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FPGA(Field Programmable Array)
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Chinese Remainder Theorem

Chinese arithmetic book ‘Sun Tzu calculation’
RFERE

“When dividing by 3, its residue is 2, A

dividing by 5, its residue is 3,
dividing by 7,its residue is 2.
What is the original number ?” )

Generalization ‘

Chinese Remainder Theorem
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How to use Chinese remainder theorem

[ He used to quickly find out how many soldiers there are. J
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How to use Chinese remainder theorem

[ He used to quickly find out how many soldiers there are. J
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“There are 23 people in all
according to
Chinese remainder theorem”
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Example of Residue Number System

[ 23%3=2, 23%5=3, 23% 7=2 }

 Natural numbers
3, 5, 7 (relatively prime)
N=3 X 5x 7=105

 k (0<=k<=N-1(=104))
a : Remainder of k dividing by 3  a=mod3(k)

b : Remainder of k dividing by 5 b=mod5(k)
c : Remainder of k dividing by 7 c=mod7(k)

k 4= (a,b,c)
one to one

Chinese remainder theorem
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Output of

RA-based TDC Output of
10 RA-based TDC

0 30 61 91 122 153 183

. 0 30 61 91 122 153 183
Elapsed Time (ns)

Elapsed Time (ns)

Mismatches exist among the delay stages

No mismatches among the delay stages (large glitches are observed)

Simulation results with Residue Arithmetic-based TDC
without and with mismatches among delay cells in ring
oscillators.



JL 43—k (Gray code)

Q,Q,Qq,
000
001
011

JAa—F BiRICEIETAFSRIDN\IV T RN KT
RNIVAERRD IS0 T LA 1947EDEHFHEETHRAICFERL-.

® Gray code D
PE KA1 -
ADZH#izg., O—A)—Ia—4—
HEX IMMAEENSDRE (JVYFEBD=6H) :
7 24 S E R (TDC)
DAZ #ags

=




Binary Code & Gray Code 33

0 0000 0000
0001 0001
0010 0011
0011 0010
0100 0110
0101 0111
s 0110 0101
0111 0100
s 1000 1100
9 1001 1101
1010 1111
1011 1110
1100 1010
1110 1001
1111 1000
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RTL simulation results for 4-bit Gray code based TDC
without and with one delay mismatch.
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Binary Code &Gray Code

Decimal numbers Binary Code Gray Code

| 0] 0000 0000
T 0001 0001
2] 0010 0011
L 5 0011 0010
4 0100 0110
s 0101 0111
| e | 0110 0101
o111 0100
s 1000 1100
| e 1001 1101
| w0 1010 1111
o 1011 1110
2 1100 1010
o 1110 1001
T 111 1000
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2. 011
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3: 010
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Q,Q;Qq
000

001
011
010

[1T0]

B FD |
101
100

4: 110
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5: 111
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6: 101

44




7: 100
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