
Proof by Numerical Formula

2𝑎𝑘 = 𝐹𝑛 + 𝐹𝑛−1 +⋯+ 𝐹1 +
±𝐹𝑛 ± 𝐹𝑛−1 ±⋯± 𝐹1

Matches Fibonacci sequence 

weighted SAR ADC
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Simulation
Simulation result ①When 𝑉𝑖𝑛 = 0

②When 𝑉𝑖𝑛 = 𝑆𝑛 = 317810
③When 𝑉𝑖𝑛 = 1.2349/2 𝑆𝑛 = 196231.78
④When 𝑉𝑖𝑛 =  0.35931 2 𝑆𝑛 = 57096.156
⑤When 𝑉𝑖𝑛 =  1.7325 2 𝑆𝑛 = 275302.91
⑥When 𝑉𝑖𝑛 =  0.8469 2 𝑆𝑛 = 134576.64
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※ 𝑛 = 26

All converged to the intended value
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Introduction

Golden Section Search and Fibonacci Search Method 

Fibonacci Sequence Weighted SAR ADC and 
Golden Section Search SAR ADC

summary

SAR ADC

Balance Scale

Weight

Object

Based on 

Principle of Balance

Generally use binary weight

(1 , 2 , 4 , 8 , 16 , 32, 64 …)

Fea

• High resolution

• Small chip area

• Medium sampling speed

• Low power

Binary Search SAR ADC Operation
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Step

Weight p(k)

Level

01 1 1 1

One-to-one map

between Decimal and Binary codes

1 Misjudgment 

leads to incorrect output

Dout = 10111

16 + 8 – 4 + 2 + 1 + 0.5 – 0.5= 23

Fibonacci Sequence

Example of numbers(Fibonacci number)

The closest terms ratio converges to “Golden Ratio” !

lim
𝑛→∞

𝐹𝑛
𝐹𝑛−1

= 1.6180339887… = 𝜑

0, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55…

𝐹0 = 0
𝐹1 = 1
𝐹𝑛+2 = 𝐹𝑛 + 𝐹𝑛+1

Leonardo Fibonacci

(around 1170-1250)

Definition (n=0,1,2,3…)

Property

Fibonacci number and Golden ratio

SAR ADC Using Fibonacci Sequence
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Three properties are discovered !!

1. Correctable difference q(k) is 

always Fibonacci number 𝑭𝑴−𝒌−𝟏.

2. q(k) is exactly in contact q(k+1)

without overlap.

3. Considering DAC output imperfection,

it is the most fastest SAR ADC.

Golden Section Search SAR ADC
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Digital Output

Output of Comparator

0→(Digital input of DAC1)

1→(Digital input of DAC1)+1

Solution chart when 𝑉𝑖𝑛 = 10.7

Revised Golden Section Search SAR ADC
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• Effective finding method of the extreme value 

of the unimodal function.

• Division ratio is golden ratio.

Golden Section Search

ADC treats only integers. Difficult to realize

Golden division method with only integers.

Fibonacci Search Method

Golden Section Search

(𝝓:Golden ratio)

Fibonacci search method

(𝑭𝒙:Fibonacci number)

New Theorem

Equivalency between

• SAR ADC using golden section search 

• Fibonacci sequence weighted

SAR ADC 

Automotive Application

New Discovery

SAR ADC based on 

golden section search algorithm 

using a unimodal function

equivalent

8         5       3       2     1     1

Fibonacci sequence weighted SAR ADC
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