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High Speed FIR Filter Implementation

UCLA



2

UCLA
Associative Transformation

UCLA
Associative Transform and Retiming
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Associative Transform and Retiming
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Associative Transform and Retiming
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h(3) = 0.111 = 1.00(-1)

CSD
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Accurate Timing Calculation

Word-level model:
delay of 24ns is incorrect

Bit-level model:
correct delay of 12ns
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Carry-save with fanout

Carry-save addition vs. carry-ripple
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Sign-bit Loading

• Due to MSB extension in 2’s complement, 
sign-bit is loaded by input capacitance of 
more adders than other bits

• Layout level solution: bigger buffer for 
sign-bit

• Algorithm level solution: do not sign 
extend, add compensation signal
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Sign-bit Loading

•Given  x(n) = 1.11 (i.e. -0.25) consider 2-1 x(n) = 1.111 i.e.(-0.125)

•Instead of extending sign-bit, add “0” in all sign-bit locations 
except right-most, add sign-bit inverse in right most position:

i.e. modify 2-1 x(n) to: 0.011

•After the shift and add operation, add a compensating signal with 
“1” s in all the sign-bit extension positions:

0.011
+1.100
1.111

(extension)

(sign-bit inverse)
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Clock/Data Routing vs. Clock Skew
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Low Power FIR Implementation
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•Since critical path is smaller, for the same sample rate we 
can drop voltage for transpose form to reduce power 
consumption
•As voltage reduces towards threshold voltage, Vdd has hard 
lower bound
•If additional register power is too large voltage reduction 
may not compensate
•Hybrid architecture: direct form for m-taps, transpose in 
between
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Reference:
R. Jain, P. Yang, T. Yoshino, “FIRGEN: A Computer-Aided
Design System for High Performance FIR Filter Integrated
Circuits,” IEEE Transactions on Signal Processing, Vol. 39, 
No. 7, July 1991, pg. 1655-1668.


