DF2 DIY Digital Filter (aipha 1.2 10/2023)

OnbIT npeablaywero npoekta DF1 nokasan, yto LLd Ha FPGA nHTepeceH NobuTtensam He Kak

rOTOBbIM MPOEKT, @ KaK «3aroToBKa» A1A NPUMEHEHMA B KACTOMHOM Au3aliHe. [03ToMy HOBbI NpoeKT DF2

ABNIAETCA pa3BuTuem npegbiayuiero npoeKkTa, HO BbINOJ/IHEH Ha I'IO,D,O6M€ ¢pe171MBopKa, B KOTOpOM onuuun

3a4al0TCA YCNOBHOM KOMMNUAALMEN.

Kak 1 B npeablaywem npoekte B DF2 npumeHeHa onTuMm3auma ¢asonnHenHbIX GUAbTPOB YEeTHOro

nopAgKa: Maku AOMNO/IHEHbI CYMMaTOpPamMu A5 NpeABapuUTeIbHOro CyMMMPOBaHMA CEMMNJIOB,

COOTBETCTBYHOLWMNX OANHAKOBbIM KO:—)d)-TaM. PeafIM3yE‘TCFI TaKaA apmd)meTMKa 3a CYET C/I0KHOM CXeMbl

appecaumm FIFO 6ydepos B moayne ADR_GEN, KoTopyto ynpocTutb 0cob60 He nosay4vmaocb. Ho 3a cuet

3KOHOMMM Ha YMHOXMUTEIAX TaKasa CXema BCe PaBHO NoJslyYyaeTca BbirogHee, ocobeHHo Ha MNJIUC bes

BblAeNeHHbIX 6noKoB YMHOXeHUA.

YTto HoBOrO B DF2:

10.

3HauMTeNbHO yNpoLLeHa CTPYKTypa npoekTa. Agpo ¢unbtpa DF2_FIR_CORE, nomumo
KOHUIypaLMOHHbIX BXO40B, TeENepPb MMEET Ha BXOZE U BbIXOAE TONbKO NapanienbHble WNHbI
OaHHbIX. JONONHUTENbHbIX CUHXPOHU3UPYIOLLMX CUTHAIOB He TpebyeTcs.

ATtTeHtoaTop 13 BxoaHoro moayna SAI_INPUT nckntoueH, Tenepb ero ¢-t0 BbINOJHAET MakK, Ha
YTO pacxoAyeTca AOMNOSHUTE/IbHO Napa TaKToB B Npouecce obcyeTta puabTpoB. A cam Moy /b
Tenepb Pacno3HaeT A/ NHY ppeirima aBTOMaTUYECKN. [LOCTaTOMHO 334aTb HY*KHbIM popmar 12S
nHTepodeiica.

YMHOXeHUe Tenepb BbIMOMHAETCA 3a A,Ba TaKTa, YTO NO3BOJINAO0 MOYTU B NOATOPA pa3a NOAHATL
npoun3BOANTENbHOCTb. 117 NepBoro MHTepnoasTopa BblaeneHo FIFO Basoe bonblie: Ha
MaKCMMabHyo 4MHYy Ao 512 Tanos (6e3 yyeTa AonycTMmoro nopazka ¢punbTpa).

JobasneHa nogaepka Koad-ToB MMHUMANbHODA30BbIX GUnbTPoB. A B camom LLd caenaHo 4
pexunma ¢unbtpaumumn: normal, sharp, short, slow.

Job6asneH SPI nHtepdeiic gns 3anmcy 8 O3Y Npom3BoIbHOIO 3HaYEeHMA aTTEHOALMM, @ TaK Ke
KaCTOMHbIX KO3$ODUUNEHTOB, KOTOPbLIE MOXKHO 3aiUTb BMeCTO ¢unbTpa slow.

OntumusuposaH MAK. Tenepb y Hero abcTpakTHOE onMcaHKe, YTo No3BoNAET
napameTpu3npPoBaTb HE TOJIbKO PA3PAAHOCTb AAHHbIX, HO U Pa3pAAHOCTb KO3)-TOB.
YnpouieHo onncaHune ROM Koad-ToB. Tenepb OHW BbIHECEHBI B OTAE/NbHbIV Gaiif C TabNMUYHbIM
npeacTaBAeHUEM.

OKpyrneHue gaHHbIX Tenepb BbINOJHAETCS C LWEUMMHIOM, C BO3MOXHOCTbIO 334aHMA NopAaKa
oT 1 8o 3. U c BO3MOXKHOCTbIO 3aaHMA NPOU3BO/IbHOM Pa3pAAHOCTM OKPYIeHUA oT
npuéamsutTenbHo 4-x o 24-x 6ut. A nepeg wernepom u amsepom aobassieHa oTae/bHan
aTTeHaumMA 41a NpeAoTBpaLLeHMs nepenoiHeHns u3-3a aobasaeHua WwWyma.

[Job6aBneHbl ONUUOHA/bHbIE ancemniepbl, NO3BONAOLWME HAPACTUTb KPAaTHOCTb OBEPCEMMJIMHIA
BMJIOTb A0 YAaCTOTbl TAKTUPOBAHMA.

Moaynu BbiBoAa HanucaHbl B Asyx Bepcuax: SSAI_OUTPUT — ynpoLeHHbIi Moaynb Ans
MaKCMMa/IbHOM 3KOHOMUM PECYPCOB C HEMPEPbIBHbIM BUTKIOKOM, 4711 BbIBOAA HA ayAMoO-
LUAMbI. M USAI_OUTPUT — yHMBepCa/ibHbIA MOAYNb BbIBOAA AAHHbIX, NOAAEPHKUBAOLLNIN
dYHKUMOHAN Kak ayamo, Tak 1 SPI LUATM-0B, B TOM Yncne cABOEHHbIX, C 3aro10BKaMu nepes,
OaHHbIMUK. BTOpolt mogyb aHanornyeH moayto Bolsoga DF1, HO 4n1a ynpoL,eHna BbINOAHEH C
KoHbUrypaumen yCnoBHOW KOMNUASALUMEN M 6e3 onuum KoHBeepu3aumu.



YactoTHble xapaktepuctuku DF2 B pexkume Sharp

Sharp PassBand
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Sharp x16
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HepaBHOMEPHOCTb B NosI0CE NPONyCcKaHUsA B pexkume sharp c x32 osepcemninmHrom (6es yueta
AOMONHUTENbHbIX MHTEPMONATOPOB) MmeHee +/-0,00002456.

3azepKKa cMrHana B pexkume x16 osepcemninHra ana unstpa sharp: okono 1,8mc, ansa punbTpa
short — okono 0,3mc.



3amepbl Wweinepa Ha napannenbHom LIAM B pexxume 8 6uT c oBepcemnamHrom x16 (705,6krw).
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Hactpoiika npoekra B IDE.

Ons FPGA ¢ BbICOKMM rpeiaom Kakon-To TOHKOM HacTPOMKKM He TpebyeTca. A BoT ans bonee
meaneHHbix MNUC (FPGA Cyclone c rpeitgom 8, unmn FPGA Lattice c rpeligom Z), Bo nsberkaHne 601bwmnx
pasbexkek GPOHTOB Ha BbIXOAaX, HEOBXOAMMO HACTPOUTL TPACCUPOBLUMK 1 33LaTb KOHCTPENUHTbI TAUMUHIOB

BbIXOAHbIX CUTHa/10B.

[ns TakToBOro Bxoaa iCLK Heobxoanmo BbibMpaTb NOPT € onumei robasbHOro KoKa.
Ons nanc Lattice Heobxoanmo ncnonb3osaTe Komnuaatop Synplify Pro (BbibupaeTcs B cB-Bax

NPOEKTa, U NPU CO3L4aHUUN NMPOEKTA).

HaCTPOﬁKa KOHCTpeﬁHTOB nontumunusaymm mannuHrom.

1. Heo6XO,CI,VIMO CKOHd)VII’ypVIpOBaTb TpUrrepbl Ha BbIXOAHbIX MOPTax.

JOnsa FPGA Cyclone oOHM N0 YMONYAHUIO OTKJIOUYEHbI, MO3TOMY HYXKHO UX BKOYUTD.

[ns 3TOro B N1aHMPOBLLMKE NMHOB BKAOYMTL cToN0eL, Fast Output Register u gns BbIxogHbIX

NOPTOB AaHHbIX 3a4aTb 3Ha4YeHne On.

=40 &
COOeeOVAVACLOeNe /AACTCOOACVAVABGEEGED
3T 32 30 40 41 42 43 44 45 45 4T 42 49 50 51 52 53 54 55 56 57 58 59 6D 61 B2 63 B4 65 66 67T 62 &8 TO T T2
’: Hamed: (§ v |« Edit 3¢ Jl{on Filter: |F'ins: Al _vJ
Mode Name Direction Location WVREF Group 10 Standard Weak Pull-Up Resistor | Fast Output Register | »
55 o oBCK Output PIN_50 B4_N2 3.3V LVTTL (default) On
56 & oDG Output PIN_53 B4_N1 3.3V LVTTL (default) on
57 & oDl Output PIN_43 B4_N2 3.3V LVTTL (default) On
58 @ DR Output PIN_51 B4_N2 3.3V LVTTL (default) On
59 & olAT Output 3.3V LVTTL (default) On
w |60 o WK Output PIN_52 B4 N1 3.3V LVTTL (default)
& |61 <<new node>> i
=
For Help, press F1 NUM

[na FPGA MachXO2 s IDE Diamond 3Tv Tpurrepbl Hy»KHO HA060POT BbIKAOYNTb.

CHavana Heobxoanmo cobpaTb JIOFMKY NPOEKTA — BbINONHUTL Npoueaypsl 4o Map Trace
BK/OYMTEIbHO. 3aTeM OTKpbiBaem Spreadsheet View, nepexoaum Ha sknaaky Cell Mapping 1 ana
BbIXOAHbIX NOPTOB 3a1a€M 3HA4YEHUA False:

= Lattice Diamond - Spreadsheet View
Ele Edit View Project Design Process Jools Window Help
HrE-Ha 8By M E RAQqde | EEE
@PeceecEa0EEG A=UsQoMB Y MW( @
Process 8 x| 3 StartPage Reports [ [27 sA1_ouTPUTY [27 mB_DF2.v [ i’ spreadsheetView [} i}  Programmer
. Ei”z’;?:l;_\:r:]::‘ogn & Type MName Din/Dout PIO Register
% Translate Design o |1 Register _DF2_FIR_CORE__DF_CONTROL_rLRCio[0] DIN True
v % Map Design 0|2 Register _SALINPUT_rSHHio[11] DIN True
%L Map Trace me |3 A Invalid _SAI_OUTPUT_rDGio DoUT
O 3 Verilog Simulation File
] 2 VHDL Simulation File w4 A Invalid _SAL_OUTPUT_rSHRio[23] DouT
v 2 Place & Route Design o |5 A Invalid _SAI_OUTPUT_rSHLia[23] DOUT
= Place & Route Trace =
2o Timing Analysis
i Export Files k
[ 2 18IS Madel _
O 3 Verilog Simulation File “
] & VHDL Simulation File
B3] “2 Bitstream File m
= JEDEC File
File List Pro'c;ss Hierarchy---Fost Map Resources ¥ Port Assignments Fin Assignments Clock Resource Route Priority Global Preferences Timing Preferences Groi




2. Yepes KOHCTPENHTbI TAUMUHIOB HEOHXOAMMO 334aTb KENAEMYIO TaKTOBYIHO YacTOTy U
MWHUMANbHYIO 3a[,ePXKKY KIOKA OTHOCUTENIbHO BbIXOA0B.
B Quartus an5 3Toro camolii npocToi cnocob —yepes Classic Timing Analyser Settings B cBoicTBax
NpoeKTa 3a4aem OMLUMM KaK Ha CKPUHE:

Settings - SAI_LOUTPUT X

Cateqgory:

- Libraries A
- Device

(- Operating Settings and Conditions Specify settings for the Classic Timing Analyzer. Use the Assignment Editor for individual timing
H assighments. Maote: These settings affect the Clazsic Timing Analyzer only. To specify TimelQuest

:::;g:rature Timing Analyzer settings, uze the Timeluest Timing Analyzer [Timing Analysis S ettings menu).

[EI- Compilation Process Settings

. Early Timing E stimate Delay requirements = - e

- Incremental Compilation | epart minimum timing checks

- Phyzical Synthesiz Optimization tout
= EDA Tool Settings il

- Diesign Enty/Spnthesis e nz

- Simulation tpd:

- Timing Analyziz ns

- Formal Werification the

- Phyzical Synthesis

Bo.ard-Level . . Clack Settings
= Analysiz & Synthesis Settings

- WHOL Input Default required fmax |50 MHz =

“Werilog HOL [nput —
.. Default Parameters Individual Clocks..

- Fitter Settings

- Timing Analysiz Settings .
Timeluest Timing Analyzer e Sl
=8 E_Iassic: Timing Analyzer 5 etting

i Classic Timing Analyzer Fe
- Azzembler Drescription:

D.emgn Assmtant. Specifies the maximum acceptable clock to output delay to the output pin. The clock to output

- SignalTap Il Logic Analyzer delay iz the time required to obtain a valid output at an output pin that iz fed by a register after a

- Logic Analyzer Inteiface clock signal transition on an input pin that clocks the register. This time always represents an
B Simulator Settings external pin-to-pin delay.

imulation Verification
imulation Output Files o

mivime D iy Dmiime foim mliimmr © mbbinm
< > oK | Cancel

B Diamond onsTb cnoxkHee. O6Lein onunm ana BCeX MMHOB HETY, MO3TOMY CNEpPBa HYXKHO C034aTb
COOTBETCTBYIOLLYIO FPYNMY M3 HYyXHbIX NMHOB. 11 3Toro B Spreadsheet View nepexoanm Ha Bknaaky Group
W KNMKaem Ha BknagkKy Define Port Group:

fy

* Lattice Diamond - Spreadsheet View — O

Eile Edit View Project Design  Process  Tools  Window Help

A-p-HdB[w | L Q& EE DEEE
PECEHESESES T HBEG HMSQASsVMBT FEHNEE:G
Process & X 'a_ﬁ Start Page Reports 17’ Spreadsheet View ] 5
i E}rnthesiz-eDesign a & Group Type/Name Value
5 L Synplify P-ro ....
%L Translate Design nn PERET S T
v % Map Design ¢ Define ASIC Group
2L Map Trace e UGroup
[ & Verilog Simulation File :h,l
[] & VHDL Simulation File =
hd : Place & Route Design B
= Place & Route Trace E
2 1/0 Timing Analysis
v 2 Export Files -
[ & 18IS Model v
File List Process Hierarchy-—Post Map Resources y [urce Route Priority Cell Mapping Global Preferences Timing Preferences t Group '_‘



Bbi6rpaem Hy»Hble BbIXOAHbIE MOPTbI M B OKHE Group hame 334aem UMA rpPynnbl:

"% Edit Logic Group Property X
@p name: | Doutput Type Color
By: | allports cel (@ Port ASIC
Selected Ports:
Available Ports:
BCKL
W i0SCSEL -] S oo
o
W iCONF[5] oL
. ol
B iCONF[4] a3 BCKR
ol
I iCONF[3] WCKR
o!
W iCONF[2] R
ol
W iCONF[1] =
B iLRC
& iDAT e
oCLK
o(05C44
meman Y
=
e T Filter
,ﬂ,O}'I)'KHO NOoNy4YnTbCA NPUMEPHO TakK:
" Lattice Diamond - Spreadsheet View
Eile Edit View Project Design Process Jools Window Help
A-g-Ha rayPhEERAQLAAQ H:EEEQ
YELCEBEESDEREGAEVYIQAsNBY BEER @
Process & x| (B startage [0 Reports [ 27 satoutruty ) 2 mMeoFzv [0 i SpreadshectView [ §}  Programmer -imp
~ Synthesize Design
2 Synplity Pro & Group Type/Name Value
s . | ¥ Define Port Group
%L Translate Design nn v .
~ ¥ Map Design =] 0BCKL
%Y Map Trace n OWCKL
[ 2 Verilog Simulation File e oDL
[0 £ VHDL Simulstion File - 0BCKR
4 : Place & Route Design ’.’ﬂ O‘gsKR
- 0
= Place & Route Trace = Define Cell Group
- - I{O'ﬂmmg Analysis Define ASIC Group
v &= ExportFiles |\ UGroup
O 2 18IS Model =
[ 2 Verilog Simulation File
by Y
[ ¥ VHDL Simulation File
[ 2 Bitstream File 2
= JEDECFile
o ¢ | PortAssignments  Pin Assignments  ClockResource  RoutePriority  CellMapping  Global Preferences  Timing Preferences  Group

3aTtem nepexoamm Ha BknagKy Timing Preferences v knnkaem Ha onumto CLOCK_TO_OUT.

Type

Second Type

All ports

@ Group

INPUT_SETUP
(® CLOCK_TO_oUT

Individual ports

Output delay
[ pLL phase back

<! INPUT_SETUP/CLOCK_TO_OUT Preference

?
Available Output Groups: Clock PortsNets:
M Doutput B iCLK -
L iSCK
"Lla _SAIINPUT/FLRC
"1 iCLK c o
[ ¥ icke Q|
Clodk Out Ports:
CLE lal
T Doutput 9 o
| | o5C44
o5C48
Time: [0.000000 | ns oPWR_DF v
Mintme:  [0.000000 | ns [ Fiter
Clock offset: [0.000000 |
[Fromeel | <Empty> Clear

X




B oKoLwKe crnpaBa BblbMpaem KoK coeanHenune iCLK_c, cnesa — co3gaHHyo rpynny NopToB U
3aZ,aeM OMuUUM KaK Ha CKPUHeE. 3aKpbiBaeM OKHO M KanKaem Ha onuunto FREQUENCY:

J'u:i_' PERIOD/FREQUEMCY Preference ? X
=
i Available Clock Mets:
() PERIOD
"L _SAl INPUT/LRC
(®) FREQUENCY "L iCLK ¢
e e g "La iSCK _c
Mone
(®) Net
Port
[T ickc Q]
Frequency: | 50.000000 | Mz
Hold margin: |D.D[J[JDDD | ns
PAR_ADX: | |

OnaTb Bbl6npaem Net iCLK_c n 3agaem gns Hero yactoty 50Mru.
JOonXKHO NOAYYMUTLCA NPUMEPHO TaK:

* Lattice Diamond - Spreadsheet View = [m}

File Edit View Project Design Process JTools Window Help

ArE-Had B ragmmn:6E E E @ d
PECEHESESCEHEGAELUYOSNEY BREEEE @

Reports [ [ satoutrutv [] [ meDF2v [] i Spreadsheet View [ 1]1].

Mame Preference Value  Preference Unit

Process [ |

v % Synthesize Design
L Synplify Pro d
% Translate Design J'U'IL

NCY

v % Map Design ~ NET "iCLK_c"
%L Map Trace Frequency 50.000000 MHz
[1 & Verilog Simulation File e Hold Margin 0.000000 ns
[0 2 VHDL Simulation File PAR_ADJ 0.000000
~ % Place & Route Design o REHIOD
- g A INPUT_SETUP

% Place & Route Trace

é v CLOCK_TO_OUT
Q" 1/0 Timing Analysis ~ GROUP "Doutput” CLKNET "iCLK_c"
v 2 ExportFiles 3 Time 0.000000 ns
[0 2 18IS Model = Min Time 0.000000 ns
-
Clock Offset 0.000000
o T 5 e
O : VErI|Dg.SImLI|E.tIDI'1.FI|E = PLL Phase Back OFF
[0 ¥ VHDL Simulation File Output Delay is Qutput Delay
[ & Bitstream File [ MULTICYCLE
& JEDEC File P MAXDELAY
- 21 CLKSKEWDIFF
E
b
»
M- Pr.. Hierarchy—Post Map Reso... ¥ N Assignments Clock Resource Route Priority Cell Mapping Global Preferences Timing Preferences



3. HacTpo#Ka onTMmMM3aumm TPacCMpPOBLLMKaA.
Ons FPGA Cyclone He 06A3aTenibHO, MOXKHO 3TOT War NPOnNyCTUTb.
B Quartus HaxoauTca B pasgene Fitter Setting B cB-Bax npoekTa.

Settings - SAI_OUTPUT

Category:

- General
- Files

- Libraries
- Device

<

- Operating Settings and Conditions
i Woltage

- Temperature

[ Compilation Process Settings

- Early Timing E stimate

- Incremental Compilation

- Physical Synthesis Optimizatio
- EDA Tool Settings

- Design Entry/Synthesiz

- Simulation

- Timing Analyzis

- Formal Werification

- Physical Synthesis

- Board-Level

nalysiz & Synthesiz Settings

- WHDL |nput

- Werilog HOL Input

- Default Parameters

ming Analysis Settings

- TimeQuest Timing Analyzer
B Classic Timing &nalyzer 5etting
... Classic Timing Analyzer Re
Azzembler

Design Assistant

SignalT ap Il Logic Analyzer

Logic Analyzer Interface

E| S_imulator Settings

|

R

Specify options for fitting.

Timing-driven compilation

v Optimize hold timing: |I.-"D Pathz and Minimum TPD Paths

[~ Optimize mulki-cormer timing

PowerFlay power optimization: |N0rmal compilation

Fitter effart
" Standard Fit [highest effort]
™ Fast Fit [up to 50% faster compilation / may reduce fmax]

{* Auto Fit [reduce Fitter effort after meeting timing requirements]

Desired worst case slack [margin): |0 nz -

[~ Limit to one fitting attempt

Seed: |1

Description:

Cancel

OTKprBaEM pacwnpeHHble HaCTpOﬁKM 1 3a4aemM MaKCMMaJIbHYHO ONTUMKN3aALUIO:

Mare Fitter Settings X

Specify the settings for the logic options in wour project. Azsignments made to an individual node or
entity in the Aszsignment E ditor will override the option settings in this dialog box.

Option

Reset
1 arne:
Setting: On ﬂ Reset Al
Description:

Allows the Fitter to chooze the optimal delay chain to meet tsu and tco A
timing requirements for all |/0 elements. Tuming on thiz option may
reduce the number of tsu violations while introducing a minimal number

E wisting option settings:

Mame: Setting: ~
b aintain Compatibility with All Cyclone 1| M4K, Versions On

b axtimum number of global clocks allovwed -1 [UMLIMITED)

Optimize |0C Register Placement for Timing On

Optirize Timing Marmal canmpilation

Optimize Timing for ECOs Qff

PCI 10 aff

Flacement Effort bMultiplier 1.0

Fiegenerate full fit report during ECO compiles Qff

Router Effart Multipher 1.0

Router Timing O ptimization Level

Stop After Congestion Map Generation L

‘weak Pull-Up Resistor Qff %

o]

Cancel




B Diamond oTkpbiBaem KOHGUrypauuo komnuaatopa Strategy, nepexoanm K meHto Map Design u
BK/IlOYAEM OMUMM KaK Ha CKpUHe (415 NAKC C BbICOKMM rpeingom bbictpogeicteus (HE, HC) 3TOT NyHKT
MOHO MPOMNYCTUTb, YTO MO3BOJIUT CIKOHOMMUTbL PECYPChI):

B-B-Ha B2 &

B

PEOEHBEE S CEEGQAATUsSOcoMaY FEDNEME G
File List & % startPage [ Reports ©] [ saroutputy [] [ wmeoFav [ i Spreadsheetview [ it
~ [y mB_oF2 & <
L LCMX02-T000ZE-1TG144C
v Strategies
rg, Area Description:
[E® 10 Assistant
[} s Process
. I ~ 7 Synthesize Design
Display catalog: | All w2 Default
Name Type Value
G ';ans\;teDEslgn Command Line Options Text
¥ MB_DF2.v 'ET\A ES\-?FI 10 Registering List Aute
¥ Synthesis Constraint Files L s lgnore Preference Errors T/F True
Place & Route Design
B df2sde Infer GSR T Tiue
- lace & Route Trace e 3 =
v LPF Constraint Files O Timing Analysis Overmap device if design does not fit T/F False
['1 MB_DF2Ipf Tirning Simulation Pack Logic Block Util. [blank or 0to 100]  Num 0
E#’“Q};"ﬂ Bitstream Register Retiming T/F
cript _' e.s Report Signal Cross Reference T/F False
ki -}#'Ia\ysls Files Report Symbol Cross Reference T/F False
-] df2.tpf E 3
23 ';’] o Timing Driven Mapping T/F True
D{D?:;_:Edfﬁmpl_ml :mmg gr?ven ;Jud: Replication :::: :.ll':rue
B impl_mb_df2/mb_df23 iming Driven Packing / Tue
Cancel Apply Help

Ons NJINC Lattice Heob6xoaMMO PacCMOTPETDL eLle OAHY HAaCTPOMKY CMHTE3a. ITO aBTOMaTUYECKas
KOHBeMepm3auma Normkn. [laHHas onums NoBbIWaeT 6bICTPpOAENCTBME NOMMKK 3a cHeT Bo/blLero pacxoaa
pecypcos, 4To No3Bo/IAET UCNO/Ib30BaTb FPGA Lattice ¢ cambiMm HU3KMM rpengom ckopocTu ZE. Ho He
no3eosiAeT BmecTuTb NpoekT DF2 B mmnkpocxemy LcmXo2-2000ZE.

B Takom c/iyyae B3ameH AaHHOW ONUMM MOXKHO UCMoJib3oBaTb 6osee bbicTpble NJIUC ¢ MHAEKCOM
HE nan HC, anbo ana rpeiiga ZE NOHM3UTb TAKTOBYHO YacTOTY. A KOHBENEPM3aLMIO OTK/TIOUYUTb B CB-BaX
komnunstopa Synplify Pro.

TaKKe, ANA UCKAOYEHUA KOHOAMKTOB Komnuaaumm B Diamond cnegyeT BkAOUMTL onumio Resolve
Mixed Drivers.

" Strategies - Strategyl ? X
Description: |
Process
v 7 Synthesize Design
== i : Al -
SRS Display catalog; Default
SE Name Type Value &
& ans:;ta Desige Mumber of Critical Paths Num
ap Design
i Number of Start/End Points Num
Map Trace : 7
& < & Route Design Qutput Metlist Format List Mone
lace & Route Trace Pipelining and Retiming b
0 Timing Analysis Push Tristates TF True
ming Simulation Resolve Mixed Drivers TF
itstream Resource Sharing TF True
Update Compile Point Timing Data TF False
Use Clock Period for Unconstrained I/0 - T/F False
Use LPF Created from 5DC in Project TF True
VHDL 2008 TF False
v
Allows the use of duplicate modules in your design.
Cancel apply ey
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dyHKuMuoHan aapa ¢punbtpa DF2_FIR_CORE.

[1:0] iIATT — BxoApl 3a4aHMA aTTEHIOALMM BXOAHbIX ayAMO-AaHHbIX.
b00: 0ab
b01: -1a5
b10: -2nB6
b11:-3ab (ans gaHHOro 3HauyeHMA AOCTyNHa nepesanucb Yepes SPI nHTepdeinc)

[1:0] iDF_MODE - Bxoab! Bbibopa perkunma LLd
b00: Normal — Pexxum cTaHaapTHOro NoayrnosocHOro ¢puabTpa-uHTEpnonsTopa.
b01: Sharp — Pexkum dasonuHeiiHoro Lid c kpyTbim cnagom (-9046 Ha yacToTe HalikBucTa)
b10: Short — Pexkum muHumanbHodasosoro Lid ¢ manoli 3ageprkKoi (-9046 Ha yacToTe HaiksucTa)
b11: Slow — Pexxum nonynonocHoro L® ¢ nonormm cnagom (AocTynHa nepesanunce Yepes SPI
uHTepdelic).

[2:0] iOVS_MAX — MaKcmanbHbI oBepceMnanHr LLO.

JaHHbIV napameTp 3a4aeT MaKCMMAaIbHYH KPpaTHOCTb oBepcemnivHra OVS RATIO no dopmyne:
OVS RATIO = 2 A iOVS_MAX. [inanasoH 4onycTumblx 3HaYeHui ot 0 —x1, go 5 —x32.

daKTMYeCKasa KPaTHOCTb OBEPCEMIMJIMHIA 33[1aeTCA aBTOMATUUYECKU C y4ETOM BXOZHOM YacTOTOM
ceMnanpoBaHuA.

[2:0] oINOVS — BbIXOAbl MHAMKALMMN BXOAHOW YaCTOTbl CEMMNANPOBAHUA, ONpeaeaeMoi Kak KpaTHOCTb
osepcemnanHra Ha exozge: IN OVS RATIO = 2 » oINOVS.

[nana3oH BbiIxoAHbIX 3HaYeHuin 0..4. KpaTHocTb O COOTB. YacTOTe CEMMANPOBAHMA Ha BXOe
44.1/48Klu. KpaTHoCTb 4 cooTseTcTByeT — 705.6/768KI L,

0OVFL, oOVFR — BbIxoAbl MHANKaLUM NepenonHeHUA B LWWMHe AaHHbIX BXOAHbIM CUrHaniom. Ncnonb3yetca
ONA MHAMKAUWMKW KAnNna BXO4HOMO CMrHana.

Mpn HaAnuMM nepenoaHeHUA B BbIXOAHOM CeEMMNNe MHAMKATOP COOTBETCTBYIOLLErO KaHana
yCTaHaB/MBaEeTCA B e4MHULY, MOKa BbIXOAHOM CEMNN/I HE CMEHUT caeayowWwmnin, 6e3 nepenosiHeHus.

MCLKSEL — KpaTHOCTb 4acTOTbl MacTepKIOKa. 3agaeTcA Kak "MCLK_SEL_x1024 vnu
"MCLK_SEL_x768. Jns kpaTtHOoCTM 1024 fOCTYNHbI YacToTbl TakTMpoBaHuA 1024Fs, 512Fs, 256Fs.
Ona KpatHocTn 768 AoCTynHbl 4acToTbl TakTUpoBaHUA 768Fs, 384Fs.

UPSAMPLE — napameTp aKTUBUPYIOLWMIA AONOAHUTEbHbIM ancemMmniep, BKAYAEMbIN Ha BbIXOZ,
OCHOBHOTO GUNbTPA-UHTEPNOAATOPA. PeKOMeHAyeTca BKAOYATb TO/IbKO NPY HEODXOAMMOCTH
oBepcemn/iMHra sbiwe x32. CymmMapHbli1 OBEPCEMNIMHI PaBEH NPOU3BEAEHMIO OBEPCEMMNINHIA OCHOBHOTO
LU® n pononHUTENBHOTO MHTEPNONATOPA.

Hanpumep, ecnm iOVS_MAX =5, UPSAMPLE = "DF2_UPSAMPLE_x4, T0 pe3ynbTupytoLwmii
OBEepPCEMMJIMHT Ha Bbixoge moayna DF2_FIR_CORE paseH OVS RATIO = (2 A 5) x4 =x128.

NSHOR — nopsAA0K HOMU3-LLENMMHTa, UCMONb3YEMOTro NPpu OKPYFIEHUMN.
JoctynHble 3HadeHus ot O (wennep BbiKAtoYeH), A0 3 (3-uit nopaaoK).

LENMIN — MrMHMMaNbHasA pa3pAaHOCTb OKPYIEHNA BbIXOAHbIX AaHHbIX B 6uTax. Onpeaennet
YPOBEHb AOMOMHUTENLHON aTTEHI0ALMM Nepes, OKPYrEHNEM.

Ecnu pa3pagHocTb BbIXoAHbIX AaHHbIX IODW 3aaaTb meHblue napameTpa LENMIN, To Bo3moXKHO
nepenosiHeHWe cymmaTtopa weinepa u amsepa.

11



dyHKUMOHAN moaynei BbiBOAa ayAUONOTOKA.

T.K. MOAYAM BbIBOAA UMEIOT AOCTAaTOMHO CNOXHbIN GYHKLMOHAA, TO BMECTO UX NMOJIHOrO ONMUCaHMA K
ncxoaHmkam DF2 npunaraetca NpoeKT KBapTyca C HACTPOEHHbIMM BPEMEHHbIMW Auarpammamn gns
MOAEeNNPOBaHMA pe3yabTaTa KOHOUIypauum BbiXxoaa.
MpPOEKT coAepKUT ABa Pa3HbIX MOAYNA HA BblbOp:
1. SSAI_OUTPUT — maKcMmasibHO NPOCTON MOAY/1b C HEMPEPbIBHbIM BUTKIOKOM M NPaBbIM
BblpaBHMBaAHMEM [AaHHbIX, PacCYMTaHHbIN Ha paboTy c ayamo LUAM-amu.

2. USAI_OUTPUT - yHMBEpPCaNbHbIM MOAYb, NOAAEPHKUBAIOLLMIA PEXKUM KaK C Pa3pbIBHbIM, TaK U
C HenpepbIBHbIM BUTKIOKOM, UMEIOLLIMIA BoNlee CNOMXKHYI0 CXeMy AennTena BUTKNoKa 1
paboTatowmin He TONIbKO € ayamo, HO U ¢ pasHbimu SPI LLAMamu.

[Na NOAKNIOYEHUA HYKHOMO MOAYNA B MPOeKTe cuMynaumm B Quartus HeobxoAMMOo B HaCTPOIKax
npoekKTa 3a4aTh MMA MOAYA KaK BEPXHEro Moayna B Mepapxmm npoeKra:

Settings - SAI_OUTPUT x

Category:

- General s

- Files

- Libraries YY'ou can change the top-level entity for the design; however, it is recommended that you create a
- Device new revision for each entity in order to maintain settings informatian,

=l Operating Settings and Conditions

Woltage Top-level entity: < UsSal_ouTPUT l J
i Temperature

Bl I::nmpilatinn Process Settings Recently selected top-level entities: |LISAI_EIUTF'UT
i Early Timing Estimate
Ihcremental Campilation

‘... Physical Synthesis Optimizatio

B ala T T IS

Description:

Mapametpusauma mogyna SSAI_OUTPUT

WCKW (word clock width) — 3agaet wmpuHy ctpoba WCK B Taktax iCLK.
MuHUManbHoe 3HayeHue 1:

oBCK  LMLMLMLCLL L L L L rL L L L L L L L L L L L L LT
oL 1 1

oDR 1 A
oWCK M

olLAT

oDG | o

MaKcrMmanbHoe 3HaYeHMe 3aBUCUT OT neproaa ppeinma (OT BbIXOAHOM YacTOTbl CEMMNANPOBAHUSA), U
paccuntbiBaetca Kak N-1, rae N —uncno taktos iCLK 3a nepuog BbixogHoro ¢ppeiima.

oBCK LML ML L L L i e m e e e n
oDL B ]

oDR 1 (RGN
oWCK L

olAT

oDG I—
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DGHW (deglitcher hold width) — 3agaeT WKpUHY ypOBHA XpaHeHUs gna curHana gernvrtyepa DG.
[JaHHbIM napameTp 3a4aeT WMPUHY cTPoba XpaHeHUA ¢ AUCKPeTHOCTbIo 32 wara aas ppenma
N060M WUPUHBI.
MuHuMmanbHoe 3HaveHue 1:

ok LML LML LML AL L L L L L L L L L L L L LT
oDL ] 1

oDR 1 BEREREES]
aWCK

olAT

oDG [

MakcnmanbHoe 31:

= O N AR R R R R A A R R A AR R
oDL 1 1

oDR i S T s
oWCK

olAT

oDG L]

MapameTtpusauyua mogyna USAI_OUTPUT

SPIMODE — 3agaet peXxvm BblBOAA AAHHbIX.
0 — ayano-untepdeic:
®peitm WCK dopmumpyetca ana 3arpyskm B ayamo LIAMbI, ¢ nepexonom B e AMHULY A0 TOro
KaK 3aBepLumTca BUTKIOK dpelima.
CurHan LAT oTkntoyaeTca (pUKcupyertcs B Hyb).
CurHan DG BbipaBHMBaeTcA no cnagatowemy ppoHTy WCK.

oBCK

oDL 1 1 1 1 1 Tl
oDR ! 1 I 1 L
owck || I

oDG ] J

ol AT

1 — SPIl nnTepdeiic:
®peintm WCK dopmupyetca ana 3arpysku 8 SPI LLAMbI.
Ctpob WCK mcnonb3ayetcs Kak curHan €S (chip select) SPI wuHbl.
CurHan LAT aKTUBMPYETCA U MOMKET HbITb MCNOJIb30BaH 419 CUHXPOHHOIO 06HOBEHUA
Bbixoga SPI LLAM.
CurHan DG nony4yaet BblpaBHUBaHWe B COOTBETCTBMM € NapameTpom DGMODE:

DGMODE = 0 — BbipaBHMBaHMe DG no Bo3pacTtatouiemy ppoHty WCK:

oK | [N UL UL i
oL 1 1 [l 1 Ml
oDR 1 1 T 1 11 L
oWCK [ ] [ ]

olAT L L

oDG ] T 1 T
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DGMODE = 1 — BblpaBHMBaHWe DG no cnagatowemy ¢poHTy LAT:

ok | [T UL L Mt
oDL M 1 M M -
oDR B L T R | R
owck | [ ] 1

olAT i L]

oDG i | IR

DGMODE = 2 — BbipaBHuBaHue DG no cnagatowemy ¢poHTy WCK:

oBCK | AN TN M
oDL M Bl M [ =t
oDR HEE 1 BIERE B
owck ([ ] 1

olAT L LT

oDG i 0 R

DDM (dual data mode) — AKTUBMpPYET peknm nocaeaoBaTe/IbHON 3arpy3Kkun AaHHbIX B caBoeHHble SPI LAMbI.
[na ncnonb3oBaHMA TaKOro pexkMma Heobxoanmo akTMBupoBsaTb pexxknum SPIMODE.
CuHXpOHHOE 06HOoBeHMe obounx LLAM B TakoM pesknMme BbINoHAETCA No curHany LAT.
DGMODE 3agaetca 1 — BblpaBHMBaHMe no cnagatowemy ¢ppoHTy LAT.

ebck L MAMMUU U Ui U UL MU U U U UL nnn
oDL | I | | I T A N A 11 L
oDR

owck |1 ! 71
oLAT F oL ]

oG T —

HEADLEN — 3apnaet pasmep 3arosioBka B butax gns SPI LAIN.

Ons LA, He Tpebyloluero 3arosoBKa, AaHHbIM NapameTp 3a4aeTcs Hyaem.

HEADL — 3agaeT 3Ha4yeHuMe 3aro/I0oBKa ANA /1IeBOro KaHana.

HEADR — 33zaeT 3Ha4yeHMe 3aroNoBKa A1A NPaBoro KaHana.

Mpumep SPI dpperima ¢ ANMHHOM AaHHbIX 20 6UT, € 3aronoBKaMun AAUHHOM 4 6UTa, CO 3HaYeHnem
0x1 (AD5791):

eBCK | MU L UL L UL
oDL I 1 1

oDR LT 1l 1 &0 f

owck | [ 1 Pt o b
oLAT L] [

oDG N T

B pexxume DDM napameTpbl HEADL 1 HEADR 3a4at0T 3aros1oBKu /19 NepBOro U BToporo 6,10Ka
OaHHbIX BO ppelime COOTBETCTBEHHO.

Mpumep SPI ppelima c AaHHBIMU AAMHHOMK 16 6UT 1 3aronoBKamm 0x1 n 0x2 annHoM 2 6uta ann
3arpysku gaHHbix B LAM DAC8812:

ek | TUUUUUUUUUUUUU UL Uy
oDL 1 I L M 1
oDR

oWCK ] ]

olAT LT LJ

oDG L ’—
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DGHW (deglitcher hold width) — 3agaeT WKpUHY ypOBHA XpaHeHUs oA curHana gernurtyepa DG,
aHanornyHo moaynto SSAI_OUTPUT, onncaHHoMy BblLle.

CONT (continuous bck) — AKTUBUpPYET pernm HenpepbIBHOTrO BUTKIOKA.
[na paHHOro pexxmnma He gonyckatotca 3HadeHus BCKDIV 2 (iCLK/3) u 4 (iCLK/6).
MapameTtp SPIMODE fonxeH 6biTb B HyNe.
[aHHble BbIBOAATCA C BblpaBHMBAHMEM BMPaBo Mo cnagatoliemy GppoHTy ctpoba WCK.

oBCK (g g g g A g g
oDL M 1 M

oDR M FIL M

oWCK 1 1] |

olAT

oDG | [
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SPI uHTepdenc

KoaddumumeHTbl nepBoro Kackaga MHTEPNOAATOPA, a TaK XKe 3Ha4YeHUe aTTeHIAToPa MOXKHO
3arpy3uTb Yepes SPI uHtepdeic.

[aHHbIN nHTepdelic akTUBUPYETCA HU3KUM ypoBHeM Ha Bxoge chip select (CS), n paboTaeT He
3aBUCMMO OT MacTepK/IoKa (Bca nornka Taktupyetca SCK curHanom). JaHnHble DATA 3agguratotca no
NoNoXuTenbHoOMy nepenagy curHana SCK.

SPI pperm cocTonT 13 8-6MTHOrO 3aro/I0BKA M OA4HOIO UAN HECKOIbKUX 24-BUTHBIX CNOB AAHHbIX,
CNefyowmx 3a 3aro/I0BKOM.

KaK 3arofioBOK, Tak U 6/10KM JaHHbIX BbIBOAATCA CTapwiMm 6uTOoM Bnepes,

®pelim c KOMaHAOM 334aHUA aTTEHIOALUN COLEPHKUT O4MH BNIOK AAHHDbIX.

®peitm ¢ KOMaHAOM 3aNnCcK KO3-TOB MOXKET cogepKaTb Ntoboe Uncno 24-x6UTHbIX 610KOB € KO3d-
Tamu. Mogacyet Koi-8a KO3h-ToB PpuIbTPa BbINOJHAETCA aBTOMATUYECKM. B 3aronoBKe yKasblBaeTCA TOJ/IbKO
T™MN dUnbTpa.

[na MMHUManbHO-$a3080ro GuUAbLTPa NULLETCA BECb PAL KO3H-TOB B MPAMOM NOPAAKE MMMY/IbCHOM

xap-Kku. Ana dasonunHeliHblnx dmnbTpoBs (npoctoit FIR nnam HalfBand) nuweTcs TonbKo NonoBMHa paaa,
HauyMHasA C LEHTPaIbHOTrO MaKCUMyMa.

Start

SPI Frame format End
Frame

Frame

+«—8-bit Header (MSB First) 24-bit Data (MSB First)
cs [

SCK

DATA

Start Load custom attenuator value  End
Frame Frame

8 bit head 24 bit Att Value

Start Load custom coefficients End
Frame Frame

8 bit head 24 bit Coef 1 24 bit Coef 2 24 bit Coef N

Header format

B7 B6 B5 B4 B3 B2 B1 B0

|W| CMD | TYPE | RESERVE |

W: Write bit (always set)

CMD: Control CMD
b00 - Attenuator control
b01 - Coef Load

TYPE: Filter Type (for CMD - b01 only)
b00 - Linear Phase FIR
b01 - HalfBand FIR
b10 — Minimum Phase FIR

[JaHHble, 3arpy*kaemble yepes SPI, coxpaHsatoTca Tonbko B O3Y FPGA. NMoatomy nocse copoca
nutaHuA O3Y BOCCTaHaBAMBAETCA B M3HAYa/IbHOE COCTOAAHUE.
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Pacuet ko3¢ duumneHtos punbtpos B MatLab u uHterpauma B npoekxT.

N3 KomnoHeHTOB MaTnaba AOCTAaTOYHO YCTAaHOBUTb CUMYANHK 1 DSP system toolbox.
[na pacyeTa, aHanu3a GUNLTPOB U reHepaunmn Koad-Tos yao06HO Mcnonb3osaTb ppelimsopk Filter Designer:

- o X
B P e e (0@ search Documentation )

4\ MATLAB R2018b

068 | & |3
(5:7]

GetMore Instal Package  SionalAnalyzer Fiter Buider§ Fiter Designer J Window Fixed-Point
Apps  App  App Designer Converter

FILE APPS =

€« EHE b D: b Projects b Matlab » Matlab2018b » v R

Current Folder @ [E) workspace ®
MName New to MATLAB? See resources for Getting Started. 1| Name Value

]

e z New MATLAB Graphics System x

. i i
= :E”"; - & MATLAB R2014b introduces 2 new MATLAB graphics system, with new default colors, fonts, and
@ H‘”.S e styles, and many new features, Some existing code may need to be revised to workin this version
cicw
of MATLAB.
[ Heic_compile.do jien

%) Heic_generatehdl.m
%l noise_shape.slx v |fx >

®

Details v

Select a file to view details

Ready

Mpumep 3a4aHNA NApPamMeTPOB A4J/1a pacyeTta Nosynoa0CHOro GuabTPa NEPBOro Kackasa
WHTepnosATopa:

4| Filter Designer - [untitled.fda *] — m] *
File Edit Analysis Targets View Window Help
= = 5 o =

DSk a8 DR NN 0 - Bk @R N

rCurrent Fiter Information — Filter Specificati

Mag. (dB})
Structure:  Direct-Form FIR | n
Order: 50 (1] A
55
Stable: Yes T e
Source: Designed
. L e
Store Filter .. 0 E Fsi2 f(Hz)
Filter Manager [

—Response Type —__ __FiterOrder—_________ __ Frequency Specificati — i Specific
g Halfband Lowpass =~ () specify order: |10 Units: |Hz e Units: |dB ~
Highpass et
= (®) Winimum order Fs: 882
mta|| O Bandpass Apass:  (0.000001
() Bandstop — Option Fpass: |20.1
= O | pifferentiator £ Density Factor: |256
’ {—Design Method
A& IR
Butterworth
fb;]‘j ® FR Equiripple ~
E Design Filter
Ready

Bbibupaem Tnn dpmabTpa: Hanpumep noaynonocHoit Halfband Lowpass ¢ ntumusaueit Equiripple.

T.K. Ana 0beunx ceTok yacTot (44,1 n 48Kry) cnonb3yroTca obLume GpUAbTPbI, TO pacyeT BbINOAHAETCA B CETKe
44,1KlMy. YacTtoTa cemnanpoBaHus Fs —3TO 4acToOTa Ha BbIXOAE MHTEPNONATOPA, NO3TOMY ee BblIOMpaem
BABOE Bbllwe BXoAHOMN, T.e. 88,2KIU. Mopaaok MMHUManbHO$a30B80ro GuabTPa MOXKHO BblOMpaTb
Npou3BoAbHO. 1A pa3onnHelHbIX GUAbTPOB B NpoekTe DF2 A0NYCTUM TO/IbKO YeTHbI NnopaaoK!
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Fpass — nosioca nponycKaHua.

Apass — HepOBHOMEPHOCTb B MNOJIOCE NMPONYCKaHMA (pasmax).

Density Factor — Kon-Bo TOUeK Ha YaCTOTHOM Xap-Ke Mo KOTOPbIM BeAeTcs pacyeT (Ha pacyeT ocobo He
BAMAET).

Mocne 3apaHUA NnapameTpos }Kmem KHonKy Design Filter:

4. Filter Designer - [D:\Projects\MatLab!\MatLab2018b\DF2\ST1_HB.fda 7] — m] *
File Edit Analysis Targets View Window Help
= 5 5 =
DedSk| &< il D R MEM:S 0 BELORIE W
rCurrent Fiter Information — Magnitude Resp (dB}.
E T T T — T T T T =
0 N
A\
Structure:  Direct-Form FIR a \
Order: 194 = 50 \ 1
: = =
Erirwr e 3 Halfband lowpass Equiripple | '|
Source:  Designed ‘é‘ I
5 -100 1
g |
=
-150
\ . , \
Store Fitter ... 1] 5 10 15 20
Filter Manager ... Frequency (kHz)
—Resp Type. — Filter Order. — Frequency Specificati = Specifications
g Halfoand Lowpass () Specify order: |10 Units: |kHz ~ Units: |dp ~
£ Highpass ~
Minimum order Fs: 882
() Bandpass ® Apass:  |0.000001
() Bandstop — Options Fpass: [20.01
O |pifferentiator ~| || Density Factor: [256

{—Design Method
IR |Butterworth

® FR  Equiripple ~

Flae e 8

el
@
0
=%
=

Monyyaem paccymTaHHbIA GUNbLTP. CneBa MOXKHO BUAETbL NOPAAOK dunbTpa (Order). MoxKHO NnocMoTpeTb
€ro Xap-Ku.
MpoBepuTb ocnabneHune Ha yactoTe HalikBUCTa:

sl
o
1
=%
=
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4\ Filter Designer - [D:\Projects\MatLab\MatLab20126\DF2\5T1_HB.fdz *] - m] x
File Edit Analysis Targets ¥iew Window Help
Dedal @< 20 0§ MHE2 0 BLOBIE W
rCurrent Fiter Information - R (dB)
T T T T T T T T T
4 F— ]
Structure: Direct-Form FR ) et
Order: 194 ‘EJ‘ -6 = == =
Stable:  Yes =t h
Source: Designed = ~
= . E
(=] ~
o] R |
=
A0f \._\_.. 2
, . . . , \ . , .
Store Fitter .. 219 2195 22 22056 221 2215 222 2225 223 2235
Filter Manager .. Frequency (kHz)
— Resp Type. — Filter Order. — Freguency Specifici — Specifi
= g Halfband Lowpass () specify order: |10 Units: | kHz Units: | g
t Highpass ~
= (®) Minimum order Fs: |82
h]wi| O Bandpass Apass: 0.000001
() Bandstop _ Options Fpass: [20.01
= O | pifferentiator ~ Density Factor: | 256
@ { Design Method
@ IR | Butterworth
@ ® FR | Equiripple ~




HepaBHOMEPHOCTb B NOMOCE MPOMYCKAHWA:

& Filter Designer - [D:\Projects\MatLab'\MatLab2018b\DF2\ST1_HE fda *]

File

Edit  Analysis  Targets

View Window Help

FHSE Qe 200 B MRS S 00 Bk @RIE W

4| Filter Designer - [D\Projects\MatLab\MatLab2018b\DF2\5T1_HE.fda *] - ]
File Edit Analysis Targets View Window Help
EESR A« oH| D& Rk &0 B @RIE W
rCurrent Fiter Information — Magnitude: R (d8)
3 2107 : : . :
—2r ]
Structure: Direct-Form FIR 4]
o
Order: 194 = | 1
Stable:  Ves g WA "'.fw-.m f f-f.n..u[ Iwiviny
Source:  Designed ,--ED"lIIII'u’I ln'lfj I'I'I|| . '|I|"‘|'\ |‘I}|‘II“|I\‘ 7
= vV \
gf 1
=
i ]
Store Fiter 1] 5 10 15 20
Fiter Manager .. Frequency (kHz)
— Response Type — Filter Order. — Frequency Specificati — Specific
® |Halfband Lowpass () Specify order: 10 Units: |kHz ~ Units: |dB
O Highpass ~
inil Fs. 832
O Bandpass Qe Apass: [0.000001
O Bandstop — Options Fpass: 20.01
= O | Differentiator ~ Density Factor: 258
@ | Design Method
b IR
Butterworth
@ @ FIR Equiripple “
IE Design Fitter
Ready
MocMoTpeTb NEePexoaHYH0 Xap-Ky:
- O

rCurrent Fitter Information

Direct-Form FIR
184

Yes

Designed

Structure:
Order:
Stable:
Source:

Store Fiter

Fiter Manager ...

— Step Resp

Amplitude

o Halﬂ:land\o ass Equirip

ple

Time (ms)

— Response Type

@ Halfeand Lowpass
O Highpass

O Bandpass

O Bandstop

O | piferentiator

{— Design Method

IR | Butterworth

@ FR Equiripple

— Filter Order
O Specify order: |10

@ Minimum order

— Options

Density Factor: 256

— Freguency Specifi

Magnitude Specifi

Units: | kHz

Fs: [88.2

Fpass: |20.01

Units: |gg

Apass:  (0.000001

Design Filter
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Koad-Tbl:

4 Filter Designer - [D:\Projects\MatLab'\MatLab20180\DF2\ST1_HE.fda *] — m] x
File Edit Analysis Targets View Window Help
sHSR a<widD MNMNES+0-BLGRE| W

rCurrent Fitter Information — Fitter Coefficients

0.0000001197€4€5523€41€237228020781€5978157
Q

Structure:  Direct-Form FIR
Order; 194

Stable: Yes

Source: Designed

-0.000000221082471€95598225286532€0939985427

0.000000€02742609725€163301€4€€9684468821

0.0000020€5029575330887€2207303€35478434¢€

Q
a
i}
a
-0.000001158138414730836527827078329122563
a
Q
Q
-0.000002422111504€€7424€55€70021€27074107
o

v
Store Fitter ...
Fiter Manager ...
—Response Type — __FiterOrder—————— __ Frequency Specifi — Magnitude Specificati

. ® | Halfband Lowpass v (O Specify order: |10 Units: | iHz £ Units: | gB ~
|| O Highpass ~

=5 (®) Minimum order Fs: [882

|| O Bandpass Apass: 0.000001
) Bandstop _optons——— | Fpass: 2001

O |pifferentiator | || DensityFactor: (256

@ (—Diesign Method

A IR wo

L“EE Butterworth
@ ® FR |Equiripple ~

Design Filter

Ready

Ho aaHHbI dunbTp paccumntaH B popmate double ¢ nnasatowen Toukom.
N5 ncnonb3oBaHUsA K03¢$-TOB HEOBXOAMMO BbINOJIHUTL PACHET C L,e/I0YNCIEHHON Pa3pALHOCTbIO KO3$-TOB.
MepexoAnm B MEHIO NAapameTPoB KBAHTOBAHMA M BblIbMpaem pexxkum Fixed-point:

4\ Filter Designer - [D:\Projects\MatLab\MatLab2018b\DF2\5T1_HB.fda *] — [m] *
Eile Edit Analysis Targets Miew Window Help

ZESR (@< 00 EHIU#+ 0 BLOREW

r Current Fitter Information - R (dB).
0 T T T = T T T 7
\
Structure: Direct-Form FIR s} \
E 501 | 1
Order: 194 'EJ' |
Stable: Yes 1 |
EARREC g Esuped{rinniact | 7= 100 - Halfband lowpass Equiripple: Quantized |
E’ g —-—-— Halfband lowpass Equiripple: Reference
=
i
-150 hﬂﬁ‘ r il
Store Fiter ... 0 5 10 15 20
Fiter Manager Frequency (KHZ)
Fiter arithmetic: | Filter precision: | Specify all w Coefficients || Input/Qutput || Filter Internals
Numerator word length: 25 Best-precision fraction lengths

D Use unsigned representation

) Numerator frac. length 24 I:| Scale the numerator coefficients to fully

utilize the entire dynamic range
Numerator range (+/-}: 9

&w.. ] CH LI
o 91 o ) 2

Apply

Quantizing Filter ... done.

[nsa Ko3¢-ToB N0NYNONOCHbIX GUABTPOB pa3pAAHOCTL 3agaem 25 6ut. Numerator range (+/-) npu

3TOM [0/1KeH nonyuntbea eanHuua. Ecam ybpats ranky Best-precision, To AManasoH HymepaTopa MOXKHO
3a4aTb BPYYHYIO.
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Mocne 3aganHua paspagHocTm rpadmk AYX dmnbTpa NprobpeTaeT HOBbIV BUA, COOTBETCTBYHOLLMIA
KBAHTOBaHHbIM KO3¢-Tam. HeKBAaHTOBaHHbIV rpadmK Npm 3TOM TOXKe OCTAeTCs, HO CTAHOBUTCA NMYHKTUPHbBIM.
MO3KHO BUAETb KaK yXyALWwatoTca Xap-Ku GUAbTPa Npu orpaHnUYeHmm paspagHoCcT Koad-Tos.

B ToM uncne B nonoce NponycKkaHus:

4| Filter Designer - [D:\Projects\MatLab'MatLab2018\DF2\ST1_HE.fda *] - O *
File Edit Analysis Targets View Window Help
D ESE | QA<« 000 MNHM2 0 BREORE W
rCurrent Fiter Information - itude Resp (dB}
x10°®
[ T T T T T T T T T ™
Structure: Direct-Form FIR o 05 1
=)
Order. 194 = | | N\ ANA
Stable:  Yes 2 0 x_/-\ﬂ_, (RN ,w\/;i\.f\,:&_/'\.f.‘j WYY 8
Source:  Designed (quantized) | | = \’J \/ v OV N ] W
= \/ \/ \
& 05F - 1
=
A 4
L L . . L L L . L A
Store Fitter 2 4 i} 8 10 12 14 16 18 20
Fitter Manager ... Frequency (kHz)
Fiter arithmetic: | Fixed-point ~| Filter precision: | spacify all ~| | Coefficients | Input/Output | Fitter Internals
&
25 | [ Best-preci i
= Numerator word length Best-precision fraction lengths |:| ETiTETE TR
(o8 s
o Numerator frac. length: 24 |:| Scale the numerater coefficients to fully
utilize the entire dynamic range
= Numerator range (+/-): 1
&
(B
[“-&nﬂ
E Apply
‘Quantizing Filter .__ done_

B oKHe K03¢-TOB NpW 3TOM NOSABAAETCA PAL KBAHTOBAHHbIX 3HAYEHUN. Tenepb HYKHO
npeobpa3oBaTb 3TM KBAHTOBAHHbIE KO3(-Tbl B LUECTHAALATUPUYHYIO GOPMY U COXPaHUTL B dalin.
[ns 3TOro nepexoAmnm K OKHy Koad-ToB:

4| Filter Designer - [D:\Projects\MatLab\MatLab2018b\DF24\ST1_HB fda *] -
File  Edit Targets
Dedsh a4« iE D NMHNMd2 20 BELORE W

— Fitter Coefficient:

Analysis View Window Help

rCurrent Fiter Information

Quantized Numerator:

0_0000001152¢ 55078125

a
Structure: Direct-Form FIR -0 876953125
Order. 194 9
Stahie:  Yes 0.00000055604644775390625
Source: Designed (quantized)

Store Filter ...

Filter Manager ...

Q
—0.00000113248825073242187%
Q

Q

000208€1€25€7138671876

1]
—-0.0000034570€939€57265625
Q

Fiter arithmetic: | Fixed-point

Numerator word length:

Numerator frac. length:

Humerator range (+/-):

F 2 e B = B 58

Quantizing Filter ___ done.

~| Filter precision: |specify all

Best-precision fraction lengths

Apply

~ Coefficients | Input’Output | Filter Internals.

D Use unsigned representation

D Scale the numerator coefficients to fully
utilize the entire dynamic range
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[Janee: Analysis -> Analysis Parameters -> Bbi6bupaem Hexadecimal

[4.] Analysis Parameters ... - =

Fiter Coefficients

Coefficient Display:

Save as Default Restore Original Defaults

oK Cancel Help Apply

Monyyaem psag, KO3d-TOB B XeKce:

% Filter Designer - [D:\Projects\MatLab\MatLab2018b\DF2\5T1_HB fda *] - O *

Fle Edit Analysis Targets Yiew Window Help

DEEER K« 0D NYIMH« 20 -BRHORNE| W

rCurrent Fiter Information — Fiter Coeffici
dooon
Q000000
Structure: Direct-Form FIR 1f£££fb
Order: 194 gggjjg-}
i 00000a
Stable: Yes onoooon
Source:  Designed (guantized) 1ffffed
Q000000
0000023
Q000000
1££f£ffce
0000000 ¥
Store Filter ...
Filter Manager ...
Fitter arithmetic: | Fixed-point ~ | Filter precision: | Specify all ~ Coefficients | Input'Output || Fitter Internals
B Numerator word length: 25 | [] Best precision fraction length
= umerator word length: est-precision fraction lengths W (s e e
HE
MNumerator frac. length: 24 |:| Scale the numerator coefficients to fully
utilize the entire dynamic range
Numerator range ( 1
hreien
L]
hnE

Apply

Quantizing Filter ... done.

Tenepb BbIBOAUM B dalin U coxpaHaem. [118 3TOro *KMemM KHOMKY NpeABapuTeIbHOTO NPOCMOTpPa NeYaTu:

[4] Filter Designer - [D:\Projects\MatlLab'MatLab2018b\DF2\ST1_HB fda *] — O X

Q@< igfEENUdA+0 B0

File Edit Analysis Targets View Window Help

DeH

e T

— Fitter Coeffici

rCurrent Fitter Information
Numerator:
Q000002
0000000
Structure: Direct-Form FIR 1fffffb
Order: 194 ggg;;gj
00000a
Stable: Yes. i,
Source: Designed (quantized) 1fFEfed
0000000
Qoo0023
0000000
1ffffce
0000000 bl
Store Fitter ...
Filter Manager ...

22



B rnaBHOM OKHe maTtnaba BbiBoguTcA dpain ¢ KoadduuneHTamm:

4\ MATLAB R2018b .

B0 & 5 @ @) scorch Documentation

ED] - ﬁ L] Find Files nsett | fx oy -
) | Compare ¥ GoTo = Comment . .
New Open Save LL“ ki 2 et Breakpoints
- - - E“”"‘ - ({Find = Indent |- | LF |5 - _
FILE | NAVIGATE | EDIT |BREAKFOINTS | -~
«pEa b D: » Projects ¥ Matlab » Matlab2018b » v R
Current Folder [C] pData\Local\ Temp\fdacoeffs.tct Workspace @
Name || | fdacoeffsoa 3 | + | Name = Value
DF2 | 1 cuantized Numerator: g
hdlsrc 2 0000002
% dspsdade.six 1 0000000
SHUC-V 4 1ffFEffb
|| Heic_compile.do 5 0000000
7] Hic_generatehdl.m - W
¥ noise_shape.she v R i
Details M 8 1ffffed
3 0000000
10 0000023
11 0000000 &
Command Window @
REld Al o etans New to MATLAB? See resources for Getting Started. x
& New MATLAE Graphics System £
MATLAB R2014b introduces a new MATLAE graphics system, with new default colors, fonts, and
styles, and many new features. Some existing code may need to be revised to work in this version
of MATLAB. < L4
Ready | plain text file |tn 1 Col 1

CoxpaHaem ero noA, Hy>KHbIM MMeHeM C paclimpeHmem txt.

daiin c KoadpdpuuMeHTamm roTos.

AHanornyHo genatoTca Kosad-Tbl 4NA APYTUX TUNOB GUABTPOB.

Pa3pagHoCTb KO3¢-ToB 25 6UT ¢ AnanasoHom +/- 1 BbIGMpaeTca TONbKO ANA NOAYNONOCHbIX PunbTPoB!
Ana GunbTpoB OCTaNbHbIX TUNOB Pa3pAAHOCTb BbibUpaeTca 24 6uTta c AMana3oHoMm HymepaTtopa +/- 0.5!

Mpumep BbibOpa 06bI4HOTO pasonuHeiHoro FIR:

4] Filter Designer - [D:4Projects\MatLab'\MatLab2018b\DF2\ST1_FIRS.fda] = O *
File Edit Analysis Targets View Window Help
D&k @« i O MBS &0 B ORE| W
rCurrent Fitter Information — Magnitude Resp (dB})
0 '"_"‘\\ Lowpass Equiripple: Quantized I
| — I R - e Lowpass Equiripple: Reference
Structure: Direct-Form FIR o
Order: 52 i 1
@
Stable:  Yes = b
Source: Designed (guantized) E ()
1
@ 100 i 1
= |
AN AANRARAAE
e
Store Fiter ... a 10 20 30 40 50 60 70 80
Filter Manager .. Frequency (kHz)
—RespongeType—_ Filter Order — Frequency Speci i — Magnitude Speci
= g Lowpass ~ () Specify order. |10 Units: |kHz ~ Units: | dB ~
Highpass ~
= (®) Winimum order Fs: |176.4
|| O Bandpass Apass: 0.00001
= __ Dpticne 19
O Bandstop P Fpass: e 130
e O |pifferentiator ~ Density Factor: 244 Fstop: |45
@ L Design Method
O R |Butterworth v
E:Eﬂ @ FR Equiripple ~
E Design Fitter
Loading session file ... done.

23



Mpumep BbibOpa MMHMManbHodasosoro FIR:

4| Filter Designer - [D:\Projects\MatLab\MatLab2018b\DF2\ST1x4_MPH.fda] . O X
File Edit Analysis Targets View Window Help
CeEdEl Qv i DA RMN# LT~ Bkl @RIF W

rCurrent Fitter Information — Magnitude Resp (dB)

a — T T T T T T T -

Structure:  Direct-Form FIR @ =20 .\\ 1

COrder: 18 e

@ 40[ N 1

Stable: Yes g bt

Sotce pplesired {ouantz= o8 (= et Lowpass Generalized REMEZ FIR: Quartized ]

% ————— Lowpass Generalized REMEZ FIR: Reference
= a0t | g
INENE N NN N
100 & . . A VA VI VA A
Store Fitter ... 0 20 40 60 80 100 120 140 160
Fitter Manager ... Frequency (kHz)

— Respi Type —FiterOrder—  Frequency Specification — Magnitude Specification
= g Lowpass ~ (O Specify order: |10 Units: |kHz v Units: | gB )
= Highpass v

— (@ |Minimum order ~ Fs: [352.8
() Bandpass Apass: |0.0005
() Bandstop _ Options Fpass: |10 astop: |85
O |pifferentiator ~ Density Factor: 258 Fstop:  38.2

| Design Method
@ - Phase: Minimum
e
OR |Butterworth ~

O i i~
ﬁ%?ﬂ ® FR |Generalized Equi... T
Loading session file ... done.

Ons pobaBneHns Ko3d-ToB B MPOEKT HEOOXOAMMO 3HaYeHMA U3 TeKCToBOro daina npeobpasosaTthb B
dopmat Bepunor-pyHkumm “ Sreadmemh” ¢ 12-6UTHbIMM COBaMMK.
Takoe npeobpaszoBaHMe aBTOMATUUYECKU BbIMOHAETCA C MOMOLLbIO YTUIMTbI CCONv.exe.

B manky c yTANTOM KONMPYEM TEKCTOBbIM dalin c KoapdpuumeHTammn U3 matiaba, u 3agaem atomy dainy
umsa coef.txt. YTunura nwet pann MUMeHHO C TaKUM MMEHEM.
3anyckaem yTUauTy, BUAMM NapameTpbl npeobpasoBaHus:

B D\Projects\cpplcconv_DF2\cconv.exe

Hmem nobyo KHOMKY M CMOTPUM pe3ynbTaT KOHBEPCUM.
YTunuta no paay Koadp-tos aBTOMATUYECKM PAcno3HAET TN GUIbTPA, BbIPE3aeT Hy/1eBble 3HAaYEeHMA B
Hayvasie 1 B KoHUe psaaa, opmupyeT nonmdasHbli pag ansa npumeHeHus B npoekte DF2 v BbinonHAET
BblpaBHMBaHMe 3HAaYEHUI B COOTBETCTBMM € NapameTpom Align B dpaine param.txt. laHHbI $paitn ¢
napameTpamm No yMmoa4aHUIO CO34aeTCA aBTOMaTUUYECKMU.

Kpome Toro, ytunuta nakyet 25 paspagHbie KOapPuLMeHTbl NoAYNoa0cHOro ¢punbtpa B 24-6UTHblE
3HaYeHUs (OenuT Ha 2 UeHTpanbHbIA Ko3dPUUUEHT).

24



8 BuiBpare D:\Projects\cpphcconv_DF2\cconv.exe — [m] X

=

=

o e o e

=

[1
[1
[1

Half Band
Half Band

polyph

Mo 3aBepLUeHUM KOHBEPTAL MM KO3d-TOB YTUIUTY MOXKHO 3aKpblBaTb. B nanke ¢ ytnantoit nossasetca Gpamnn
CO creHepupoBaHHbIMK Koad-Tamu coef.mem.

| AkelPad - [D:\Projects\cpp\cconv_DF2\coef.mem] - O >
_] Qaiin lNpaeka Bwug WzBpanHoe Hactpodfikn Okno  [Mnarweer  Cnpaeka - %
_] coef mem

alalu] e50 000 000 435 100 000 000 Tde Tab
alalu] 93 000 000 212 052 000 000 bbs fhs
ajale] fca 000 000 83b 02d 000 000 Tza fda
Qoo fe3 000 000 bec 018 000 000 c36 fea
000 7 ffo o000 000 270 0O0d OO0 000 ddo T4
000 ff8 000 000 913 006 000 000 8de ffa
alalu] ffc 000 000 fde 002 000 OO0 95d ffd
(alalu] ffe 000 000 352 001 000 000 Of4 TFF
000 fTf 000 000 6a7 000 000 000 bof fFF
Qoo fTf 000 000 1ds 000 000 000 ebd T
Qoo fff 000 000 05e Q0O 000 Q0O fce TFF
000 fff 000 000 0Da 000 000 000 ffh FFF

alalu] 000 000 000 000 000 000 000 000 000

14 Ins  Win 1251 (ANSI - kmpunanua)

BHyTpu daitna MoxKHO BUAETb pAf 24-XOUTHbIX KO3d-TOB, Pa3buTbix Ha 12-6UTHbIE 3HaYeHUS
MJIa4LIMM CI0BOM Bnepea. B KoHUe pag AONONHAETCA HYNeBbIMM 3HAYEHWA A0 33aaHHOIO BblPaBHUBAHUA
Align B daitne param.txt. CBepxy psfa 3aros0B0K, B KOTOPOM yKasaH TUM ¢punbTpa, nonmdasHaa AAnHa
(length), a TaK ke dakTMUecKoe KoN-Bo 12-6UTHbIX C/IOB (C y4eTOM BbipaBHUBaHUA) ana GopMUpoBaHMUA
CMeLLeHUI agpecaumm K koadp-Tam B npoekTe DF2 (Data Length).

Ona Koad-Toe punbTpos npoekta DF2 BbipaBHUBaAHME CTAPTOBOro agpeca AaHHbIX B NAMATU
AOJ/IKHO 6bITb KpaTHO 4! inA KoadPpuumMeHTOB aTTEHI0AaTOPa — KpaTHO 2!
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Mpwn noBTOPHOM 3anycke yTuanTbl paiin coef.mem He 3aTnpaeTca, HOBbIM pPAA AONUCLIBAETCA B
KoHel, paiina.

j AkelPad - [D:\Projects\cpplcconv_DF2\coef.mem] — O =
j ®ain [lpaska Bwa WsBpannoe Hactpofikn Oxno  [narwdaer  Cnpaeka -8 %
j coef mem *

A4 stage Half Band, Tength: 98 taps

A7 Dara Lenght: 208.

000 400 e41 516 000 000 lce e50 000 000 435 100 000 000 fde T4b
000 000 ead 088 000 000 108 T93 000 000 212 059 000 000 bbs fhs
000 000 a49 03e 000 000 bbl fca 000 000 83b 02d 000 00O f2a fds
000 000 8bl 021 000 000 Zed Tez 000 000 bec 018 000 000 C96 Tea
000 000 250 012 000 000 867 TT0 000 00O 270 00d OO0 00O ddo Ff4
000 000 628 009 000 000 zof T8 000 000 913 006 000 000 8de ffa
000 000 7dd 004 000 OO0 525 fTfc 000 000 Tde 002 000 00O 95d ffd
o000 000 ef0 001 000 000 771 TTe 000 000 352 001 000 000 OF4 TFT
000 000 b99 000 00O OO0 729 TTT 000 000 &aF 000 000 000 hof FFF
000 000 39e 000 000 000 de&s fff 000 000 1d8 000 000 000 ebB8 FFT
000 000 ode o000 000 OO0 fed TFf 000 00O 0OSe 000 OO0 00O foe FFT
oo0 000 023 000 000 000 fed fFf 000 00O OO0a 000 000 00O Tfb FTT
o000 000 002 000 000 000 000 000 000 000 000 000 000 000 000 000

A4 Srage Lineare FPhase, Tength: 27 taps

A4 Data Lenght: 64.

C49 5c6 e86 493 92c 1e3 dl4 T97 7as eee eez T85 79F 050 bof OFb
fdc 020 348 fcc 303 fcb 14b ffc 495 01b 209 013 3c5 ffd 966 T4
aan ffa 41a 002 97c 003 Tec 000 244 T 3ba T eas fff 2c3 00O
isd ooo ffs £ff fd7 fff oo0 000 000 OO0 OO0 OO0 OO0 000 000 000

A4 Stage Minimum Phase, Tength: 33 taps

A/ Data Lenght: 80.

770 009 60c 041 dild Oea eee 233 TT1 3d7 73T 4f7 d79 48e 934 263
682 T8a 89e dcs 7el el3 295 fca 743 138 207 13b e4l 02a 75a T43
9d4 T4b cds Tf4 855 06F ddl 058 663 Tf9 bdd Tcs c74 fdc 841 009
992 018 158 00a 4ac ffa 7ad T8 629 ffe erb 001 515 001 006 000
bfz ¥ff o000 00O OO0 OO0 000 000 000 000 000 000 000 000 000 000

T= MzmeHEH Ins  Win 1251 (ANSI - kupunnnua)

Ons pobasnenns ¢punbtpa B npoeKkt DF2 oTkpbiBaem ¢aiin DF2_COEF_TABLE.mem.
B KoHLLe BUAMM psg KO3h-TOB NOAYNOAOCHOTO duAbTpa. ITO PuabTp ANA perkmma Slow. IToT Xe
dunbTp NepesanucoiBaeTca Yepes SPI nHTepdeiic:

ﬁ AkelPad - [D:)\Projects\USB_TRANSPORTVQUARTUS\DF2\DF2_COEF_TABLE.me... — O X
j Tain [lpaeka Bwg MsGpannoe Hacrpodkw Okno  [Mnarwdier  Cnpaeka -5 =%
ﬁ DF2 COEF_TABLE mem ﬁ DF2_COEF_TABLE mem

A4 Data Lenght: 16. A

000 400 30C 480 000 000 cf4 f7Ff 000 OOO OOO OO0 000 000 000 OO0

A4 Stage Attenuate odb
o000 400
A/ stage Attenuate -idb
625 390
A srage Attenuare -z2db
0ES 32D

A4 custom accessable throw SPT
A/ Stage Attenuate Manual (-3db default)
531 2D4

S align to 16
o000 000 000 000 000 000 000 000

' Stage Half Band,
Data Lenght: 96.
000 400 &Td 513 000 000 526 eSa 000 000 bfe oef o000 000 las fez
000 o000 1fe O6e 000 000 7c0 fbl 000 00O 357 038 000 000 08a Tds
000 000 031 0lc 000 000 c2d fec 000 000 €19 0OC OO0 000 aza Tf7
000 000 3d7 005 000 000 das ffc 000 000 ccé OO0l Q00 000 082 T
000 000 7cO 000 000 000 c78 fff 000 000 16a 00O OO0 00O T88 TFF
ooo 000 O0lc 000 000 000 000 000 000 OO0 000 000 000 000 000 000 L

1271, 76 Ins Win 1231 (ANSI - knpunnuua)

- 5T1_HB5/5T_CUST

MOKHO BMECTO Hero BnMcaTb HOBbI CrTEHEPUPOBaHHbI GUABTP.
Bbiwe pacnonaratotca KoapdULMEHTbI A5 aTTEHI0ATOPOB, B TOM YMC/Ie KaCTOMHOTO. MX TaK e
MOXKHO MOMEHATb (Bpy4HYt0) Ha fitobble apyrue.
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Heboabwoe omcmynaeHue no 3a0aHU KACMOMHOU ammeHayuu:

AmmeHayus 8bINoAHAEMCA YMHOXEHUEM 8XOOHbIX OGHHbIX HO KO3ghguyueHm ammeHayuu.
EOuHu4HbIl KoaghgpuyueHm (a3 ammeHroayuu 006) paseH 0x400000 (4 194 304). Ana noayyeHus
KoaghgpuyueHma 3a0aHHOU ammeHlayuu Heobxo0uMo rnepecyumams eOUHUYHOe 3HaYeHue 8
coomsemcmsyroujee OpobHoe, a 3amem OOMHOX UMb e20 Ha 4194304.

Hanpumep, Heobxo00umo 8binoaHUMs ammeHoayutro -0,506.

Takoli ammeHoayuu coomeemcmayem MmHoxcumesns 0,944.

Pacyumaem Koagh-m: 4 194 304 x 0,944 = 3 959 423.

Mepesodum e xekc: 3C6 A7F, u 3a0aem 8bIpasHUBAHUEM MAAOWUM crio8om sneped: A7F 3C6. flomoso.

[anee Hy)XHO 3a4aTb napameTpbl HOBoro ¢puabTpa B pane DEFINES.v

Tun HoBoro ¢ounbTpa B AedaiiHe TYPE_ST_CUST:

ib: DEFINES.v E=H E=m~

;E ?g fllllllllllllllllllllllLlllllllllllllllllllLllLllLllLlllllllLllLlf FY
Shi g0

&:TB a1 FE R R R R R R S SRR SRS AR S R SRS SR E S E S S SR S TR
S X g2 JRAXKIRERARI AR NNk k FTR Typeg ***kkdhhhhuhorh ko hdhkhk kb dkodkdek g

23 P

54 “define TYPE_ST1 FIR “ST_TYPE LIN PHLSE
g5 “define TYPE_ST1 FIRS “ST_TYPE LIN PHLSE
86 “define TYPE ST1 MPH “ST_TYPE _MIN PHASE
87 “define TYPE ST1x2 MPH “ST_TYPE_MIN PHASE
CE] “define TYPE_ST1x4_MPH “ST_TYPE_MIN_PHASE
29 “define TYPE ST1 HE *ST_TYPE HALFBAND
a0 “define TYPE_ST1 HBS “5T_TYPE_HRLFBAND
a1 ‘define TYPE STZ HB ST _TYPE_HALFBAND
92 “define TYPE_ST3_HB *ST_TYPE_HALFBAND
93 “define TYPE_ST4_HB *ST_TYPE_HALFBAND
94 “define TYPE SIS _HE “ST_TYPE HALFBAND
a5 defir “ST_TYPE HALFBAND
96
g7 ;A1LAlLAlLAlLllA11AALAALAALAlLAlLllAllAALAALAALAALAALAAAAAAALAALAf
98 Frxxxxxxxxxxs PR Length, defines #aa: taps DOUm — I AXXNERXEXAXAXX S
499 ;AALAlLAlLAlLllAAlAALAALAALAlLAlLllAllAALAALAALAALAALAIAJIAJLAJLAf
1a0d “define LEN 5T1_FIR {156-1)
1001 “define TFEN ST1 FTRS 127-11% 2
£ >

OnvHy HoBoro ¢uabTpa B aAedariHe LEN_ST_CUST. [1nvHa 3agaetca Kak 3HavyeHue length u3 daina
*.mem MUHYC eaNHNLA:

[=J&]

“define TYPE ST5_HB *ST_TYPE_HALFBAND A
“define TYPE_ST CUST *5ST_TYPE_HALFBAND

P R S e

J¥xxxxxkxsxsx FIR Length, defines as: taps num — L1 F¥dakakadkvsnss
R

“define LEN ST1 FIR (156-1)
“define LEN_S5T1_FIRS (27-1)
“define LEN S5T1 MFH (173-1)
“define LEN_S5T1x2 MPH (33-1)
“define LEN S5T1lx4 MPH (18-1)
— 105 “define LEN STl HB (92-1)
106 “define LEN S5T1 HBS (42-1)
Pl 107 “define LEN ST2_HB {16-1)
| 285 2t 105 “define LEN_ST3_HB (3-1)
| = 109 “define LEN ST4 HB {6-1)
= 110 “define LEN_STS5_HB (4-1)
=i TTFE ] {
112 Hllll1111111111111111111111Alllllllllllllllllllll1lllllllllllllll;
36 7
114 Hllll1111111111111111111111Alllllllllllllllllllll1lllllllllllllll;
i JAAkRkRENKRRNRho% FIR 12bit Data Length **d ek dkkkdkhddkbbhhhhhdhss s
116 Jrkkkkk Nafined aa number nf worda in COEF RAM KW kkkdkkdrk bbb kh s f v
£ >
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Ons pedariHa DLEN_ST_CUST Hy»KHO 3a4aTb HOBYIO A/MHY psAaa B 12-6UTHbIX C/I0BaX, KaK 3HA4YeHue
Data Lenght u3 daiina *.mem:

5 DEFINES.v T |
112 lr"J.LALJLJLJ.LALALJLJ.LJLAAlJ.J.AlllllJ.J.AAAAAAJ.J.AlAllllllllllllllllllll; M
o TT3
M -‘!::3 114 lr"J.LALJLJLJ.LALALJLJ.LJLAAlJ.J.AlllllJ.J.AAAAAAJ.J.AlAllllllllllllllllllll__.‘
— 15 lr"J.LlLALllJ.LlLlLlL FIE 12bit Data Ll'::lgth J.1111111J.J.AAAAAAJ.J.AAAAALA__."
£ 1146 frexxx¥x Dafined as number of words in COEF BAM *¥ k¥ kkkkdkkxkkdk f
S 117 lr"J.LALJLJLJ.LALALJLJ.LJLAAlJ.J.AlllllJ.J.AAAAAAJ.J.AlAllllllllllllllllllll;
115 “define DLEN ST1 FIR 320
TG “define DLEN_S5T1_FIRS 64
120 “define DLEN 5T1_MPH 352
121 “define DLEN S5T1lx2 MPH 20
122 “define DLEN_5T1x4 MPH 43
123 “define DLEN S5T1 HB 208
124 “define DLEN_S5T1_HBS 98
125 “define DLEN S5T2 HB 32
126 “define DLEN_ST3_HB 18
| — 127 “define DLEN S5T4_HB 18
128 “define &

125 “define DLEN ST 96
S 130 l,“J.LALALAlJ.LALALALJ.LALAAAJ.J.Allll1J.J.AAAAAlJ.J.AAAAAAJ.J.AAAAAAJ.J.AAAAALA_.‘
131

132 L e e e ey

133 JRAKKXNKNNNUNUNAN Coefficients BOM mapping * ¥ ¥ axxka sk xxaxaxaxkn
134 R S R R A

Ha aTom npoueaypa 3ameHbl KO3GOULMEHTOB KaCTOMHOro GpuabTpa OKoHYeHa. Tenepb Npu Bbibope
pexxnma LL® «Slow» ana nepsoii CTyneHn MHTepnonsTopa byaeT 3a4elcTBOBaH HOBbIN GUALTP.

AHA/IOrMYHO MOXHO 3aMeHUTb U 1060 Apyroi pas Koad-ToB B NpoeKTe. HO HY»KHO yunTbIBaTb
NpPOu3BOANTENBHOCTE GUNLTPA, T.K. OH MOXKET He ycneTb 06cunTaTh GUALTP 3a4aHHOM ONHbI.

TaK»Ke HYXKHO y4UTbIBaTb, YTO BbIBOP TOrO MM MHOTO KacKkaga puabTpa BbINONHAETCA B 3aB-TH OT
BXOZAHOM YaCTOTbl CEMNANPOBaHMUA (anropuTm Boibopa peannsosaH B ¢parine DF_CONTROL.v).

OueHuMBaeTCcA NPON3BOAUTENBHOCTb UCXOAA U3 KON-BA YMHOMEHMUI 3a nepunog BxoaHol YA,

Hanpumep:

Yacmoma macmep-Knoka 1024Fs.

BxodHas yacmoma cemnauposaHus 2Fs (96kHz).
BbixoOHaa yacmoma cemnauposaHusa 16Fs (768kHz).

Monyyaem ogepcemnnunHe 16/2 = x8.

B makom pexcume pabomaem 3 cmyneHu uHmepnoasmopa: 2->4, 4->8, 8->16. [lepeas cmyneHb 8blnoaHAEM
00HOKPAMHO YMHOMX(EeHUSA 8Cex marnos, 8mopas CMyneHbs 8binosaHAem 08a npoxood, mpemea — yemelpe. Kaxcdoe
YMHOMceHue amo 08a MAaKmMa MAacmepKsoKa.

T.K. 8x00Hasa Y/ 2Fs, mo ece amu yMHOMEHUS HYHHO ycriems 8binoaHumes 3a 1024/2 = 512 makmos
macmepKaoka. Hynessie Koagh-mbl pu yMHOXEHUU He UCMO/b3YMmcs, M03mMomy 0714 Mosynon0CHbIX hunbmpos ux
HYHCHO 8bl4€CMb.

Lonycmum nepsas cmyneHs umeem 40 HeHynesbix manos, emopas — 12, mpemes — 5. [Nonyyaem Kon-80
maKkmos macmepkoka 045 nepsoli cmyneHu: (40x2)x1 = 80, 015 emopoli: (12x2)x2 = 48, a3 mpemeoeli: (5x2)x4 = 40.
Bcezo nonyyaem: 80+48+40 = 168 makmos Ha obcyem ¢uanbempa.

Momumo amoeo Hyx#cHo 0obasume maKkmel Ha YmeHuUe OaHHbIX 014 8618000, M.K. 0414 8cex bygepos FIFO
ucrions3yemcs obwuli 610K namamu. [ x8 o8epcemMnauH2a Hy#HO MpoYumams coom-Ho 8 omc4emos.

YmeHue Kaxdozo cemnaa 3aHumaem 1 makm. T.e. mpebyemcs donosnHUMesn6HO 8 MaKkmos.

U naroc 08a makma Hy#HO 0418 ammeHayuu U 3a2py3ku 8 FIFO cemnia 8X00HbIX OQHHbIX.

Mmoeo nonyyaem 168+8+2 = 178 makmos, Komopele sie2cKko NomMeuw,aromcs 8 3a0aHHoe oepaHu4yeHue 512
makmoes.
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Crpyktypa DF2

CTpyKTypa 5-KackagHoro (x32) nHtepnonatopa

—» DATAREAD —— > Output Data
L MAC pipeline Round
Input Data » value
Sum Acc
Mult Sum
FIFO RAM 'S
Coef RAM
DATA READ .
1-st Order Shape Dither
Quantize
Round Quantized
Ozzmzw Attenuate value Output
Overflow > _ Shaping
Input Data —»{ UPSAMPLE
Round
value
DATA READ ]
2-nd Order Shape Dither
Quantize
Round _ o Quantized
OY/Z:II:W Attenuate e " Output
Overflow > _ Shaping Sum_ _
2
Input Data » UPSAMPLE B
<<1—e

A
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DATA READ

3-rd Order Shape Dither

Quantize
Quantized
Output

Overflow value
value Attenuate

Overflow

Input Data ——>{ UPSAMPLE
X2 FIR nHTepnonaTop, MCNoib3yemMblit AN ancemMninHra x64
UPSAMPLE FIR
Input Data —
CIC nHTepnonAaTop, Ucnonb3yemMbl AaA ancemnimHra X128 u soiwe
- UPSAMPLE CIC3

value

Input Data —
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