DC-DC

method: FDTD method

FDTD
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2. FDTD
2.1. FDTD [4,7]

[4]

[7]

FDTD

(9]
FDTD

Printed Circuit Board: PCB
[1]
[2]
[3]
PCB

[4] Finite Difference Time Domain

[5, 6]

SX-4

FDTD
PCB
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3 FDTD
3 2
PCB
PCB
50Q
PCB
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(1b)
1
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1kQ

1st Mur's ABC

(237.293,52)

1k€L2 Chip Resistor
(235,293,50)

[5]
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2.2. [10]
SX-4 1
64 GFLOPS 8GB CPU 32 32
256 1
do k=2,NZ1 do k=2,NZ1
do j=2,NY1 do j=2,NY1
do i=1,NX1 do i=1,NX1

if (idone(i,j,k)==0) then
!
ex(i,j,k)=ex(i,j,k)
+Ahz/Ay-Ahy/Az
else
if (idone(i,j,k)==2) then

ex(i,j,k)=ex(i,j,k)
+ Ahz/Ay-Ahy/Az
else
if (idone(i,j,k)==1) then

I
ex1(i,j,k)=ex(i,j,k)
+ Ahz/Ay-Ahy/Az
end do
end do
end do

do k=KA1,KA2
doj=2,NY1
do i=1,NX1
!
ex1(i,j,k)=ex(i,j,K)

ex(i,j,k)=0.0; + Ahz/Ay-Ahy/Az
else end do
! end do
ex(i,j,k)=ex(i,j,k) end do
+ Ahz/Ay-Ahy/Az
end if
endif ] ...
end if
enddo || ..
end do
end do do k=2,NZ1
do j=2,NY1
do i=1,NX1
ex(i,j,k)=ex1(i,j,k)
end do
end do
end do
(@ IF (b) IF




C FORTRANS0

(1)
(2)
(3)
3 (2) IF-ELSE
3 IF-ELSE
@)
PCB 4 FR4 &=4.9
1kQ
3 MHz FDTD
Ax=2.5mm Ay=5mm Az=0.35mm At
1.15ps 3MHz 3
N 8.7x=10° 2 Mur
2 (100><100><200cell  300>=<300
><400cell) Shielded Loop Probe
[13]
l 1.4mm
Side view
Copper Foil . .
- Resistive Voltage Source  1K¢2 Chip Resistor
T_y.
x 60mm
Top view
= 225mm g
4 PCB
2.3. FDTD
FORTRAN90 8 16 32
CPU N 1,000
User Time CPU

CPU 1 100><100><200cell 8



FORTRAN90 6.3 16 32
1 8 1.3
IF-ELSE
300><300><400cell 100>100>200cell
16
CPU 5
CPU
CPU
1 CPU NT=1000
CPU C language Fortran 90
100> 100> 200 100><100><200 cell 300 >< 300 >< 400
cell Unimproved Improved cell
Single 410 158 s 83s 1556 s
8 parallel 196 s 31s 23s 217s
16 parallel 256 s 92s 44 s 178s
32 parallel 384 s 148 s 137s 188 s
6
10
5 1 1 IIIIIII 1 I II[IIII I I I|IIII
— 107
— 4| 300x300x 400
o 10" (16 parallel)
= 3
5 10 _
& 10°9 i
@) I 100 %X 100 x 200
10 = (8 parallel) _
100 1 1 IIIIIII 1 | IIIIIII | 1 I|IIII
3 4 5 6
10 10 10 10

Number of calculation time steps

5




2.4.

lcm 3 mm 3 6(a)
3 1 FFT
6(b) 1 3
1
FDTD 1
10 MHz FDTD
6 dB

= = T T T T T —:'_'100 T T T [TT0T T T T JTTIT
= = MO T T 1 HFE A T
= £ 0.5 on = - —
2= 1 §< sof =
X ] =% eof
[3) o) i
e i = 40 O Calculation (1 cycle)
g il g - @ Calculation (3 cycle)
g R g 20 __ A Measurement
Y Pl A S A ESOACISAY I AR ™' ol bl bl
= I JAAAA o AN 30 A  3F At 09 1 = 1 5 10 50100 500
Time [us] Frequency [MHz]
(a) (b)
6
3. [°]
3.1.
FDTD PCB
[9] FDTD
[4]
[11]
FDTD [9] 7
Cs
C'-B Cpc Cic
1 B-E
c-c
rec [12] C'-B B-E IC'B IBE



- dv..
I, =1, {eXp( ch%T) _1} —a 1, {exp(q Ve kT)} + CC’B ﬁ (2a)

Iy =—1I Eo{exp(qVB%Tj —1} (2b)

C’-B Cep Cic Cpc
V, —m q _ V
C.,=C,.00)1+&| +Z1¢, 1 ex( q C%) 3)
C'B JC( )[ CDOJ kT DC*CO0 p kT
FDTD 4)
g WALy o AL g (4)
xli,j.k xli,j.k & i,j.k 6‘0AyAZ i, j.k
C-B B-E 4) L. (2) Ies Ise
L
Signal line

ol % Re R, %

1 Cell

_TV“_
7 Ebers-Moll
3.2.
(2SC2671) 2 I
ar ®y Cy;c(0) m
mc FDTD Vee
3 MHz 5Vpp
Vee 8 Rc=470Q2 Rg=3.3kQ Cp=47pF 7
Ax=1mm Ay=2.5mm Az=0.255mm
0.82ps FDTD SPICE

4 dB



TDR
(2SC2671)

10

2 25C2671 [9]
Parameters Values
I, 1x10° A
o 0.984
o 0.8V
T 300 K
k 1.38x10”° JIK
C,(0) 3.5 pF
m 0.15
The 180.0 ns
ro 12 10Q
130— (T T ]
> 120 - N
;é' 1101~ -
Eﬂ 1OF O FDTD E
% 0T X spice -
> 80 [ 0 Measurement
NI FETY| ERPERTES FETT] R
701 510 50100 500
Frequency [MHZz]
8 Vce [9]
PCB
g 34
380
1kQ
3 MHz 5V,
PCB
[13]
1 cm H,
10(a) FFT
0.16ps OFF  ON
10(b) FDTD
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