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On LUT Cascade Realizations of FIR Filters
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Abstract This paper first defines the n-input g-output WS function, as a mathematical model of the combina-
tional part of the distributed arithmetic of a finite impulse response (FIR) filter. Then, it shows a method to realize
the WS function by an LUT cascade with k-input g-output cells. Furthermore, it 1) shows that LUT cascade
realizations require much smaller memory than the single ROM realizations; 2) presents new design method for a
WS function by arithmetic decomposition, and 3) shows design results of FIR filters using FPGAs with embedded

memories.
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Filter Type HPF LPF BPF BEF
(Cut Off Frequency) (5kHz) (5kHz) (5k-10kHz) (5k-10kHz)
ROM #IN 17 17 17 17
#0UT 16 16 16 16
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Cascade A B C D A B C D A B C D A B C D
#Cells 1 2 2 3 1 2 3 3 1 2 3 2 2 3 3
Cello #IN 10 10 10 10 7 8 9 10 7 10 9 10 9 10 10 10
#0OUT 4 6 7 7 4 5 6 4 6 6 4 7 7 7
Celll #IN 8 9 10 9 10 10 10 10 7 10 9
#0OUT 6 7 6 8 7 5 6 6 6 7 6
Cell2 #IN 8 5 6
#OUT 5 6 4 5 5
Max Width BDD 11 56 66 90 8| 130 91 111 8 88 63 58 10 50 71 78
Cascade Memory Bits
[bits] 4096 | 7680 | 14336 | 13952 | 512 | 5376 | 11264 | 16896 | 512 | 7488 | 9344 | 12288 | 2048 | 7936 | 14656 | 10560
Total Memory Bits [bits] 40064 34048 29632 35200
#M4K’s(Out of 250) 13 (5 %) 12 (4 %) 12 (4 %) 13 (5 %)
#LEs(Out of 68,416) 586 (< 1 %) 585 (< 1 %) 564 (< 1 %) 568 (< 1 %)
Frequency[MHz] 105 104 109 101
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