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2-1)FIR Filter AtY¥ 3! Enable Signal ‘2]
2-1-1) FIR Filter A At (Specification)

2 ZZ2ME0|A TP Reconfigurable FIR Filter] 2 A2 CHSob ZCt,

S
&= At
Filter Type FIR (Finite Impulse Response)
Reconfigurability ||Coefficient SRAM 7|2t |14 7ts
Number of Taps 21 taps
Filter Structure Multiply—Accumulate (MAC)
Arithmetic Signed Fixed-Point
Coefficient Storage SRAM (Addressable)
Clock Domain Single clock
Output Type Accumulated FIR output

2-1-2) ¥4 / = A

e ZEHMEOM AE3t= enable signalE2& clk(AMAE &% clock)0| 2 sampling rate2&
600kHz(1/20*clock rate)E AHESILE. iFirln[2:0] pattern= 600kHz/64eaZ 64F0f SHEH 3'b001 EE
= 3b1112 YHSHA =Ch LHHX] 63H2 3'b0002 & 2B oFirOut[15:0]2 3'b001 impulse

response?t 3'b111 impulse response®| G &Zt, & FIR filterQ| coefficient valueE Z=3|A EICt.



2-2) HW block diagram
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2-4) Timing Diagram
2-4-1) Coefficient update phase

iClk_12kHz
iRsn J
{EnSample600kHz [

iCoeffUpDateFlag ‘ Coefficient update phase 1 FirFilterioperation phase

wCsnRam?1 | sPsraM wiite \
\ \ [

wAddrRam1[3:0] Don't care W 4n0 ) 41 ) ah2 W an3 Y ana i ahs X ahe i an7 ¥ ans Y 4ho Don't care

WWDtRam1[15:0] Don't care X j‘?g X josegf)( io;eglx ;Oseg] X josegf)( josegf)( i°;eg] X ;Oseg?)( ;osegt o :S i\ Don't care

wWrmRam1
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2-4-2) Filter operation phase

iClk_12kHz
iRsn
iEnSample600kHz

iCoeffUpDateFlag T Coefficient ] FirFilter operation phase

update phaset

wCsnRam1 ‘
wWmRam1 SPSRAII Read, 5 5 5 5 5 5 Y Y

wAddrRam1[3:0]

Don't care Don't care

wRdDtRam1[15:0] Don't care Don't care

wDelay1~10[2:0]

From Delay chain Don't care X:
Mul result[15:0] Don't care
wEnMul1
x:llj rgig“ delay Don't care
fedsi‘ﬁa Z%]C Don't care
wEnAdd1 & aCc1l
icli\ﬁ(jf(;[wsm Don't care Accl1~10(Sum of 10ea multiplier's output)[15:0]
iii\?wafzcons.m Don't care X Acc11~20(Sum of 10ea multiplier's output)[15:0]
Z‘iﬁﬁf@‘om;o} Don't care X Acc21~30(Sum of 10ea multiplier's output)[15:0]
;\e(ii\gwaicons:m Don't care X Acc31~40(Sum of 10ea multiplier's output)[15:0]

) AGdC'WW‘V

[F;’;:aélsu”” ~40 Don't care X Final Sum(15:0] ]
iEnSample600kHz 1 clock delay ‘-
OFirOut[150] Don't care e
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2-5) SRAM
2-5-1) SRAM2| 74
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2-5-3) SPSRAM(Single Port SRAM) Timing Diagram
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2-5-4) RTL Modeling & Testbench
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2-6) Accumulator
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2-6-2) Accumulator Block Diagram
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2-6-3) Accumulator Timing Diagram

A A A A A A A A A A A A A A A A A a
(€l Rising Edge) UL L e L e e
iRsn (Sync & low reset) _—| |
iUpdateFlag |
iCsn | |
iWrn | |
iAddr[1:0] Don't care 2'h0X2'h1X2'h2 2'h3>< Don't care
iWrDt[15:0] Don't care DO XEXEXEX Don't care
FSM's rCurrent p. ldle p_Update p_MemRd C‘))JX o_ldle
oCsn_Fsm | |
oWrn_Fsm
oAddr_Fsm[1:0] Don't care 2‘hOXEXEXEX Don't care
oCsn_Mux | | | |
oWrn_Mux | |
oAddr_Mux[1:0] Don't care 2'hOXEXEXEX I';Dpet 2'h0@@ 2'h3x Don't care
oRdDt[15:0] Don't care DO XEXEXE Don't care
olnSel_Fsm[1:0] 2ho 2'h0@@@ 2h0
oEnOut |_—|

16'h0(@ after iRsn) or Previous value[15:0](@ normal operation) 0AccOut[15:0]

2-6-4) Accumulator FSM(Finite State Machine)
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2-6-5) Accumulator’s conceptual Diagram

> D Q oAccOut[15:0J;
EN
iRdDt[15:0] wAccInB[15:0] A
iEnOut == 1'b1
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| Check
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3. Verilog
3-1) Reconfigurable_FIR_Top
mo.dule Rec.cmf.\'gurable_FIR_Top ( // FIR Filter
input wire iClk12M, . i
input  wire iRstn FIR_Filter uFirFilter (
output wire signed [15:0] oFirFinalSum .!Clk(|C_|k12M),
): iRstn(iRstn),
‘ AEn(WEn600k),

// Enable signals
wire wkn600k, wEn400k;
wire [7:0] wSampleCnt, wScramCnt;

.iData(wlmpulseOut),
.oData(wFirOut)

)
// Data signals

wire signed [15:0] wimpulseOut; // Accumulator

wire signed [15:0] wFirQut; Accumulator uAccumulator (
wire signed [15:0] wAccSum; iClk(iIClk12M),
wire [15:0] wDacQut; iRstn(iRstn),
AEn(wEn400k),
// Enable generator iData(wFirQut),
EnableGen uEnableGen ( .oSum(wAccSum)
AClk12M(iClk12M), );
JIRstn(iRstn),
.oEn600k(wEn600k), // DAC interface
.0En400k(wEn400k), DACIF uDAC (
.0SampleCnt(wSampleCnt), JCIKGCIK12M),
oScramCnt{wScramCnt) . .
] iRstn(iRstn),
) iData(wAccSum),
.oData(wDacOut)

// Impulse generator
ImpulseGen ulmpulseGen (

)

iClk(Cl12M),
iRstn(iRstn), //EE FR &8 21 ef s HE
AEn(wEn600k), assign oFirFinalSum = wAccSum;

olmpulse(wimpulseOut)
) endmodule



3-2) Reconfigurable_FIR

l/*module FIR_Filter(
input wire iClk,
input wire iEn,
input wire signed [15:0] iData,
output reg signed [31:0] oData
)
parameter TAP = 21;
reg signed [15:0] coeff [O:TAP-1];
reg sighed [15:0] shift [0:TAP-1];
integer i;

initial begin
coeff[0] = 16'sd12;
coeff[1] = 16'sd0;
coeff[2] = -16'sd25;
coeff[3] = 16'sd23;
coeff[4] = 16'sd0;
coeff[5] = -16'sd36;
coeff[6] = 16'sd48;
coeff[7] = 16'sd0;
coeff[8] = -16'sd97;
coeff[9] = -16'sd231;
coeff[10] = 16'sd999;
coeff[11] = -16'sd231;
coeff[12] = -16'sd97;
coeff[13] = 16'sd0;
coeff[14] = 16'sd48;
coeff[15] = -16'sd36;
coeff[16] = 16'sd0;
coeff[17] = 16'sd23;
coeff[18] = -16'sd25;
coeff[19] = 16'sd0Q;
coeff[20] = 16'sd12;
end

always @(posedge iClk) begin
if (iEn) begin
// shift register
shift[0] <= iData;
for(i=11i<TAP;i=i+1)
shifti] <= shift[i-1];

// convolution

oData <= 0;
for((=0:i<TAP;i=i+1)
oData <= oData + shift[i] * coeff[i];
end
end
endmodule

*/



3-3) EnableGen

module EnableGen (
input wire iClk12M,
input wire iRstn,
output reg oEn600k,
output reg oEn400k,
output reg [7:0] oSampleCnt,
output reg [7:0] oScramCnt

// 12MHz — 600kHz (20 cycles) / 400kHz (30 cycles)
reg [4:0] cnt_600k;
reg [5:0] cnt_400k;

always @(posedge iClk12M or negedge iRstn) begin
if (liRstn) begin
cnt 600k <
cnt 400k <
oEn600k
oEn400k
oSampleCnt <= 0;
oScramCnt <= 0;
end else begin
// 600kHz enable & sample counter
if (cnt_600k == 19) begin
cnt 600k <= 0;
oEn600k <= 1;
oSampleCnt <= oSampleCnt + 1;
end else begin
cnt_ 600k <= cnt 600k + 1;
oEn600k <= O;
end

0
0;
0;
0

'

]

<
<

// 400kHz enable & scram counter

if (cnt_400k == 29) begin
cnt 400k <= 0;
oEnd00k <= 1;
oScramCnt <= oScramCnt + 1;

end else begin
cnt 400k <= cnt 400k + 1;
oEnd00k <= 0;

end

end
end
endmodule



3-4) ImpulseGen

L‘nodule ImpulseGen (
input wire iClk,
input wire iRstn,
input wire iEn, // wEn600k (FIR2t &2 Enable)
output reg signed [15:0] olmpulse

reg [7:0] cnt;

always @(posedge iClk or negedge iRstn) begin
if (!iRstn) begin
ent <= 0;
olmpulse <= 0;

end else if (iEn) begin
1/
// FIR shift_reg Y tap(10)0ll X3 impulse=S Ht5| X|A|7]7] 93l
// iEn A asserted =7t0fl BEZ 1% impulse 24

/1
if (cnt == 8'd0)

olmpulse <= 16'sd300; // 100 — 30022 B (1/3 4 24 8i2)
else

olmpulse <= 16'sd0;
cnt <=cnt + 1;
end

end

endmodule

3-5) SymbolGen

module SymbolGen (

input wire iClk,
input wire iRstn,
input wire iEn,

output reg signed [15:0] oSymbol
reg [1:0] idx;

always @(posedge iClk or negedge iRstn) begin
if (liRstn) begin
idx <= 0;
oSymbol <= 0;
end else if (iEn) begin
case (idx)
2'd0: oSymbol <= -16'sd3;
2'd1: oSymbol <= -16'sd1;
2'd2: oSymbol <= 16'sd1;
2'd3: oSymbol <= 16'sd3;
endcase
idx <= idx + 1;
end
end|
endmodule

3-6) DACIF

module DACIF (
input wire iClk,
input wire iRstn,
input wire signed [15:0] iData,
output reg signed [15:0] oData

%
always @(posedge iClk or negedge iRstn) begin
if (liRstn)
oData <= 0;
else

oData <= iData; // simple scaling
end
endmodule



3-7) Accumulator

module Accumulator (
input wire iClk,
input wire iRstn,
input wire iEn,
input wire signed [15:0] iData,
output reg signed [15:0] oSum

reg signed [31:0] acc;

always @(posedge iClk or negedge iRstn) begin
if (liRstn) begin
acc <= 0;
oSum <= 0;
end else if (iEn) begin
acc <= acc + iData;
oSum <= acc[31:16]; // A Y =4
end
end
endmodule

3-8) SpSRAM

module SpSram(
input wire iClk,
input wire iRsn,
input wire iWE,
input wire [4:0] iAddr,
input wire [15:0] iData,
output reg [15:0] oData

reg [15:0] mem [0:20];

always @(posedge iClk or negedge iRsn) begin
if(liRsn) oData <= 16'd0;
else oData <= mem[iAddr];

end

always @(posedge iClk) begin
if(iWE) mem[iAddr] <= iData;

end

initial begin
mem[0] = 16'sd12;
mem[1] = 16'sd0;
mem[2] = (-16'sd19);
mem([3] = 16'sd23;
mem([4] = 16'sd0;
mem[5] = -16'sd36;
mem[6] = (16'sd48);
mem[7] = 16'sd0;
mem[8] = -16'sd101;
mem[9] = 16'sd205;
mem[10] = (16'sd499);
mem([11] = 16'sd205;
mem[12] = 16'sd101;
mem[13] = 16'sd0;
mem[14] = 16'sd48;
mem[15] = -16'sd36;
mem[16] = (16'sd0);
mem[17] = 16'sd23;
mem[18] =-16'sd19;
mem([19] = 16'sd0;
mem[20] = (16'sd12):

end

endmodule



3-9) SpSRAM_tb

module SpSram_tb;
reg iClk,iRsn,iWE;
reg [4:0] iAddr;
reg [15:0] iData;
wire [15:0] oData;
SpSram uut(
iClk(iClk),
iRsn(iRsn),
AWE(IWE),
JAddr(iAddr),
.iData(iData),
.oData(oData)
)i
initial iClk=0; always #5 iClk=~iClk;
initial begin
iRsn=0; iIWE=0; iAddr=0; iData=0;
#20 iRsn=1;
#20;
repeat(21) begin
iAddr=iAddr+1;
#10;
end
#100 $stop;
end
endmodule

4. TesthBench

4-1) TTop_FIR_TB

‘timescale Tns/1ps
module TTop_Fir_TB;

reg iClk12M;
reg iRstn;
wire [15:0] oFirFinalSum;

initial begin

iClk12M = ;

forever #41.667 iClk12M = ~iClk12M:;
end

initial begin
iRstn = 0;
#200;
iRstn = 1;
#1000000;
$display("Simulation complete.");
$stop;
end

Reconfigurable_FIR_Top DUT (
ACIk12M@GClk12M),
_iRstn(iRstn),
.oFirFinalSum(oFirFinalSum)

)

initial begin
$dumpfile("FIR_Top_TB.vcd");
$dumpvars(0, TTop_Fir_TB);
end

endmodule



5. Waveform

4 [TTop_Fir_TBUTACk12M

4 [TTop_Fr_TBDUT/Rsin
B-“u [TTop_Fir_TB/DUT foFirFinalsum

4

[TTop_Fir_TB/DUT fwimpulseCut

{TTop_Fir_TB/DUT/wFirOut
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6-2) &Z

Reconfigurable FIR Filter & Z2MEZS TIASIH O|2o=0t HIYE FIR EE =& &X oSt=
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