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000000D000000000000000000
0oooo

00400000000000000000000
0000000400 100ns0000000000
000000000 10MHzO0OOOOOO0O0O0O0O0O
004000000000000000000000
00000000000

000ONopOOOODOOODOODOOODOOOOO
000000000000000000000000
0000 20000000000000000000
0000000000000000000

00 1I0ROMOODO

0020000000000000000

00 30000000000000000

00 40000000/0000000
000000100 CPUODOOODOOOOOO00
O000000OROMOOOOOOODOOO0OOOOOO
000000000000000000000

3.2 000000

0 8000000000000000000000
0oooooo

(1) Do4000

00400 80000000000000000
0000000000000000000000000
000000000000000000000000
00000000 1000000000000000
0000 1000000400000000

(2) 0DO203000
000000/0000000000000000
4000000000 1100000000000
00000000000/0000000000000
002030000000 120

(3 ODo1000

current{mA]

-1 — EHRIRVEL |
10 11 12 13
fps]

011 0040000
Fig.11 Repetition of current element No.4.

(w2 )\ ER3
% 8%

current[mA]

flns]

012 00 203000
Fig.12 Extraction of current elements No.2 and 3.

current{mA]

n Il n
9 10 11
fps]

013 001000
Fig. 13 Extraction of current element No.1.

o000 120000000 2030000000
goooooooooooooooooboooboob 10
oooooo 13m

3.3 ODO0U0O0OO0OOO0OO0oO0oOoO0obO

000000000 “add” 0 “mov” OOOODOO
oooooocpUOODOO RAMODOOOOOOO
O0000add000O0O00DO0OO0OOOODOOCPU
O0 ALUDOOOOOmovOO00O0DOODOOOOO
gooooooooooooooooooooboooboo
0000 RAMOROMOOOOOOOOOOOOO
goooooooooooooboooooooboooboo
RAMUOOOUODOODOOOOOOOUOOO RAMO
goooooooooooooooOooooDboDbo

449



00000000000 2010/11 Vol. J93—C No. 11

00000 3.20000000000 Noplo0OO
0000001000 addOO00O0 movOOODOO
goooooooooooooobooOoooooobooo
ooooooooooooooobooooooDoODbDOo
goooooooooooooooOoooooobooo
ooooooboO0oo0ob 3.20000000 10400
ooobooooooooOOOO0D0OO0O0D0 1400 16
00000 140150000000000 160000
000o0O0O0000000add00O0O0O0O0OOOO
OOORMAOOOOODOOOOOOOODOOOOO

— &% (ALU)

current[mA]
T

(i .

%?

fps]

014 addO0OOOOOOO
Fig. 14 Power supply current in the case of executing
“add”.

6

lww (Lurs)
4l J

current[mA]

(=

MWW\A«i.Ll.LVJMWvMW,-

2k i

N
W
(=2}
3
oo
o

3
tus]

015 00000000000000O0
Fig. 15 Power supply current in the case of writing
data to a register.

6

[ T mx (RAM)
4

0 HFMMM{M-*lﬁLlLl-Lﬂ.MN.«

2k i

current[mA]
o]

N
w
(=2}
3
oo
K=l

3
fps]

016 RAMOOOOOOOOOOO
Fig.16 Power supply current in the case of writing
data to RAM.

450

20203000000 200000000000O0OO
gbooboooooboooboooobooobobooon
gboobooobooooobooobobooobobogon
gboooboooooboooboooobooboobobooon
gboooboooooboooboooobooboobobooon
ooooooo203000000000000o0ad
goooooocooooooobooOoooooobooo
oooo

4. 0J0O00O0O0OOODOOODOODOOO

goobooboooooobooooooooboo
gboobooooooooboooboobooobobooon
gbooboooobooooobooboobooobobogoon
gbooobooooooboooobooooboobooooo

4.1 0000000000

oooooooocoooboooobocooooooo
gooooooooooobooooooooooboooo

O 1wwooooooooooooooboobooo
goooooooooooooboooooooDoooboo
000000 170 Errort D 00000D00O0OOO0O
gboboooooboobooobooboobobooaon
gbobobobooooooooooboobobobon
gboooboobooooooog

o000 200000000000040000O
goooboooooooooobooOoooooobooo
goooooocoooooooobooooooobooboo
goooooooooooooobooooooobooboo
gooooooooooooooooobooOObOObOO
gboobooooboooooboooobooobobooon
gbooobooooooooboooobooobobooon
gboobooooooooboooobooobobooon
gbooobooobooboooboooobooobobooon
gooooooooooooooooooooooo

1 [x109

T
Derivative |
(right axis)

== == Current
(left axis)

current[mA]
di/dr [A/s]

017 0000DO000OO0O0OO0O0O0000
Fig.17 Composition error due to discontinuity of
current.



gooooooooooooboboo 8sbobooooooooooobboooDobo

[x10°]

]
— Derivative !
(right axis)

current[mA]

difd [A/s]

018 OD0000O00oOooooooog
Fig. 18 Recomposed wave with compensation of dis-
continuity.

019 0040000000000
Fig.19 Compensation method of discontinuity for

current element No.4.

000 1000000000000000000 18
000000000000000000000000
00000000000000 1700000000
000000000000
0040000000,/000000000000
000000000000000000000000
0000000000000000000000 40
000000000000000000000000
000000000000000004000000
0000000000000000000000000
0190000000000000040000AO0BO
000000 Ay0OODO000 i=y+Ay/2000
000 ABOOOODOOOOOOOOOOOO0OOO
00000000 A'0B' 000000000000
00000000000000000000000
02000000000000000000000
000000000000000 60000000
00000000000000000add, 0000
O0O0ORAMOOOOOOOOOOOOOOOOO
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
CFIDO0O0OO0DD 20000000000000
000000000000000000000000

add  0x00, DO #ELE

mov  0x00, DO #HUOREEEAH
add  0x00, DO #ELE

mov  0x00, (0Xx00F0) #RAMEEAH
mov  0x00, DO HORFEERAH
mov  0x00, DO HUORIEERAH

mov  0x00, (0x00F0) #RAMEEAH
mov  0x00, (0x00F0) #RAMEEAH
mov  0x00, (0x00F0) #RAMZEEAH
add  0x00, DO #ELE

mov  0x00, DO HUORFIEERAH
mov  0x00, (0Xx00F0) #RAMZEEAH

mov  0x00, DO HUDOREEEAH
add  0x00, DO #ELE
add  0x00, DO #ELE

02 OD0000O000DDOOD
Fig.20 Target program for current analysis.

: : : —
S Measured |
— Simulated
<
£
]
L
=}
=
o
/[ ps]
021 000000
Fig.21 Current analysis result.
2 T T T T
**** Measured
— Simulated
g,
<
E
]
S 0
-1 L L L L

2 22 24 26 28 3
fps]

022 00000000
Fig.22 Current derivative analysis result.

goooooooooooooooOoooooDooobo
goooodooooooocooooooooooa
oooooo ROMOOOOOODOOOD 10000
oooooooO0oooo0b 10MH2O0O000 100
oooo 2100 22000000000000000
goooooooooooooooooooooooo

ooooooboooooooooooooooooo
oooo0e2kHzO0O0OOOOOOOODOOOOO
ooooooooooO0O0O0O000 10MHzODOOO

451



00000000000 2010/11 Vol. J93—C No. 11

T
Measured-|
©  Simulated
noise floor|

Frequency[MHz]

023 RAMUOUOOOOOOOOODOOOODOO
Fig.23 Current spectra at writing data to RAM
repeatedly.

00000000000000000000000 22
0000000000 —0.5mA/ns 00000000
000000000000000D000000000
0000000000000000000 22000
00000000 86%0000000000000
000000000000000000000000
000000000000000000000000
000000 (L)0D0DD00000 (Ldi/dt) 0000
0PIDODOOODDOOODOOOOOODOOOO
0000000000000000000000

4.2 00000000000

RAM 000000 mov 0x00, (0x00F0)OO0 000
00000D000000000000000000
00000000000000000 RAMOOOO
000000000000000000000000
00000000000000000000 10MHz
0000 1000000 230000000000 24
0000D0000D0000000000 230000
10MHz0DOOOOOD00O03.3MHz05MHz 00
000000D0D000D00000000000000
000001/300000000000000000
024000RAMODOOO0O0D00O0D000 3clock
00003clock 000 RAMOOODOODO0O0O 160
00000000000000000001/2000
0000000 240002clock 000000000
00000 ROMOOOOOOOOO 13000000
000000D000000000000000000
0000000000D00000000000000
000000D0000D00000000000000
000000000000000000000

0000 2400 100MHzOOOOOOOOOO
000000000000000000000000

452

éimﬁlatea

T T T T
i Measured,

RAMT 7 E ADE—7

* 3 clock \} B

5F 3 clock
r |
¥

current[mA]

A
2 2.2 2.4 2.6 2.8 3
f[ps]
024 RAMOOOOOOOODOODOOO
Fig.24 Current wave form at writing data to RAM
repeatedly.

10MHzOOOOOOO100MHzOOOOOOOOO
gooooboooooooooobooooooooobo
gooooooooooooobooooooobooo
0o0o000ooo0O0001GHzO0O0O0OOOOO
goooooooooooooobooooooDboDbo
goooooooooooooooooooooobo
goooooooooooooOooooooooobo
03GHzO0OOODODOOOOOoOO0oO0ooooooo
oooo

5. 0O 0O O

godoo8oUoooooobooooooboooda
Ood0ooooooooooooobooooobooa
Oodooooooooooooobooooobooa
gobdddoododoooooooooooooboooDb
Oo0d00oo0oooooooooooooooood
goboobobooobooboobobooobooo
goboooboobooobOoobooboobooobooo
goboooboboooboobooooboooboo
goboooboOobOoobOooboobooboooboo
godoobooooboooboooooooooooa
go0oooooooboooooooooooooon
godoooooooooooooboooooboa
Ooddoooooooooooon
Oo00d00oooooooooooooooooon
gobooobooboooboobobooobooobooo
goboooboobooobOoobooboobooobooo
000ooooooooooo LEccsooooog
goood
0 O
[1] M. Swaminathan and A. Engin, Power Integrity Mod-

eling and Design for Semiconductors and Systems,
pp-16—17, Prentice Hall, Upper Saddle River, NJ,



gooooooooooooboboo 8sbobooooooooooobboooDobo

(2]

(3]

[4]

(5]

6]

(7]

8]

9]

(10]

(11]

(12]

(13]

(14]

(15]

[16]

USA, 2007.

gooooooooooo0 Oooooooo<“goood
goooooooooooooOooooor ooobooo
EMCJ2008-6, June 2008.

S.B. Dhia, M. Ramdani, and E. Sicard, (eds.), Elec-
tromagnetic Compatibility of Integrated Circuits,
Chap. 5, Springer, NewYork, 2006.

IEC 62433-2 Ed. 1.0, EMC IC modelling - Part 2:
Models of integrated circuits for EMI behavioural
simulation — Conducted emissions modeling (ICEM-
CE), Oct. 2008.
gooooooooooooooooooog oooodg
goooooooooOoooooooooo Oo«Lsid
gooooooobo EMIOOOOOOOOOOOODR
0000 B vol.J86-B, no.2, pp.226-235, Feb. 2003.
0000000oooooooooooooooooooo
goooOo«“LeEccs0OoO0OO0O0boOoOO LsioonooE
00000EMCJ2003-119, Dec. 2003.

K. Nakamura, T. Toyota, O. Wada, R. Koga, and
N. Kagawa, “EMC macro-model (LECCS-Core) for
multiple power-supply Pin LSI,” 2004 International
Symp. Electromagnetic Compatibility, Sendai, Japan
(EMC’04/Sendai), 3A1-4, pp.493-496, June 2004.
00000000000000000000000000
o0oooooo oo«coooOooOoO0O00000O0Og
0 LECCS-core 00 0000OD ODODOO CHvol.J89-C,
no.11, pp.833-842, Nov. 2006.
goooooooooobooooooo0oo ooooooo
gooooooooo«“g0oo0O Lsioooooood
00000 3000 LECCS-core 000D O0000OBMI
vol.J93-B, no.2, pp.332-340, Feb. 2010.

A. Gstottner, T. Steinecke, and M. Huemer, “Ac-
tivity based high level modeling of dynamic switch-
ing currents in digital IC modules,” Proc. 17th Int.
Zurich Symp. Electromagn. Compat., pp.598-601,
2006.

S.Y. Yuan, C.F. Yang, E. Sicard, C.K. Chen, and
S.S. Liao, “EMI prediction under different program
behavior,” 2007 IEEE EMC Symposium, pp.429-432,
Honolulu, USA, July 2007.
S.Y. Yuan and W.S. Huang,
model for pipelined microcontroller EMI behavior es-
timation,” 2009 International Symp. EMC, Kyoto
(EMC’ 09 Kyoto), vol.1, pp.429-432, 2009.

D.A. Patterson and J.L. Hennessyd 00 000000
“O000000O000ooOoOoDoOoOOOOoOoOoOoOOg
0002000000 60000 BP OO1999.
“MN101CF91D LSIO OO0 2100 0000000
2005.
gooooooooo«coooobo0o0oO0o0o00O000
00000o0ooooooooOo 0D000AOvol.122,
no.3, pp.315-321, 2002.

T. Harada, N. Masuda, and M. Yamaguchi, “Near-
field magnetic measurements and their application to
EMC of digital equipment,” IEICE Trans. Electron.,

“Instruction current

vol.E89-C, no.1, pp.9-15, Jan. 2006.

[17] 1IEC 61967-6 Ed. 1.0, Integrated circuits — Measure-
ment of electromagnetic emissions, 150 kHz to 1 GHz
— Part 6: Measurement of conducted emissions —
Magnetic probe method, June 2002.

0 g

000000000000000

00000000000 00000000000
0000 [17]0 Annex BOOOODOODOODO A-1
000000000000000000000000
000000000000000000000000
000000000D00000000000000
000000000000000000000000
ooo

00000000000000 () 000000
000000D000000000000000000
I(w)JODOOOO FO]0O00D000000000

Ca

H(w) = & -Cr () Flup (t)] (A-1)

0000Csf(w)DOODODOUOOOOODOODOOD
gooooobooooooooooooooooooboo
000o0o0o0oUooooooOc,0no A-1o00
goooooooooooooboooooooboooboo
oo yOoooooooooooooobooo
00D WwWooooooooD I(w)Doooooooo
O00oU00oo00oo0ooO0o0oO He(w)oono
Ilw)DOOODO C,0000000000DUOODO
oooooooocooooooo

hl(w)

H.(w) = T = Chnl(w) (A-2)
h
On = TV 20 (A-3)

gboobooooooboooboooobooboobobooon

y Probe
[l
zé_.x I Hy(@)
D|Y
l(w)
0
w N h
/!
ground plane ———am@mE  djelectric
—l(w)

0O A1 DOO0OOO0OO0OOOoOoOoooo
Fig. A-1 Cross section of micro-strip line.
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