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ADC/DAC Redundancy Design Using Fibonacci Sequence

Yutaro Kobayashi*, Masaki Kazumi

Yang Zhixiang, Haruo Kobayashi (Gunma University)

This paper describes redundancy design of ADCs/DACs and their calibration method using Fibonacci

sequence to realize accurate and/or high-speed conversion. We expect that the proposed method can enjoy

properties of Fibonacci sequence such as the closest terms ratio called “golden ratio” and realization of all

terms with integers. We introduce theoretical basis to improve performance of SAR ADCs with time

redundancy and current-steering DACs with space redundancy utilizing Fibonacci sequence properties.
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1. BWIEEGEEI ADC OREALIX.
Fig.1 Block diagram of an SAR ADC.
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[X] 2. 4-bit SARADC D " #EfRFHET /L= ) X A,
Fig.2 Binary search algorithm of a 4bit SAR ADC.
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3. 4-bit 5-step INHETL SAR ADC E{EHI.
Fig.3 Operation of a redundant search algorithm of
a 4-bit addition-type SAR ADC with 5 steps.
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4. 4-bit 5-step MFHA SAR ADC Ei{EH GRHIER) .
Fig.4 Operation of a redundant search algorithm of
a 4-bit addition-type SAR ADC with 5 steps in case of

error judgment.

3.2 MiEE A (Addition-subtraction-type)
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5. 4bit5step MIHFE AL SAR ADC EhER] GREIES) .
Fig.5 Operation of a redundant search algorithm of
a 4-bit addition-subtraction-type SAR ADC with 5 steps

in case of error judgment.
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Ty T OMEDOWEM AL §5 2 ENAREEN L Th D,
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6. 5bit SAR AD ZE HARF[H bhig.
Fig.6 Comparison of SAR ADC conversion time.
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b0 THD, )LD iyidEALE L THA LEY)
WAEAEEIH 2 2T Z L (OB KRE L Z A0 T
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Fig.7 Number of combinations in case of Fibonacci

number method.
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Fig.8 Number of combinations in case of golden ratio
method.
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Fig.9 Number of combinations in case of Fibonacci

recurrence relation method.
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o, RIANY =2 BDne ZABRRZIT N5,

TS DFEEAERTIEHE EIER T LY LD
ADCEEHRTLILENTED, INLIINEAT v 7
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T 5, ERIGHIEZ3STH D,
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ALT TRTOI A~y T RO —FBHIEHED i
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ECT-13-087
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LT, BiEE L - RETE 5,
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XX
’

Vout =R X lout
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Fig.10 A binary-weighted current-steering DAC.
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B 11. 7 ¢ R F v FEAEIR DAC.
Fig.11 A Fibonacci-number weighted current-steering
DAC.
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ATy FETUTRYSIOEDTHD, 22 TnlEn=l
ERATEOHRETH S,
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11| (Fy + Fuy1 + Faz + Foys + Foga + Fras + Fryg + Fyr
+ Fpig + Foto)

QERHTH 7 4 ATy T HIFENCRETHD, 2FED,
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Thd (BAE=ERETRVWE ., ZRERIOFNIT
KT L n NEHTROWEA. FIFHEETIER,

@7 4 RF v FEROBEHO nMOFIL 2 HSHOENS 1
BINZH DIZEE LY,
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@S 5 HEED 7 1 AT FHEOTL, OO
FHEDOT 4 RS v FEORDT 4 R v FEic%
LUy,

D Fay =Pyt Byt Fs 4ot Fon_y = P
i=1
D7 4 KF o FEOTS ORI, Bk DI & Z DRD T
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