -0,13 0,24 ity M
gndm:gndme 0,12 0,12 0,31 ™ s e
"% 9 % % l;::::?::z
1 "% * [ o 0l 8 %% %
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2D Parasitics
Parasitics Extraction

3D Parasitics
Extraction (RLCG)

optimization capability
parametric analysis

3D Full Wave
FD EM Modeler

FWS

(RLCG) (material/3Ddim)
: .
HSPICE - PSPICE - SPECTRE Scattering Parameter
A
ELECTRICAL
Time Domain Analysis SYSTEM Frequency Domain Analysis
SIMULATION

A

%

Scattering Parameter

HSPICE - PSPICE — SPECTRE

?
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2 : + )
T (. - G%&
Testcase |[PEEC Return Limited (RL) Delta PEEC vrs RL (%)
Ls_avg/nH |Lloop_ avg/nH JLs avg/nH |Lloop avg/nH |JLs avg/nH |Lloop avg/nH
A 1.39E-02 4.32E-02] 1.26E-02 3.86E-02 9.7 11.8
B 1.38E-01 4.33E-01] 1.24E-01 3.79E-01 11.2 14.1
C 1.38E+00 4.30E+00] 1.24E+00 3.79E+00 11.2 13.4
D 6.76E+00 2.12E+01] 6.19E+00 1.89E+01 9.2 12.1
Testcase JReturn Limited (RL) Q3D Delta RL vrs Q3D (%)
Ls_avg/nH |Lloop avg/nH JLs_ avg/nH |Lloop avg/nH |JLs avg/nH |Lloop avg/nH
A 1.26E-02 3.86E-02] 1.60E-02 4.48E-02 -21.1 -13.7
B 1.24E-01 3.79E-01] 1.44E-01 4.44E-01 -13.9 -14.4
C 1.24E+00 3.79E+00] 1.30E+00 4.32E+00 -4.6 -12.1
D 6.19E+00 1.89E+01] 6.12E+00 2.09E+01 1.1 -9.5
Testcase |PEEC Q3D Delta PEEC vrs Q3D (%)
Ls avg/nH |Lloop avg/nH JLs avg/nH |Lloop avg/nH |JLs avg/nH |Lloop avg/nH
A 1.39E-02 4.32E-02] 1.60E-02 4.48E-02 -13.4 -3.5
B 1.38E-01 4.33E-01] 1.44E-01 4.44E-01 -4.2 -2.4
C 1.38E+00 4.30E+00] 1.30E+00 4.32E+00 6.1 -0.3
D 6.76E+00 2.12E+01}] 6.12E+00 2.09E+01 10.4 1.4
, - 1% % !G 3S ?S>79 A™M9 3T 7
S @ - A+ I 3+M* 1%
"o *§ # (## ) )
Yoo #AF ) %
1% AMD{1
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( ) ] . #
RC RLC Return Limited (RL) RLC PEEC
#| filesize filesize Lxx Lxy filesize LxXx Lxy
A 2856 2339 2 1 2573 2 1
B 2859 2340 2 1 2808 2 1
C 3275 3059 4 10 3977 5 13
D 3988 4781 9 45 6693 13 63
E 5420 10312 19 190 15468 29 285
F 9797 43625 49 1225 69800 78 1960
G 16984 156357 99 4950 265807 168 8415
H 32626 623196 199 19900 1121753 358 35820
J 79084 2552562 499 59700 4849868 948 113430
K 156449] 2615832 999 79800 5100872 1948 155610
# . % " - " > (## 9
netlength normalized Increased simtime (%) compared to RC for
to designsize 1 selected net 2 selected nets
0.1 495 724
0.2 1080 1630
0.5 2285 3240
0.8 3150 4280
I % - ) % ) )! !

AMDZ
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2 : )
(., . #<(*C ( =
RLC [RLC extraction (A) RC |RC extraction (B) RLCvVRC
cc limit | filesize  delta tsim delta cc limit | filesize delta pct tsim delta | filesize tsim
0] 233123 100% 54.3 100% 0] 182212  100% 6.9 100% 128% 786%
1| 67380 29% 30.9 57% 1| 18645 10% 25 36% 361% 1232%
10| 60460 26% 21.2 39% 10| 18645 10% 25 36% 324% 844%
50| 33875 15% 15.9 29% 50| 10237 6% 3.0 44% 331% 522%
60] 22795 10% 15.0 28% 60| 10188 6% 26 3% 224% 583%
70| 16618 7% 12.3 23% 70| 10188 6% 26 3% 163% 477%
80] 13316 6% 8.7 16% 80| 10188 6% 26 3% 131% 337%
100] 11844 5% 3.3 6% 100] 10188 6% 25 3% 116% 129%
% %) 93444M *# -% " % 9:- "% 9l
Lxy JRLC (RC no coupling limits) (C) Lxy JRLC (RC coupling limits 1%) (D) RLC(C) vrs RLC(D)
cc limit | filesize  delta tsim delta cc limit | filesize  delta tsim delta | filesize tsim
0] 233123 100% 54.3 100% 0] 67440 100% 30.1 100% 346% 181%
10] 233123 100% 54.3 100% 10] 67440 100% 30.1 100% 346% 181%
50| 208075 89% 44.9 83% 50| 42392 63% 31.3 104% 491% 143%
60| 197044 85% 45.3 83% 60| 31361 47% 29.3  97% 628% 155%
70| 190867 82% 325 60% 70| 25184 37% 24.3  81% 758% 134%
80| 187565 80% 27.9 51% 80| 21882 32% 21.3 71% 857% 131%
100] 186093 80% 9.4 17% 100] 20410 30% 40 13% 912% 234%
% %) 93444M * % $ 9 : % :
"% 9" 1% %) :9:- " "9 1% 3M: % 9:
(*C ( ( ( $ ( ((

@ : AMDZT
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J : | (- +

! %% -% | )1 * o

1* 2<+<7 ) *% o) %
)! *%) % | *$ 9%/ 7!
% |RC spf RC 10 T1 % |RLC spf RLC t0 T1 % |RC 2 RLC %
T1 3510 0 4268 0 18
T2 5508 57 7020 64 22
T3 5648 61 7158 68 21
T5 5904 68 7422 74 20
$ . % OM:* " % |/ '3
27> 3 2@ "- " | -%
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Self-Inductance L= / nH
0.75

.85

0.5

L=
[
N

o
(%))

Lshtss
Lshspice

o.a5)] M4

3hfes ; et
WEEE@E e
S

e ———

0.39

0.3

0.4 1.1 2.1 3.1 4.1 5.1 6.1 7.1 8.1 9.1 10.1

GHZ

%* $ > | 1

$)! - 1)%) % ) )

i >1 % ) %

% - 0% ) % *; I

Raclhfss
Racihzpice

L

L]

L

AC resistance

B
.1 1.4 2.1 34 4.1 54 6.1 P B 9.4 10
GHZ
L) % )%

A
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Schematic template n = 64 lines

131 LIB:rr||LIti|fn

=1Ini |

! % [ #

Simulation setup

Signal V1-Vn Period slew edge TS voltage
' (I .
s11*p. except signal s1132p) TP = 400p | TR=TF=50ps TS=TP2-TF-TR | 1.8V 19+ +: 3+

<1132 = = =5 3 — 3 L%
s1132p TP = 800p | TR=TF=50ps  TS=TP/2-TF 1.8 % %

VDD=1.8V .TRAN = 800ps ) %

g AMDZ
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K& #

tdelay devation (nominal values) RC us RLC extracted netlists

series of nsetime (10ps, 20ps, 50ps, 100ps)

100.00

10.00

o e

////////

—e— trise 10ps
/ / —&— trise 20ps
0.01 / — —trise 5QDS
trise 100ps
0.00 ‘
10 100 1000
, * F % - !
* *0%/l - %

1 % 1- ?44)
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