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(57) ABSTRACT 
An FIR decimation filter includes the a shift register (51) 
including M flip-flops arranged in M/R rows (52, 54, 56,58) 
of R bits each, wherein M/R is an integer and R is the 
decimation ratio of the FIR decimation filter. The shift 
register has an input for receiving Serial digital input infor 
mation. Half of the rows are Sequentially arranged in an 
upper Section and the other half of the rows are arranged 
Sequentially in a lower Section. Each row has a left tap and 
a right tap. The shift register includes a bidirectional shift 
register in the top row of the lower Section. A control circuit 
(70) controls shifting operations which each shift input data 
and data present in the shift register (51) by R bits so as to 
load a new group of R bits into each row. M/(2R) pre-adders 
(57, 59) each have first and second inputs connected to the 
right tap points of Symmetrically opposite rows of the upper 
Section and lower Section, respectively and arithmetic circuit 
(60,62) is coupled to receive output information from the 
pre-adders and effectively multiplying the output informa 
tion by the coefficient information. An accumulator circuit 
(74) is coupled to accumulate information from an output of 
the arithmetic circuit and output the accumulated informa 
tion as a filtered, decimated representation of the Serial 
digital input information. 
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FIR DECIMATION FILTER AND METHOD 

BACKGROUND OF THE INVENTION 

0001) The invention relates to use of FIR filters as 
decimation filters, and more particularly to a FIR decimation 
filter which allows a reduction in the amount of integrated 
circuit chip area required, and which also reduces power 
dissipation, especially for high-performance applications. 

0002 Prior art FIG. 1 shows a conventional finite 
impulse response filter 2. (Finite impulse response filters are 
hereinafter referred to as FIR filters.) FIR filter 2 includes a 
suitable number of delay elements 46.8 . . . 14 connected 
Sequentially, So that the input Signal IN is applied to the input 
of delay element 4, the output of which is connected to the 
input of delay element 6. The output of delay element 6 is 
connected to the input of the next delay element 8, and So 
forth. Each of the delay elements “corresponds' to another 
of the delay elements So as to accomplish a desired filtering 
operation. For example, the first delay element 4 corre 
sponds to the last delay element 14, and the Second delay 
element 6 corresponds to the next-to-last delay element 12, 
and so forth. One commonly used type of FIR filter is a 
linear phase filter. The coefficients of a linear phase filter 
have Symmetric features, and because of the Symmetric 
features, the corresponding data bits referred to can be 
advantageously paired prior to reduce the number of mul 
tiplications required. 

0.003 Specifically, outputs of the corresponding delay 
elements are added together, and the resulting Sum is mul 
tiplied by a coefficient. For example, the outputs of corre 
sponding delay elements 4 and 14 are added together by 
adder 16, and the result is multiplied by a first coefficiental 
by means of a first multiplier 17. Similarly, the outputs of 
corresponding delay elements 6 and 12 are added by adder 
18, and the resulting sum is multiplied by a coefficient a2 by 
means of a multiplier 19, and so forth. The results of the 
adding operations and coefficient multiplication operations 
then are all Summed by an adder 22 to produce an output 
signal OUT. The delay elements typically are implemented 
by using D-type flip-flops, which when connected as 
described above, constitute a shift register in which the 
flip-flop outputs constitute tap points. At least one adder, 
Such as adder 16, and at least one multiplier, Such as 
multiplier al, are required for each corresponding pair of 
flip-flops, if the adder and multiplier are operating at the 
Same Speed as the rate at which the incoming data is being 
clocked into the shift register. 

0004. However, the fact that the output rate of a decima 
tion filter is much lower than its input rate usually allows 
Some hardware, especially adders and multipliers, to be 
shared in a simplified design. If the multipliers and asSoci 
ated accumulators are allowed to operate at multiples of the 
rate at which the incoming data is being clocked into the 
shift register, then multiple pairs of flip-flops of the shift 
register can share the same multiplier and accumulator 
circuitry. 

0005 Nevertheless, each D-type flip-flop in prior art 
FIG. 1 still needs to be individually accessed with corre 
sponding control circuitry to accomplish the required pre 
adding, and also needs to transfer its content to the next 
Successive D-type flip-flop. The excessive wiring, complex 
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routing, and corresponding control logic circuitry of the FIR 
filter shown in FIG. 1 result in excessive use of Surface area 
on an integrated circuit chip. 

0006 Prior art FIG.2 shows another 16 tap FIR filter 30, 
which is implemented as a "dual-loop shift register that 
may be used in Some analog-to-digital converters. AS shown 
in part (a) of FIG. 2, the dual loop shift register 30 includes 
a first shift register chain 38 in which data bits Z1.2 ... 8 
are Stored, and a Second shift register chain 36 in which data 
bits Z9,10 . . . 16 are stored. The output of flip-flop Z8 is 
provided as an output at end 34 of shift register chain 38 and 
also is connected to the input of flip-flop Z16. Bit Z9 
provided as an output at end 34 of shift register chain 36. 

0007 The configuration illustrated in parts (a)-(d) of 
FIG. 2 is for a 16-bit oversampling analog-to-digital con 
verter (ADC). With FIR filter 30 implemented as a dual-loop 
shift register, data Signals Zi, wherein the index I is equal to 
0,1,2,..., are accessed only at the ends 32 and 34 of shift 
register chains 36 and 38. Larger values of the index letter 
I correspond to the most recent values of the bits Zi of the 
incoming input data Signal. The flow of data through FIR 
filter 30 is illustrated in the sequence shown in FIG. 2, the 
initial state of FIR filter 30 being shown in part (a) of FIG. 
2. After one data shift or clock cycle, the data bits are located 
as shown in part (b) of FIG. 2. After the next seven data 
shifting operations, the 16-bit shift register is operationally 
configured as shown in part (c) of FIG. 2. After one more 
clock cycle, the output of the shift register chain 38 is 
connected to the input of shift register chain 36 again, as 
shown in part (d) of FIG. 2, to start a new cycle. This 
operation aligns the shifted data So that corresponding bits of 
data can be added in a fashion analogous to that for the FIR 
filter of prior art FIG. 1. 
0008 Although the shift register configuration of FIG. 2 
may require leSS Surface area of an integrated circuit chip 
because it does not require routing of the output of each 
flip-flop of each shift register chain to the various adders as 
in the prior art FIR filter of FIG. 1, the FIR filter of FIG. 2 
requires calculating mathematical functions by clocking the 
two shift register chains with a significantly higher speed 
than the data input rate. In this 16 tap filter, the shift register 
chain has to be operated at least about eight times faster than 
the incoming data rate. This high-speed clocking Substan 
tially increases power dissipation. Also, in Some cases the 
clocking Speed required for calculating the mathematical 
functions may be too high to be practical using available 
technology. 

0009 U.S. Pat. No. 5,170,368 discloses a digital decima 
tion filter in which shift registers are used to take incoming 
data. A bank of Switches is deployed between the shift 
registers and the accumulator output to provide, in conjunc 
tion with appropriate control circuitry, Selective access to the 
content of the various shift register flip-flops to accomplish 
the data processing. U.S. Pat. No. 5,838,725 discloses a 
floating point digital transversal filter in which shift registers 
are used to take incoming data. The filter output result is 
generated through a ROM lookup table. U.S. Pat. No. 
4,817,025 discloses a digital filter in which shift registers are 
used to take incoming data. Every register output is used for 
calculation every clock cycle. The digital filter is used in an 
interpolation filter. U.S. Pat. No. 5,193,070 discloses a 
transversal filter circuit having circuits that include bidirec 
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tional shift registers for Serial multiplication. It is used to 
shift coefficients up or down for serial multiplication. U.S. 
Pat. No. 5,297,069 discloses a finite impulse response filter 
(FIR filter) in which shift registers are replaced by recircu 
lating addressable memory. The Shifting structure has feed 
back, making it a recirculating Structure. 

SUMMARY OF THE INVENTION 

0010. Accordingly, it is an object of the invention to 
provide an FIR decimation filter which consumes less power 
and requires leSS integrated circuit chip area than the above 
described prior art. 
0011. It is another object of the invention to provide a 
generic design methodology for an FIR decimation filter. 
0012 Briefly described, and in accordance with one 
embodiment thereof, the invention provides an FIR decima 
tion filter including a shift register (51) including M flip 
flops arranged in M/R rows (52, 54, 56, 58) of R bits each, 
wherein M/R is an integer and R is the decimation ratio of 
the FIR decimation filter. The shift register has an input for 
receiving Serial digital input information. Half of the rows or 
Sequentially arranged in an upper Section, and a Second half 
of the rows are arranged Sequentially in a lower Section. 
Each row has a left tap and a right tap. Abidirectional shift 
register (56) is included in the shift register (51). The 
bidirectional shift register (56) includes the top row of the 
lower section. A control circuit (70) controls shifting opera 
tions So as to shift input data and data present in the shift 
register (51) by R bits for each shifting operation So as to 
load a new group of R bits into each row. M/(2R) pre-adders 
(57,59) each have first and second inputs connected to the 
right tap points of Symmetrically opposite rows of the upper 
Section and lower Section, respectively. Arithmetic circuitry 
(60.62) is coupled to outputs of the pre-adders to receive 
output information from the pre-adders and to receive coef 
ficient information and to effectively multiply the output 
information by the coefficient information. The accumulator 
circuitry (74) is coupled to accumulate information from an 
output of the arithmetic circuitry and output the accumulated 
information as a filtered, decimated representation of the 
Serial digital input information. In the described embodi 
ments, the flip-flops are D-type flip-flops. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 FIG. 1 is a block diagram of a conventional finite 
impulse response filter (FIR). 
0.014 FIG. 2 is a sequence of data flow diagrams useful 
in explaining the operation of a prior art “dual-loop shift 
register” FIR filter. 
0015 FIG. 3A is a block diagram of a generalized FIR 
decimation filter according to the present invention. 
0016 FIG. 3B is a block diagram of the bidirectional 
shift register 56 of FIG. 3A. 
0017 FIG. 3C is a logic diagram of the combination of 
pre-adders 57, add/subtract/null circuit 60, and accumulator 
64 used in FIG. 3A. 

0.018 FIGS. 4A-D are block diagrams illustrating the 
operation of the FIR decimation filter of FIG. 3A. 
0019 FIG. 5 is a block diagram of an alternative FIR 
decimation filter according to the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0020. The present invention includes the feature of 
accessing the data Signals only at the ends of the shift 
register rows, as in the structure of prior art FIGS. 2A-D, in 
order to reduce interconnect complexity that would be 
required if the structure of prior art FIG. 1 were to be used. 
The present invention also provides the advantage of 
enabling the 16-bit shift register 51 of FIG. 3A to shift at the 
Same clock rate as the rate at which input data is shifted into 
the 16-bit shift register. This provides a Substantial Savings 
in power consumption, and also avoids the difficulty of 
having to provide the very high clock signal Speed required 
by the system of prior art FIG. 2. 
0021 FIG. 3A illustrates a general view of an FIR 
decimation filter circuit 50 in accordance with the present 
invention. The FIR filter circuit shown in FIG. 3A is 
illustrated for the case of a 16 tap FIR decimation filter with 
a decimation ratio of 4. A 16 tap shift register 51 includes a 
number of shift register rows or “slices”52, 54, 56 and 58, 
wherein data Signals are accessed only at the ends of each of 
shift register rows 52, 54, 56, and 58. 
0022. In FIG. 3A, 16 tap shift register 51 includes sixteen 
D-type flip-flops FF1,2,3 . . . 16 connected sequentially as 
illustrated to form a 16-bit shift register. The 16-bit shift 
register 51 is divided into four 4-bit shift register rows or 
sections 52, 54, 56, and 58. That is, the total number of taps 
(i.e., 16) of shift register 51 is divided by the decimation 
ratio (i.e., 4) of decimation filter 50. 
0023 Shift register row or section 52 includes flip-flops 
FF1, FF2, FF3, and FF4, with the input of flip-flop FF1 
receiving the input signal IN. The output of flip-flop FF4 
produces a digital Signal S1 on conductor 49, which is 
connected to one input of an adder 57. 16-bit shift register 
51 also includes three additional four-bit shift register rows 
or sections 54, 56, and 58. Section 54 includes flip-flops 
FF5, FF6, FF7, and FF8, with the input of flip-flop 5 being 
connected to the output of flip-flop FF4. The output of 
flip-flop FF8 produces an output signal S2 on conductor 51, 
which is connected to one input of an adder 59. 
0024 Section 56 includes flip-flops FF9, FF10, FF11, and 
FF12 connected as shown in FIG. 3B as a 4-bit bidirectional 
shift register. The input of bidirectional shift register 56 is 
connected to conductor 51, and its output produces a signal 
S3 on conductor 53, which is connected to a second input of 
adder 59. 

0.025 Section 58 includes FF13, FF14, FF15, and FF16, 
with the input of flip-flop 13 being connected to conductor 
51 and the output of flip-flop FF16 producing a signal S4 on 
conductor 55, which is connected to a second input of adder 
57. 

0026 Control circuitry 70 provides a signal CLK on 
conductor 79 to the 16 tap shift register 51, and also provides 
control signals on multiconductor bus 77 to control the 
direction of data shifting in row 56, as Subsequently 
explained. The output of adder 57 is applied to an input of 
Add/Sub/Null circuit 60. Add/Sub/Null circuit 60 has a 
Second input connected by multiconductor buS 61 to an 
output of a ROM (read only memory) 68, which, when 
properly addressed via bus 75 by control circuitry 70, 
produces a first coefficient value on multiconductor bus 61. 
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The output of adder 59 is connected to one input of an 
Add/Sub/Null circuit 62 having a second input connected by 
multi-conductor bus 63 to another output of ROM 68, which 
produces a Second coefficient value on conductor 63. Since 
the data in the presently described embodiment of the 
invention is only one bit wide, pre-adding the two corre 
sponding bits, paired as described above, results in only 
three different signals. Therefore, the required multiplication 
by a coefficient can be accomplished in a simple manner, by 
adding the coefficient to, Subtracting the coefficient from, or 
performing a null operation on, the contents of an accumu 
lator register. However, if multi-bit data is shifted through 
the shift register, then true multipliers rather than the Add/ 
Sub/Null circuits, are required. 
0027 Add/Sub/Null circuit 60 has a multi-conductor 
output 65 connected to parallel inputs of an accumulator 64. 
The accumulator 64 has an output 69 connected to one input 
of an adder 72. Add/Sub/Null circuit 62 has a multi-con 
ductor output 67 connected to parallel inputs of an accumu 
lator 66. Accumulator 66 has an output 71 connected to 
another input of adder 72. Adder 72 produces a decimated 
output signal OUT on conductor 73. Accumulator 64 and 
accumulator 66 constitute a composite accumulator circuit 
74, which receives a control signal via conductor 76 and the 
clock signal CLK from control circuitry 70. At the beginning 
of each numerical Sequence producing output data, control 
circuitry 70 produces a signal on conductor 76 to clear or 
reset the composite accumulator circuit 74. Then control 
circuitry 70 causes add/subtract/null operations to be per 
formed by Add/Sub/Null circuits 60 and 62 on the outputs of 
adders 57 and 59, respectively, and causes the results thereof 
to be accumulated in accumulators 64 and 66, respectively. 
At the end of those operations, the result is output as data. 
One clock period later the composite accumulator 74 is 
reset, and the proceSS is repeated. A detailed logic diagram 
of Add/Sub/Null circuit 60 is shown in Subsequently 
described FIG. 3C. 

0028 FIG. 3B shows an embodiment of the bidirectional 
shift register 56 implemented by using a plurality of 2-to-1 
multiplexers and a plurality of flip-flops. Referring to FIG. 
3B, bidirectional shift register 56 includes four D-type 
flip-flops 85-1, 85-2, 85-3, and 85-4, each having a clock 
input connected by conductor 80 to the System clock signal 
CLK. The D inputs of flip-flops 851, 85-2, 85-3, and 85-4 
are connected to the outputs of four 2-to-1 multiplexers 
(referred to as 2-1 multiplexers) 83-1, 83-2, 83-3, and 83-4, 
respectively. Each of multiplexers 83-1,2,3,4 has a direction 
input connected by conductor 81 to a left/right direction 
Signal. Conductor 81 also is connected to the direction input 
of an output 2-1 multiplexer 87. Each of multiplexers 
83-1,2,3,4 has a first input IN1 and a second input IN2, one 
of which is switched to the output of the subject multiplexer 
depending on the level of the left/right direction signal on 
conductor 81. The first input of multiplexer 83-1 is con 
nected by conductor 51 to the signal S2 and also to the 
second input of multiplexer 83-4. The second input of 
multiplexer 83-1 is connected to the output Q of multiplexer 
85-2 and to the first input of multiplexer 83-3. The first input 
of multiplexer 83-2 is connected to the Q output of flip-flop 
85-1 and to the second input IN2 of output multiplexer 87. 
The second input of multiplexer 83-2 is connected to the Q 
output of multiplexer 85-3 and to the first input of multi 
plexer 83-4. The second input of multiplexer 83-3 is con 
nected to the Q output of multiplexer 85-4 and to the first 
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input IN1 of output multiplexer 2-1. The output of output 
multiplexer 87 is connected to above described conductor 53 
to conduct the Signal S3. Of course, those skilled in part can 
easily provide various different implementations of bidirec 
tional shift register 56. 
0029) Referring to FIG. 3C, the circuitry 57,60,64 
includes pre-adder 57, Add/Subtract/Null circuit 60, and 
accumulator 64, with conductors 49 and 55 connected to the 
two inputs of a two-input AND gate 90, the output of which 
is connected to a first input of each of a bank of two-input 
AND gates 91. The second input of each of two-input AND 
gates 91 is connected to a corresponding one of a plurality 
of conductors 61 which conduct the first coefficient from the 
output of read only memory 68 in FIG. 3A. In one actual 
implementation of the invention, the number of conductors 
61 conducting the first coefficient is equal to 25. The outputs 
of the bank of AND gates 91 are connected, respectively, to 
a plurality of inputs of a bank of OR gates 92, the outputs 
65 of which are connected to parallel inputs of accumulator 
64. 

0030 Conductors 49 and 55 also are connected to the two 
inputs, respectively, of a two-input NOR gate 93, the output 
of which is connected to a first input of a bank of two-input 
AND gates 95, the outputs of which are connected, respec 
tively, to the second inputs of each of the NOR gates 92. The 
second input of each of the bank of AND gates 95 is 
connected to an output of a corresponding inverter 94. The 
inputs of the bank of inverterS 94 are connected, respec 
tively, to the conductorS 61 conducting the first coefficient. 

0031. The carry in input of accumulator 64 is connected 
to the output of a two-input NOR gate 98, the inputs of 
which are connected to conductors 49 and 55, which conduct 
S1 and S4, respectively. 

0032) If S1 and S4 are both at a logical “0”, then the 
circuitry of FIG. 3C subtracts the first coefficient on con 
ductors 61 from the contents of accumulator 64. If S1 and S2 
both are at a logical “1”, then the circuitry of FIG. 3C adds 
the first coefficient on conductors 61 to the contents of 
accumulator 64. If S1 is a “0” and S4 is a “1” or vice versa, 
then the outputs 65 of the bank of NOR gates 92 outputs all 
“O's which are added to the contents of accumulator 64. 

0033. It may be helpful to understand that when S1 and 
S4 are both equal to a logical “0”, the circuit of FIG. 3C 
produces the inverted value of the first coefficient. The 
output of NOR gate 98 is applied to the carry in input of 
accumulator 64 and is at a logical “1”. This results in 
Subtraction of the first coefficient from the contents of the 
accumulator 64. The other three possible values of S1 and S2 
result in a logical “0” at the output of NOR gate 98. This 
results in addition of the number on conductors 65 to the 
contents of accumulator 64 (when the first coefficient and 
accumulator contents are expressed in two's complement 
format). When S1 and S4 both are at a logical “1”, then the 
value of the first coefficient is replicated on conductors 65, 
and this value is added to the contents of accumulator 64. (It 
should be noted that those skilled in the art could readily 
provide the function accomplished by the circuit of FIG.3C 
in various other ways.) 
0034). In operation, FIR decimation filter 50 of FIG. 3A 
pairs up the data in 16-tap shift register 51 So as to reduce 
the number of required multiplications by one-half. In order 
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to pair up the data properly, the direction of data in the top 
row 56 of the bottom half 56, 58 of shift register 51 is 
reversed for every 4-bit shifting operation, where every 4-bit 
shifting operation consists of shifting a number (equal to the 
decimation ratio) of Successive additional bits of the input 
IN into shift register 51. 
0035. Note that this basic algorithm and structure apply 
regardless of what the decimation ratio R is and regardless 
of how many bits are included in the shift register 51. The 
shift register (i.e., shift register 51), is always divided into an 
upper half and a lower half, the input data IN is shifted into 
one end of the top row of flip-flops of the upper half, and the 
top row of flip-flops of the bottom half always is part of the 
above mentioned bidirectional shift register. That always 
results in the desired pairing of bits to be pre-added. 
0.036 The number of taps of the shift register is divided 
by the decimation ratio, and the result is rounded up to the 
next higher integer in order to determine the number of rows 
or slices into which shift register 51 is divided. The width, 
i.e., the number of bits, of each of row or Slice is equal to the 
decimation ratio. The bits paired are the bits at Symmetri 
cally opposite row ends of the upper half and lower half of 
the Shift register. The most recent data, i.e., the data bits 
having the largest values of the index I indicated in Subse 
quently described FIGS. 4A-D, always appear at the “left” 
ends of the rows of flip-flops in the “upper” half of the shift 
register, and the data bits having the largest values of the 
index I always appear at the “right’ ends of the rows of 
flip-flops in the “lower” half of the shift register. It is the 
alternating of the direction of data shifting in bidirectional 
shift register 56 every other 4-bit operation shifting the input 
data IN which makes that happen. 
0037. In the case of 1-bit wide data, the result of the 
pre-adding is simply to determine whether to add a coeffi 
cient, Subtract the coefficient, or do nothing. The result of 
this determination is equivalent to multiplying by the coef 
ficient, so Add/Sub/Null circuits 60 and 62 are provided for 
this operation. Control circuitry 70 provides appropriate 
control signals to the 4-bit shift register rows 52, 54, 56 and 
58, ROM 68, and accumulators 64 and 66. Accumulators 64 
and 66 operate in parallel for each operation, So as to 
accumulate the output of the Add/Sub/Null circuits 60 and 
62 and to clock out multiple accumulated outputs at the end 
of an operation. The outputs of the parallel accumulators 64 
and 66 are Summed by adder 72 to produce a filtered, 
decimated output OUT. 
0038 FIGS. 4A-D illustrate the above operation by indi 
cating the flow of data through row shift registers 52, 54, 56, 
and 58 during the Sequential Stages of operation. Bidirec 
tional shift register 56 changes direction after every 4-bit 
shifting operation So as to properly align the output Streams 
S1, S2, S3 and S4 for the pre-adding function every (4 being 
the decimation ratio). 
0039. In FIGS. 4A-D it is assumed that a serial stream of 
input datab,b,b-...b represented by IN is being shifted 
in 4-bit groups into the input of 16-bit shift register 51. In 
FIG. 4A, bits basis of the serial stream are present in 
row shift register 52, which consists of flip-flops FF12.3.4. 
Bits b12.1 oo are stored in row shift register 54, bits b567s 
are stored in row shift register 56, and bits bles are stored 
in row shift register 58, as shown. 
0040 FIG. 4B illustrates the location of the various bits 
of IN after bits boos, have been shifted from left to right 
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into flip-flops 52. This causes bits boss to be shifted 
from left to right into flip-flops 54. The direction of data flow 
through bidirectional shift register 56 is reversed from the 
previous 4-bit group of input bits, So bits biolo are 
shifted from right to left into flip-flops 56. Bits bses are 
shifted from left to right into flip-flops 58. 

0041 FIG. 4C illustrates the location of the various bits 
of IN after bits base have been shifted from left to right 
into flip-flops 52, causing bits by solo to be shifted from 
left to right into flip-flops 54, bits basis to be shifted 
into flip-flops 56, and bits boot to be serially shifted into 
flip-flop 58. 

0042 FIG. 4D illustrates the location of the various bits 
of IN after bits base.72 as have been shifted from left to right 
into flip-flops 52, bits base have been shifted from left 
to right into flip-flops 54, bits boos, have been shifted 
from right to left into flip-flops 56, and bits basis have 
been shifted from left to right into flip-flops 58. The con 
figuration shown in FIG. 4D shows bit bas properly aligned 
with bit be so it can be pre-added by adder 59, and also 
ShowS bit be properly aligned with bit b, to be pre-added 
by adder 59. This is consistent with the above-described 
algorithm, and which the most recent bits, i.e., the bits with 
the largest indeX I, appear at the left ends of the rowS 52 and 
54 in the upper half of shift register 51 and at the right ends 
of the rows 56 and 58 in the lower half of shift register 51. 
Note that the ideas of the rows or sections 52, 54,56, and 58 
being “upper”, “lower”, “right', and “left” as described 
above are purely conceptual. Actually, is only necessary that 
the shift register 51 is capable of having an “upper portion 
and a “lower” portion and that is theoretically capable of 
being divided into upper, lower, right, and left rows or 
Sections as described. 

0043 FIG. 5 shows an alternative structure to that of 
FIG. 3A. Referring to FIG. 5, FIR decimation filter 50A is 
similar in structure to that of FIR decimation filter 50 of 
FIG. 3A except that the outputs of adders 57 and 59 were 
are connected to inputs of a multiplexer 47 instead of two 
Add/Sub/Null circuits 60 and 62, and the accumulator 
structure 74 of FIG. 3A has been replaced by an accumu 
lator circuit 78 shown in FIG. 5. In FIG. 5, the selection 
input of multiplier 47 is connected to receive a double 
frequency control signal on conductor 84 from control 
circuitry 70. The output of multiplexer 47 is connected to 
one input of a single Add/Sub/Null circuit (or multiplier 
circuit) 60A, the other input of which receives a coefficient 
signal on multiconductor bus 61A from the output of the 
ROM 68. The output of Add/Sub/Null circuit 60A is con 
nected to the data input of accumulator 78. Control circuitry 
70 produces a double frequency accumulator control Signal 
on conductor 48 which is applied to the control input of 
accumulator 78. The output of accumulator 78 produces the 
decimated output signal OUT on conductor 73. The circuit 
structure shown in FIG. 5 reduces the overall circuit cost by 
allowing hardware, including Add/Subtract/Null circuit 60A 
and accumulator 78, to be shared. 

0044) In accordance with the present invention, providing 
the bidirectional shift register row 56 and altering the 
direction of the data Stream therein avoids the need to use a 
feedback loop as required in the prior art. The technique of 
providing a bidirectional shift register row and altering the 
direction of the data Stream has a further advantage that the 
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clock Speed of the shift registers can be seen as the Speed at 
which the incoming data is clock into the shift registers. 
0045 While the invention has been described with ref 
erence to Several particular embodiments thereof, those 
skilled in the art will be able to make the various modifi 
cations to the described embodiments of the invention 
without departing from the true Spirit and Scope of the 
invention. It is intended that all elements or StepS which are 
insubstantially different or perform substantially the same 
function in Substantially the same way to achieve the same 
result as what is claimed are within the Scope of the 
invention. 

What is claimed is: 
1. An FIR decimation filter comprising: 
(a) a shift register including M flip-flops arranged in M/R 

rows of R bits each, wherein M/R is an integer and R 
is the decimation ratio of the FIR decimation filter, the 
shift register having an input for receiving Serial digital 
input information, half of the rows being Sequentially 
arranged in an upper Section, a Second half of the rows 
being arranged Sequentially in a lower Section, each 
row having a left tap and a right tap, 

(b) a bidirectional shift register included in the shift 
register including a one of the rows located at the top 
of the lower section; 

(c) control circuitry for controlling the a shifting opera 
tions to shift input data and data present in the shift 
register by R bits for each shifting operations So as to 
load a new group of R bits into each row; 

(d) M/(2R) pre-adders each having first and Second inputs 
connected to the right tap points of Symmetrically 
opposite rows of the upper Section and lower Section, 
respectively; 

(e) arithmetic circuitry coupled to outputs of the pre 
adders for receiving output information from the pre 
adders and for receiving coefficient information and 
effectively multiplying the output information by the 
coefficient information; and 

(f) accumulator circuitry coupled to accumulate informa 
tion from an output of the arithmetic circuitry and 
output the accumulated information as a filtered, deci 
mated representation of the Serial digital input infor 
mation. 

2. The FIR decimation filter of claim 1 wherein the 
flip-flops are D-type flip-flops. 

3. The FIR decimation filter of claim 1 wherein the serial 
digital information is one bit wide, and wherein the arith 
metic circuitry includes a first addition/Subtraction/null cir 
cuit for adding the coefficient information to the contents of 
the accumulator circuitry, Subtracting the coefficient infor 
mation from the contents of the accumulator circuitry, or 
neither, depending on the output of one of the pre-adders. 

4. The FIR decimation filter of claim 3 wherein the first 
addition/Subtraction/null circuit has an input coupled to an 
output of a first pre-adder, and the arithmetic circuitry 
includes a Second addition/Subtraction/null circuit having 
input coupled to an output of a Second pre-adder and an 
output coupled to a Second input of the accumulator cir 
cuitry. 
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5. The FIR decimation filter of claim 1 wherein the 
arithmetic circuitry includes at least one multiplier circuit 
coupled to receive output information from at least one of 
the pre-adders and an output coupled to the accumulator 
circuitry. 

6. The FIR decimation filter of claim 1 including a and a 
read only memory coupled to receive a coefficient informa 
tion addresses from the control circuitry, the read only 
memory Storing addressable coefficient information, the 
read only memory having an output coupled to the arith 
metic circuitry. 

7. The FIR decimation filter of claim 4 wherein the 
accumulator circuitry includes a first accumulator and a 
Second accumulator, the first accumulator having an input 
coupled to the output of the first addition/subtraction/null 
circuit, the Second accumulator having an input coupled to 
the output of the Second addition/Subtraction/null circuit, the 
outputs of the first and Second addition/Subtraction/null 
circuits being coupled to first and Second inputs, respec 
tively, of an adder circuit to output the accumulated infor 
mation is the filtered, decimated representation of the Serial 
digital input information. 

8. The FIR decimation filter of claim 1 including a the 
multiplexercircuit having first and Second inputs coupled to 
outputs of a plurality of the pre-adders and an output coupled 
to an input of the arithmetic circuitry, the multiplexercircuit 
including a channel Selection input coupled to an output of 
the control circuitry for receiving an increased-frequency 
channel Selection Signal from the control circuitry, the 
accumulator circuitry having a control input coupled to 
receive an increased-frequency control Signal from the con 
trol circuitry. 

9. The FIR decimation filter of claim 1 wherein the 
bidirectional shift register includes R flip-flops and multi 
plexing circuitry including a direction control input coupled 
to the control circuitry and also including outputs and 
Selectable inputs connected ball to the outputs in response to 
a direction control Signal received from the control circuitry, 
the outputs of the multiplexing circuitry being coupled to 
inputs of the flip-flops, respectively, and the various inputs 
of the multiplexing circuitry being coupled to outputs of the 
various R flip-flops so as to shift data output by a one of the 
rows located at the bottom of the upper Section through the 
R-flops in directions determined by the control circuitry. 

10. An FIR decimation filter comprising: 

(a) a shift register including M flip-flops arranged in M/R 
row Sections which can be conceptualized as rows of R 
bits each, wherein M/R is an integer and R is the 
decimation ratio of the FIR decimation filter, the shift 
register having an input for receiving Serial digital input 
information, half of the row Sections being Sequentially 
arranged in a first major Section which can be concep 
tualized as an upper Section, a Second half of the row 
Sections being arranged Sequentially in a Second major 
Section which can be conceptualized as a lower Section, 
each row Sections having a first end tap which can be 
conceptualized as a left tap and a Second end tap which 
can be conceptualized as a right tap, 

(b) a bidirectional shift register in one of the M/R row 
Sections located in the Second major Section at a 
location thereof which can be conceptualized as a top 
of the Second major Section; 
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(c) control circuitry for controlling the a shifting opera 
tions to shift input data and data present in the shift 
register by R bits for each shifting operations So as to 
load a new group of R bits into each row Section; 

(d) M/(2R) pre-adders each having first and Second inputs 
connected to the right tap points of Symmetrically 
opposite row Sections of the first major Section and 
Second major Section, respectively; 

(e) arithmetic circuitry coupled to outputs of the pre 
adders for receiving output information from the pre 
adders and for receiving coefficient information and 
effectively multiplying the output information by the 
coefficient information; and 

(f) accumulator circuitry coupled to accumulate informa 
tion from an output of the arithmetic circuitry and 
output the accumulated information as a filtered, deci 
mated representation of the Serial digital input infor 
mation. 

11. A method of operating an FIR decimation filter, 
comprising: 

(a) providing a shift register including M flip-flops 
arranged in M/R rows of R bits each, wherein M/R is 
an integer and R is the decimation ratio of the FIR 
decimation filter, the shift register having an input for 
receiving Serial digital input information, half of the 
rows being Sequentially arranged in an upper Section, a 

Jun. 20, 2002 

Second half of the rows being arranged Sequentially in 
a lower Section, each row having a left tap and a right 
tap, 

(b) performing shifting operations in which R bits of the 
input information are shifted into a first row at the top 
of the upper Section during each shifting operations, 
Such that a group of R new bits appear in each row, 
respectively, as a result of each shifting operation; 

(c) reversing a direction of shifting all of the R bits from 
the bottom row of the upper Section through the top row 
of the bottom Section 4 every shifting operation; 

(d) pre-adding information from the right taps of the rows 
by means of M/(2R) pre-adders each having first and 
Second inputs connected to the right tap points of 
Symmetrically opposite rows of the upper Section and 
lower Section, respectively; 

(e) operating arithmetic circuitry coupled to outputs of the 
pre-adders for receiving output information from the 
pre-adders to effectively multiply the output informa 
tion by predetermined FIR coefficient information; and 

(f) accumulating information from an output of the arith 
metic circuitry and outputting the accumulated infor 
mation at a predetermined decimated rate. 


