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Electronic Circuit Design based on Classical Mathematics

hk BFX, EE BR (HEFEXH)

Haruo KOBAYSHI, Anna KUWANA (Gunma University)

1. EU®IiC

CFFROMER AEBENIIENEFHEVCOBRLTWS, —F., BT HEHER
BHIFH O L 5 R ZABHD, EEDL > oy Pa—FFHRRET ST FiEX
HAEES F— L2 TER - BRICESC I HITHAN, BEELOBAERBEERSHFLOL D
72 TEAOH] CREMRIIND L ZAVRHD, FIRICETEBREH THEERL - &7
RERICIMEIENTEL T, RHAOBRBRCHETEE. A4 CTHBRFRAPBIRELD
LZABDD, BFEERHAFOZORREITRLZOSEE [T/ =R
LLTELIRBERS D, BELIR7Ful - FUFALBROBEFERBRIOBERIL -
ERIEPHEBHFAOMREE BN L L TRhRE LD HBEYEE WS 5ME21T
o TCEl, KFETEART I HE P ARTER2RTOLRL LI REARLT, #E6
RINETHL PR A TEEHRES L Z2ORECHD B 2B 5.
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B HBGECADZE #2288 (Analog-to-Digital Converter: 75F 12 2 « F U Z VEHEAER) 11 TR
BORE] kv 7 rulEGEerUiNVERERT2EBTHD, T TIEY
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e Tor8A) ZRAWCHEMERELTE S Z L ERLE, (H1)
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[2] Y. Kobayashi, H. Kobayashi, “Redundant SAR ADC Algorithm Based on Fibonacei Sequence”,

Key Engineering Materials, pp.117-126 (2016).
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ST THRRINTHWBER, 74 Ry FEIIEL ) DA EBRBOERHEER LE, =

L (@)D 7 4 RF o FEFIEHTTBER BT AD BHBNTOFBICELTVS,

[3]1 T. Arafune, Y. Kobayashi, S. Shibuya, H. Kobayashi,
“Fibonacci Sequence Weighted SAR ADC Algorithm and its DAC Topology™,
IEEE International Conference on ASIC, Chengdu, China (Nov. 2015)

(c) BEEELTT 2 HVWETTREBITLIADE S
FRic, B&E (1 1.42 ) BEAFTRREBSTEL AD BHBOFEE HRL L,
[4] /DHMEREA, TRARFRL, RIS, AARESR THEEEREE RV s BR ST AD £
AILRT VA ) X LBREH] BRESWIGE (F1XRE C), vol. 137, no. 2, pp.222-228 (2017 42 2 A).

(d) ZHBHER AV DA :
EROBREI=AK (1,3,6, 10,15, 21,... (2)) O3 U TFTOMTRATHZ L4
TED, ZOREZAVWTIEOERELE (BELRBRLE) ZAKEHXy hy—
7 CDABEBRBIMETELZLERLE, (W3) SbIZth2EBEONAK (£
) oBEIc—RbLE,
[5] Y. Du, X. Bai, M. Hirai, S. Yamamoto, A. Kuwana, H. Kobayashi, K. Kubo,

"Digital-to-Analog Converter Architectures Based on Polygonal and Prime Numbers",

17th International SOC Design Conference, Yeosu, Korea (Oct. 2020).
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[6] X. Bai, Y. Du, T. M. Tran, A. Kuwana, H. Kobayashi,
"Digital-to-Analog Converter Architectures Based on Goldbach Conjecture for Prime Numbers in
Mixed-Signal ULSI", 30th International Workshop on Post-Binary ULSI Systems (May 2021).
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[7]1 M. Hirai, H. Tanimoto, Y. Gendai, S. Yamamoto, A. Kuwana, H. Kobayashi, "Nonlinearity Analysis of
Resistive Ladder-Based Current-Steering Digital-to-Analog Converter”, International SOC Design
Conference, Yeosu, Korea (Oct. 2020)
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[9] M. Higashino, S. N. B. Mohyar, Y. Dan, Y. Sun, A. Kuwana, H. Kobayashi, "Digital-to-Analog
Converter Layout Technique and Unit Cell Sorting Algorithm for Linearity Improvement Based on
Magic Square”, Journal of Technology and Social Science, Vol.4, No.1, pp.22-35 (Jan. 2020).

{101 D. Yao, Y. Sun, M. Higashino, S. N. Mohyar, T. Yanagida, T. Arafune, N. Tsukiji, H. Kobayashi,
“DAC Linearity Improvement with Layout Technique using Magic and Latin Squares”,

IEEE International Symposium on Intelligent Signal Processing and Communication Systems, Xiamen,
China (Nov. 2017)
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(h) Gray code AJIZ L B{ES Y v FDATHER :

Gray code I3 KE/NVHIGLET DFrank Gray 125 0 IM47TEICEFTHES N, 28GR L

ARBRDTVINEEDOHEFTRTH S, (H8) m R NpHBThs D TADER
L LAV TS, Ll Z OSFOREOEAEI LNIEDATHRBIZILEA

INEBEHIRRNEDZ L Thot, T THATEREE DL IR L THIEEKID,
B EERTDZ LW TEI, Gray code V3 & DATHBTAE Y B L MBIC

TTIueZEBITECEARL ZROIAX (Y vF) 2EHTE S,

Dacimal Noturel

numbars Binary code Groy code
] 0000 acoo
1 0001 ono1
2 9018 oai1
3 0011 0010
4 0100 a110
8 0101% 0111
] 0110 0181
7 0111 0100
-] 1000 11690

] 1001 1101
10 1610 1111
11 1011 1110
12 1100 10t0
13 1501 1014
14 1110 1001
18 1111 1000

X8 Gray code: BiZI-BET A E BB O 7 HEEERLT 1
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[12] R. Jiang, G. Adhikari, Y. Sun, D. Yao, R. Takahashi, Y. Ozawa, N. Tsukiji, H. Kobayashi, R. Shiota,
“Gray-code Input DAC Architecture for Clean Signal Generation”, IEEE International Symposium on
Intelligent Signal Processing and Communication Systems, Xiamen, China (Nov. 2017).

(i) Gray code, FIRFRZRAWERKMT ¥ LERE .

Gray code B L URIKRZRZFAVEERT X NVERBERE L, #0777 v =28

BT O # OVERBIC AT, MRS CHBHRE - WRENZHETE 5,

[13] C. Li, H. Kobayashi, “A Residue Number System Based Time-to-Digital Converter Architecture and
its FPGA Implementation”, Key Engineering Materials, pp.127-132 (2016)

[14] C. Li, H. Kobayashi, “A Glitch-Free Time-to-Digital Converter Architecture Based on Gray Code”,
ERESWICEE (F3C3 C), vol. 136, n0. 1, pp.22-27 2016 £E 1 A)
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KR L, BEEEEEEOREEHECHNVIFRESBSELL,

[15] FiEsdE R, FILFIE, 3 Mk, AER IRTERE FLR) OBFEERE~OSH]
% 14 EEEfMEHRERSE, WARREET (201848 A 26 H)

[16] Y. Abe, S. Katayama, C. Li, A. Kuwana, H. Kobayashi, "Frequency Estimation Sampling Circuit
Using Analog Hilbert Filter and Residue Number System”, IEEE International Conference on ASIC,
Chonggqing, China (Oct. 2019)
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ADEHERT A P CEREANNREE L YTV T vy 7V RERSIERELICTS E
PR EERSPARETHIZ 2R LE, ThEESY VI T eafTTE,
[17] Y. Sasaki, Y. Zhao, A. Kuwana, H. Kobayashi, "Highly Efficient Waveform Acquisition Condition in
Equivalent-Time Sampling System", IEEE Asian Test Symposium, Hefei, Anhui, China (Oct. 2018)
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HEAXFEFFEHEIYEN ¥ 1 FE0MBR TETILF LFRIEOMENT L L
Tonb o IS AV - EFEKRE ORB2FMREOEAZKT L LT 2020
FEEET4ER BFE 90 Hx4E ToTE, 7R Ty FEI, BE&H, B,
FIRRITHE | £ bR VRTVWEH THD, TRICEREELAEL TS,
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4. SHORZBBEEWLT
ZORFO—EDOHEBA OEBEFES TCOTROBFAERET o/, (K9)
f18] (Invited) Hl. Kobayashi, H. Lin, "Analog/Mixed-Signal Circuit Design Based on Mathematics",
IEEE International Conference on Solid-State and Integrated Circuit Technology, Hangzhou, China
(Oct. 2016)
HEER, BROB— AL [HRl0iEE2RIT A>T, By IR—A CHEfy
VERELTNERN, ECICED, BEZHZITH] LEoTHENE,
2014 FITKRERFEE A — B - EREOFESITT 300 ALLEOERO S &, TREME
TR, BERELATLLRT,
(19] /hBRERR DRSS  WHEFOWY E L & ADDA BRERH~OEA) B2 @7 oy - 71
DI ~AEOETFERETM TIEM &2~ FR Q014412 8)
2021 4F 10 A DEBRSBR T L TREORBMIKEITO FETH S,
f20} (Invited) H. Kobayashi, A. Kuwana, et. al,, "Classical Mathematics and Analog/Mixed-Signal IC Design", IEEE
International Conference on ASIC, Kunming, China (Qct, 2021)
L INOOBEMRT —< I C. CHRFEEREFRR. BHEAE ICT #%F - 87—
SRR T A e Ve s MIRICERIR SN,

EHERESFILRE - BEECHEIBO0%, IBEZOSBOZETIIEROEA &1
M2 T TEDL BWHERRIZ LB o7y, BEBREMETE L, BRO/NE (B
Mb) TEEh] EVWIRRTROBEREOERNETHMMbhaZ ExLn, (X 10)
—7, ETE R0 05 ZEEBbTF TMRER S - FEgEo
Bl WESEHEEED TV AHIRE T 5, TFOERIIMAELEL - oL 5
E LA TEATW L ETITTENR WS, RFEOBRESO LIRS mhianT
V=2 AN—RE LR ERLELES B Z LIZERNRLTWS, BHEOHER S
RAIEREE 2T, EEORRBZBO T, £HERRHFERIIRETEDORFZ 2%
B ANAUNERDHB LEL, FO—D2 L LT IEFHREFICE-S BFBRIKRB T OB
ZiToTETWS, P L2l 0SHFOMEEICELZF-THhoTE TS,
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