20206 A8H(H)

i SHEIEHIS E/EES

BHERICEDCAD/DAZ 45 E% At

INKE R
MEXFAREREBIZH EFFEHREM
koba@gunma-u.ac.jp

TEEMNLERFER pdfo7/ILEX HO—KRLTLIEELY,
HE-EBRBRBLICHDANDLTLESLY,
https://kobaweb.ei.st.gunma-u.ac.jp/lecture/lecture.html |



201653 H10H
2017%8H17Hrev

EXEEDBHEFODERE

BEXKZEXRER BIEHF EFIEHREP
INAE K




ME NELGEHIX EDRIZT A
(F=F)

B E B 75<
SEEDERIC
DEEEDZWOEIT,

5| REARICRERBENGEGY
WhT RIS




I EFTX
IPERH ERHHMALKR=IC tﬁ’u‘—rﬁ'ﬂ?é"

N —p—

IR (ESEE
\y

DX EITOBE DA ER|IEFET BRI
ZTDRENTEN GG TIERATLED

¥

ZFORIZ.TFHFTX1Z—EANTEL
REEEVDTIEBIEITKRIZHEST,

ARICEET AFTIREAL %&a_&b\f&<ﬁof:o




KoamEFr<X

BRI aozhENSE#H A,
hEMASBARANDZTZHEHDORIZ80% DK 3 (IIEATLES,

KB ENTEFTSELS,

oIV DRBDFTIXZEKEDHIZ—HIZANS,
TRAEHE NS BRISRITHES B IMEIC,

FoamnzBRELSL,
FRANRDOGOEBRDIMIIKEEED20%I1ZH K A5,

FRAZANT-KETIZ—EEDOR a3,
FRAIZERONI=ROa DT ELRTHY.
BAE N (F20% M H80% EAEIZH o T=,

EAREBREMRCEEZRIKY

\l




MERER IO IFDERRTE

[ ENEBNTLH700IMERIFFERALAG,
B, RADFERL. TN ENHAERGART
TDH/REWIIZERLI-IGEIC

— _-Ij-’r/jél--l_d—o ]

(IEFRA—HD—FER)



RRGERDHOENER

[BEEREIZEITAE—DREIL.
E\Jbo)ﬁﬁngfd:L\t%':‘i
REZITHENCETHS,

(E—3—-FZvHh—)



NMLTRERSGEDERE

i) N ful Y4

AL ELI=XEIERA L
BRI R 7 - FEEA

BEREZHD

FHxRERD

M R5




20

N3 A MERK

S

!'_ DEEE

[ESEEDHL!

116 A 2H

FEELZE)

Zam L= EIXRDRIZRERIEL TIEESRN, |
(FILA-HILA)

HEXEXER T5

AR ST

INMREF R

lm JI

=V =
X\ E

5]

LFEIT




i HENTES A 8L

FEaAVRALMYLTULVS,
Eiiﬁx :.l:i'f’-l-‘]-'l/#: \ an-I_ﬁ*'l' %o

REODHRZEGL,

XWX, ELTHX. ZE-IRERE.
HERATAL, WX, HF5F F%&
LoMYUIERLT DI ELNH D,




i AFEﬁ ‘ilb\fnﬁ_é

fBNTHE MWD EEENTLED,
ETEHTHITIE ENTEHLLY,
WHEZLEWN-BDERIERT,
IREDEFIZOAERTESD,

SOEFERTHLIDT
—Fk, Latex, ppt DEFI7AILIZEL,




B DT=86I1C

‘_L B LIR— 2

=<

MXTES BRATIFEFERT HIET
== EZNBEINDS
AR . FRRE. BERDHLNICES,

EﬁKJF#n‘F FRER.EEFD

\t%@ﬂi1o:

= 20¢%¢

3 ]]]|u|1

FRIZH

[2ELTHERHSOTWNSENITH S,



‘_L F—LTHEET RS

O8E Tl i<,
?;E.EL\T:%O)(K%u XF)ZzH&ITLT
B Y Do

ABETIIEENELS,
BYZFEFT VI TELLN,




i MOREEICHBEELS

[EDDEIRDEFERZTFIF

LTINS

EEDH . MBRELEITFHAIEMTES]
(EmkD!)L—. Peter F. Drucker)

IEmRFEIE



‘_L%E;%\Ezl: E AN

FKEEDHX
HEFDANFATINSD,

AREED X

AL DwmXaimAT=zIThnid,
FNEDAN-BIXBAREEMELA]
BLDTABLEN?),




i EXLLHEIEANEE

ERATFRES

m ZLDOA-LDOH

E

R =

M. I'snobbish (EEEE. 1ERLC
RENBRITNIZEZTHELLY, |
ELVWOEZALHY (?)

NI NITER [ESEEDDIENNDITENE

ZEFYPTLYN,

- &) THS.

gﬂﬂill



o BHECRREERD
AILA-AILA
) SRTTANEZE T TEEEZRT

[RICxIEE] HBERABAEREIFREEDXIEE
ERETE AR R, RBALTREIZTE T

SR, &GHEISN S,

$

REICLEDEENMENS (HERERLHY) |




AHYLA-HYLA
(Galileo Galilei, 1564-1642)

AR)TDYPEFEE. RXNFE. EFH,
INFO 7 REHIZ,
SBIREB(CKARAEOED W) HhE)5
[ ZNTHHBK (T EILNTLNS ]
?JEU?O)%’H#IE
ETORBEIIMADEEDRSLEL (EHDFRHE)
EERICKAORELE. TDHFEIZKSEEHT,
TOEENORXFEDOREFSN, TTVIR-AN—O &
EHICHIZMFEDRBBELTHLNS,

10


http://upload.wikimedia.org/wikipedia/commons/c/cc/Galileo.arp.300pix.jpg

i KETHZ S

Bt 38 5 DL SR AR D
) (FMELH LM HAHFEE) ELL

AL ERE CERERT

REVTOMDPMENEREBATES,

11



i MEEROEEOWNELEE

MEERTD face-to-face DiEHLEE,
MY TIETBELGIEILMEIGENIELH D,
EEES>TAETEAI Do

The most important thing in communication
is hearing what isn‘t said. (P. F. Drucker)

LE2 T said & written EBEMLZ B,

12



E2E7Fa7 -7 ILDEL

20145128 5H

~BARDEFEFERCT HRAT&lE~

SRV T HBFEOHEYELE
AD/IDAZEBRIRERETADIGH

INRE K
HEXZE

Kobayashi K _haruo@el.gunma-u.ac.jp
Laboratory




R
bl
b
It

® (ILHIC

® T RFYFEHIEEEL
AR EEERITEIADZ 135 TT

@ ElE

E7J)L3

5 AUNRIDAZHRE LTIk

® ERR(BRTFER)
T 2 )L 2 [0] B
@® &0

) X Ls



R
bl
b
It

® (ILHIZ

® T RFYFEHIEEEL
AR EEEGAMADZE #Es TT

@ ElE

E7J)L3

5 AUNRIDAZHRE LTIk

® ERR(BRTFER)
T 2 )L 2 [0] B
@® &0

) X Ls



BEADODMEETITOTLS
B EEZT AU -AD/IDAZ #2235, BT V24 Y EIERD

7; XTIOFv-LAT IR

[7+rog

A

3

£{EFRLWWFTa—F

¥

izl e

S TRYIZE E

O —AlEmZmrL=LY

SRR

L]

FC RLBHHEICRAT HEHNERD




s BT B /J\W’nﬁ%:é_'
;&%E’ﬂ’j’lﬂ —FEIREFETT IL—T |

NN d iy d - YW 7S == 32 aET U




4R FTYFRINEEEL

BR LB {ELADZE 35

7O X L
INRYE R ER Shaiful Nizam Mohyar

BEH INKER
Kobayashi
Laboratory




T4 RFyF T !

4R FyFHS
Fo=0
F,=1
Foiz = F + Fpypq

NODEEE

0,1,1,2,3,5,8,13,21, 34,55, 89, 144... Leonardo Fibonacci
e A T e f#:1170-12504E 8
= 4R VFREFENS ‘ )

YA SEO L E(L T OBl
lim —2- = 1.618033988749895 = ¢

IR EEER ¢ . & (Golden ratio)



http://www.google.co.jp/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=QQZVemiEQJI9aM&tbnid=zVSSOD3oXzE8tM:&ved=0CAUQjRw&url=http://ja.wikipedia.org/wiki/%E3%83%AC%E3%82%AA%E3%83%8A%E3%83%AB%E3%83%89%E3%83%BB%E3%83%95%E3%82%A3%E3%83%9C%E3%83%8A%E3%83%83%E3%83%81&ei=T_KoUpajAeyhigemrYCwAw&bvm=bv.57799294,d.aGc&psig=AFQjCNF03yZnlZ7XUHm3yzSM3lKjQZQAmA&ust=1386890090898991

té -— Sl2) ) 8
FRRELH D4R FTYTFH

2418y FH# :0,1,1,2,3,5,8,13, 21, 34,55,89, 144...
EMLERMRV=>RLAXZBUVNS, RLEEETES

~ XOfITT
(rREDLA 7_?50!91‘51& t’&(fa(b) IAFIT N
WV A | 2% KAzl

S
5%
3%
ZES
1%
1%

%Fi(ﬂ.%@ﬁ@ﬁﬁﬁ) _

-iz«r@j:?'?ﬁ?‘/'v




OUELWER"EEH”

#ESH: lim == = 1.618033988749895 = ¢

4R FyF-REL>"FLRELHEORVEE" BARAOHE

YIEOESIIRW)  SLToRRE) TR




MRE=

ETL2MOZOXRITEENREF

¥

A oOarra—5—[2l&
HEEXELYLFENDOEEEEDSAR ADCHHE|C

¥

F 4SSV IR S IE TR TR B TR !

EQE'E%%EG)#E@

SAR ADC: Successive Approximation Register Analog-to-Digital Converter

10



2 R ELER

Analog

In

e

put | Sample

Comparator

waeme Hold

U

XF

B

FDRE

=

/ DAC

N

_EQE,J'h —JEEJ,‘E*IL

VT AD % H# 25

SAR
Logic

Digital
QOutput

YVVY

CLK —>

Clock

(1,2,4,8,16,32,64..)

il




y

12

SAR ADCO) —EZFEFREFEQ)
.Step 1st | 2nd | 3rd | 4th | 5th output
5bit5step SAR ADC Woightold 16 L B 4 2 1
> “HEEH 23 e T 23
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5bit 6step SAR ADC
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LLEEIE EAp(K)
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p(3)=1.83=6
p(4) =1.82=3
p(5)=1.81 =2
p(6) =1.8°=1

Step

FEXT ICFIE TSEWL A NS
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tput
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F4RFYFHIISAR ADC Woightp(0 16 [ 8 [ 5 [ 3 [ 21 [
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Tk F ik REFE Tk F ik
1.70:¢%% 1.62% 1.55 %

Step 1st | 2nd | 3rd | 4th | 5th | 6th | 7th Step i1st [ 2nd | 3rd | 4th | 5th | 6th | 7th Step 1st | 2nd | 3rd | 4th | 5th | 6th | 7th

Weight p(k)| 16 | 14 8 5 3 2 1 Weight p(k)| 16 8 5 3 2 1 1 Weight p(k)| 16 9 6 4 2 2 1
31 i | ' i ! 31 * 31 : ! ! i !
30 1 I 30 __? A 30
29 29 \ 2 29
28 28 | A 28
27 27 I L A 27
26 26 A AN 26
25 25 \ 2 25
24 24 | W4 24 i
23 23 - A 20 B 23 |
22 22 22 :
21 21 | AV A e 21
20 20 20
19 91t oA et 19
18 18 18
17 I S 2 7 e 17
16 16 16

Level 15 Level T I Y A 2 O A Level 15
14 14 14
13 13 A 13
12 12 12
11 3 /25 U . 2 P . /2 11
10 10 10
9 9 |l koAb 9
8 8 8
7 A R U IS IO T . % AR N 7
6 6 6
5 5 |l I N 5
4 4 4
3 3 | ey 3
2 2 2
1 T Y ANy e 1
0 0 0

e | TREBOEREH
4R FTYFHAINETF) NEO RN ETFH




DACH 7110 E5F B 29
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Vref (k)

Output of DAC [LSB]

Vref (k o 1)

t

/"VDAC (t) — Vref (k) + {Vref (k o 1) o Vref (k)}e_E

-i | 1/21. SB
Ao
| i \_ELog e aEs
; ; R
- , ; B CRET R
1 Skttling time; TR Ep
! i (binary)
iSettIing tiin i T = RC
(redundancy) |
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settle(k) = Tln(Z‘P +1)
= 1.4441 forallk

Output of DAC [LSB]
A

Next voltage

i

Ar dad)

wd(3)

&q(z)

Vcom(?’)

Vcom(z)

[Z[E

Settling time
(Fibonacci)

CEE

Rl Z R !

(k=1,2,3,4...)

Vcom(l) :
1.4441

Tnﬁé[s]
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255 SAR ADZE B RS 31

FAURIBERE W) DAC FRLEF(CHL

5bit SAR ADC
Binary search (complete settling)
Stepl Step2 Step3 Step4 Step5

time
Redundant search (incomplete settling)

Stepl | Step2 | Step3 | Stepd | Step5 | Step6 | Step?

Error correction time

Fibonacci search (incomplete settling)

Stepl | Step2 | Step3 | Stepd | Step5 | Step6 | Step7 ﬁ ADf}Eﬂ#Fﬁﬁ

- — DEIR !
Error correction time
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Resistance Circuit of Irrational Number Approximation
Based on Continued Fractions

THER .22, DM EFEXGEERD

Manato Hirai , Anna Kuwana , Haruo Kobayashi (Gunma University)

Abstract

This paper describes the method to generate irrational number ratio signals by using a resistor
ladder and the relation between resistor ladders and irrational numbers. Irrational numbers are
expressed as simple continued fractions configured by integers. The combined resistance of resistor
ladders 1s expressed as continued fractions, too. We have designed resistor ladder networks whose
overall equivalent resistance values are irrational number approximation ratios to a certain
resistance value. Our Circuit simulation has verified this method.
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