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YacTb aeBATad

MCTOPMA O CTAPOM MPOEKTE, KOTOPbIN HY*KHO
bblJ1O BOCCTAHOBUTb



3aBA3Ka banKu

= ECTb CTapbl NPOEKT, HAMUCAHHbINA HEONbITHLIMU PA3PAOOTYMKAMU U NEPEKMNBLUNIA MHOTO PeAaKL NN
= Bugum nposanbl no setup, nposanusatotca nyt BHyTpu IP Core Altera DCFIFO (!)
= [lpoBan B nepeHoce mexKay aCUHXPOHHbIMU KNOKOBbIMU AoMmeHamum 25 MI'u n 60 MIy,

Slack From Node

_ _ data[15..0]
-3.69 Sdram_Control_4Port:u7|Sdram_Fl..._a4o1:auto_generated|rdptr_g[0] Sdram_Control_4Port:u7|Sd wrfull How wide should the FIFO be?
-3.683  Sdram_Control_4Port:u7|Sdram_FI.._a4o7:auto_generated|rdptr_g[0] Sdram_Control_4Port:u7|Sd wrreq
-3.683 Sdram_Control_4Port:u7|Sdram_Fl..._a4o1:auto_generated|rdptr_g[4] Sdram_Control_4Port:u7|Sd wrclk wrusedw[&.()]- Use a different output width and set
-3.680 Sdran’_Contro[_-—‘Pom:u?\S:irarr_FI.”_a-—‘o::auto_generated\rdptr_g[i] Sdram_Control_4Port:u7|Sd q[1 50] i deep should the FIFO be?
-3.676  Sdram_Control_4Port:u7|Sdram_FI.._a4o7:auto_generated|rdptr_g[9] Sdram_Control_4Port:u7|Sd rdreq
-3.675  Sdram_Control_4Portu7|Sdram_Fl.._a4o1:auto_generated|rdptr_g[5] Sdram_C ontrol_iPon:uﬂSCE rdclk rdempty Note: You could enter arbitrary values for width

o ISd rdusedw(3..0] Do you want a common dock for reading and writing the FIFO?
= DCFIFO, choBo 16 6UT, BCe HAaCTPOMUKM i
e acrr O Yes, synchronize both reading and writing to 'dock'.
yCTa HOBJ/1eHbl KO p pe KTHO pln 9 pa 60Tb| Create one set of full/lempty control signals.
No{ synchronize reading and writing to rddk” and wrclk, respectively]
C acu prOH HbIMU KNOKaMU ® Create a set of full/fempty control signals for each dock.

Are the FIFO docks synchronized?

No, thd docks are not synchronized,|add latency to handle

® unrelated docks. (Note: The last three words of the FIFO may not
be available for writing because of the synchronization pipelines
between the two dock domains.)

Yes, the docks are synchronized, do not add dock
() synchronization latency. (Note: Clocks must be synchronized
and must be integer multiples of each other.)




HemHoro o CDC — 6a308Bble Bewu

METOOO10I'MNA

Onpepensem cBOM cny4val (pasHas 4acToTa,
MO/IHOCTbO aCUHXPOHHbIE OMEHbI U T.A4,.)
Peannsyem HyXHY CXeMy CUHXPOHU3aLNK
[MponuncbiBaem KOHCTPEMNTDI

[poBepAeM  NpaBWUAbHOCTb  AEWUCTBUM B
pasgene Report Clock Interaction / CDC Viewer
[poBepsAeM  KOPPEKTHOCTb  paboTbl  Ha

peanbHON naaTte

Synchronous None

Mesochronous dc 0 Phase compensation

Adaptive phase

Multi-synchronous drifts 0 :
compensation

Adaptive phase

Plesiochronous Varies fg<e

compensation
Periodic f>e Predictive
Asynchronous Two-Flop
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g BIN2GRAY I 2-FF [
—write_ptry  Encoder T~ synchronizer ]
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1
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Control | : Control
[
| |
2-FF . BIN2GRAY |
B s i [=read_ptr—
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|
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Source clock domain

Destination clock domain

AcnHxpoHHbIn CDC Ha ocHoBe FIFO



https://anysilicon.com/clock-domain-crossing-cdc/
https://webee.technion.ac.il/~ran/papers/MTBFCoherentCDC-beer-ASYNC-2013.pdf

Buabl CDC clock groups

Physically Exclusive Clock Groups
—1ID Q

Physically exclusive clocks are clocks that are defined on the same source point and
D Q propagate on the same clock tree. Figure 2-29 shows an example where two primary clocks
are defined on the same input port.

S CK

D Ql—

>CK phyclkt I LT clock2_IBUF _inst bufg2 FD4
USBCLK O > > =
. IBUF BUFG L bLec I
phycikz _I LT 5| <=

>CK ¢ oL 1o °r
USBCLKx2 +r ah

FDRE

FDRE

Logically Exclusive Clock Groups with no Interaction
FAST SLOW
- Logically exclusive clocks are clocks that are defined on different source points but share
part of their clock tree due to a multiplexer or other combinational logic. The Timing
. . Constraints wizard identifies such clocks and recommends a clock groups constraint
Fi gure 2-22 Muﬂtually-e.\'CIUSl ve clocks. directly on them when they do not have timing paths between each other except for the
logic connected to their shared clock tree. Figure 2-31 shows an example of two clocks,
clka and c1kB, which are defined on different input ports and start overlapping on the
output of a BUFGMUX.

S ﬁ;'}UF : CEEUFGMUX - :DZ
ACUHXPOHHbIE KNOKOBbIE rpynnbl g mes || P =y
(Asynchronous Clock Domain Crossings) ° " 1= o T
ckB [ gﬂgw f: | RFDRE

https://www.xilinx.com/support/documentation/sw_manuals/xilinx2018_1/ug903-vivado-using-constraints.pdf



OcobeHHocTn y Xilinx / Altera

<+ BmecTo set_false_path : set._max_delay —datapath_only

(B aTom cnyuae set_false_path ybupaem, T.K. oH umeeT 6onbINIM NpUOPUTET U aHHYAMpPYeT set_max_delay!)

< [pyrve BapuaHTbl —set_clock_groups, set_max_skew, set_data_delay (Altera)

< ATpnbyT ASYNC_REG (XILINX) — assignment Synchronizer_|dentification (Altera)

<+ Hannume nuctpymeHtoB — Report Clock Interaction n Report CDC 8 Xilinx

»  CDC Viewer y Altera Tonbko B Pro Bepcumn

<+ Y Xilinx HeT pacuéTa settling time, MTBF Kpome Ultrascale

; https://www.youtube.com/watch?v=BNiXxmQICCs


https://support.xilinx.com/s/article/794116?language=en_US

PaccneanoBaHue

Altera no3abotunacb™ o Tom, 4tobbl Timing Analyzer He pyrasnca Ha acMHxpoHHocTb DCFIFO:

]
ABTOMATUYECKU YCTaHaB/INMBAKOTCA set_fa Ise_path ( X MOXHO YBUAETDL B BblAad4ye Re port S DC)
SDC Command Flags From Flags From Through To Flags To Location
1 set false_path -from [get_keepers {*rdptr_g*}] -to [get_keepers {*ws_dgrp|dffpipe_se9:dffpipe8|dffe9a*}] HDL-embedded SDC_STATEMENT
2 set false_path -from [get_keepers {*delayed_wrptr_g*}] -to [get_keepers {*rs_dgwp|dffpipe_re9:dffpipe5|dffe6a*}] HDL-embedded SDC_STATEMENT
Total Incr RF Type Fanout Location
™ I-IyTM He neperpy)_l_(eHbl —_ Clock n data path 500060.000 500060.000 launch edge time
500063.215 205 clock path
8,236 HC, Npyemnemo NA HalKux YactoT s00068236  |5.021 rvm—
Launch
8 o) e ——— (oSBT g 1co 3BT Seone
= B cxeme TakKe HET KpUMMHanNa il Feeem, ) pEE

a_graycounter_577:rdptr_glp g .

s \
ns)

cntr_cout[51-1

(IC:1.224s, Cell:0.369ns)
—|DATAA

DATAB  COMBOUT]

—Ds
—|DATAD
LOGIC_CELL_COMI

LOGIC_CELL_COM

*DCFIFO Timing Constraints // FPGA Wiki, Intel community. 8


https://community.intel.com/t5/FPGA-Wiki/DCFIFO-Timing-Constraints/ta-p/735793

Cxema TaKTUpOBaHUA

. CMOTpMM Ha MCTOYHWMNKU TAaKTOBbIX CUTHa/10B 3alyCKaloWeEro n 3allleNKNBarowero Tpurrepos

J
DRIANIANA f\ﬁﬁ LAV vnnva- nniau r~ Pl DTNANNIA - NiAldAQ
Sdram_Control_4Port:u7

Sdram_FIFO:read_fifo1

m (AMATNIARNM UA MATAUUIIAVIA riaruana ua CL KCTRI

dcfifo:dcfifo_component
E dcfifo_a4o1:auto_ge
Data Arrival Path
Total Incr RF Type Fanout Location PROM PLL:u8
1 500060.000 500060.000 launch edge time Data Required Path
o |
£ it il riiioil Total Incr RF Type Fanout Location
1 500060.000 0.000 source latency
1 500060.001 500060.001 latch edge time
2 500060.000  0.000 1 PIN_R8 CLOCK_50
. Y vV 500064.831 4830 clock path
3 500060.000  0.000 RR IC 1 IOIBUF_X27_YO_N22 CLOCK_50~input]i —
4 500060.479  0.479 RR CELL 3 IOIBUF_X27_YO_N22 CLOCK_50~input|o L 500060.001 0.000 source latency
5 500062.357  1.878 RR IC 1 PLL 4 ud|altpll_component|Z= | 2 500060.001 0.000 1 PIN_T10 GPIO_1[8]
6 500056.821  -5.536 RR  COMP 3 PLL_4 u8altpll_component|z_ |3 500060.001  0.000 RR IC 1 IOIBUF_X34 YO _N15 GPIO_1[8]~input]i
7 500056.821 0.000 RR CELL 1 PLL 4 us|altpll_component|z |4 500060.480 0.479 RR CELL 3 IOIBUF_X34_YO_N15 GPIO_1[8]~input|o
8 500058.699 1.878 FF IC 1 CLKCTRL_G19 u8|altpll_component|a. 5 500061.934 1.454 RR IC 1 LCCOMB_X27_Y15_N2 comb~1|datad
< 500058.699 | 0.000 FF__|CELL 860 CLKCTRL G19 uslaltpll_component]z} | g 500062.059  0.125 RR  CELL 1 LCCOMB_X27 Y15 N2  comb~1|combout
i _X27_Y15_|
10 500060.096  1.397 FE IC 1 LCCOMB_X27_Y15_N2 b~1|dat 1
Cal LS comb-~1|dataa 1 (7 500063.381  1.322 RR IC 1 CLKCTRL G7 comb~1clketrfinclt
1 500060.452  0.356 FR  CELL 1 LCCOMB X27 Y15 N2  comb~1|combout %
8 500063.381 0.000 RR CELL 45 CLKCTRL_G7 comb~1clkctrljoutc
12 500061.829  1.377 RR IC 1 CLKCTRL_G7 comb~1clketrl]inclk[0]_
=|9 500064.350 0.969 RR IC 1 FF_X37 Y19 N7 u7|read_fifo1|dcfifc
13 500061.829  0.000 RR CELL 45 CLKCTRL_G7 comb~1clkctrl]outclk = == -
14 500062.839  1.010 RR IC 1 FF_X37_Y18_N11 u7|read_fifo1|dcfifo_c™ | 10 SllLisbiEll Sk L HEe L e Sdram_Control 4P
15 500063.358  0.519 RR  CELL 1 FF_X37_Y18_N11 Sdram_Control_4Port:



[Toyemy 1 KaKk He CTOUT MYNbTUMNJIEKCUPOBATb KNOKM

Boobue, He cTonT (N0 BO3MOXHOCTM) MY/IbTUMNIEKCUPOBATb TaKTOBbIE CUTHA/bI: 3TO AobaBnaeT
JINLLIHUIA YPOBEHb C/I0XKHOCTU A1A Pa3paboTuMKOB M ABUXKKA cpeabl pa3paboTku (B KoHTeKcTe CDC)

Ecnu BCE »Ke HAao - HE CTOUT MYIbTUNNEKCNPOBATb TAKTOBbIE CUTHA/IbI O6bl‘—|HOV1, He
CI'IELI,VIaJ'IM3MpOBaHHOl7'I JNIOTMKON: 3TO BECbMA TAXKENO KOPPEKTHO PEA/IN30BATb, d Pe3y/IbTNPYIOLWaA
cXemad 6V,£I,€T 3HA4YUTE/IbHO C/1I0OKHEE




MynbTnaeKkcnpoBaHMe K/1I0KOB

Kak AencTBOBaTb, €C/IM BCE-TaKU HYXKHO NepeK/toYaTh KJIOKN?

= *OO6bsABUTb, YTO K/IOKM B3aUMOMUCKAIOUHAOLLLME y
# Create the two clocks on the port clxmux out
create_clock -name clk_100 -period 10 [get_ports clkA] clkA
create_clock -name clk_125 -period 8 [get_ports clkB] -add cIkB
# Set the two clocks as exclusive clocks
set_clock_groups -exclusive -group {clk 100} -group {clk_125}
sel
BUFGMUX _inst 0_1
= Bknwyatb B cXemy azieMeHTbl KOHTPO/1A KZ1IOKOB, T P Site: X10Y7
FO=21 IGNOREOD
Bbl3blIBAA UX MPWN NMOMOLUN IP Core B ABHOM BUAE o IONORE © = ?g;GMCUE’;-‘“St-OJ-Z-?'
Sk snabie — clock_gen_inst FO=1 | |9 ’°=2-_0 CE1
D Fo=& so0 FO=2] IGNORED
PLL R clk 0 FO=6 | ¢4 FO=6 | \~NnORE1 O LFO=!
e ch.nl e BUFGCTRL oo
ESTNE R oot ey 0o e ‘o cckcs D o . = clk3 oD JFGMUX_inst_2.3 ot 0 Site: X10Y6
ke [Ratlo[Ph (d9)]OC C —:z:;: s e clk_gen ro=2-0 EEII) s
o) 0.00 | %0.00 SRR ro=e: ICNORED BUFGCTRL
FO=6 | \cnoRE1 O [FO=!
py-diyhae Fo=11| 4
FO=1 11
e Fo=81 so Site: X10Y5
o 52 — FO=€ {51
S BUFGCTRL
Mpumep ALTCLKCTRL Altera Mpumep BUFGCTRL Xilinx

*Timing Analyzer Clock Multiplexer Examples



https://www.intel.com/content/www/us/en/support/programmable/support-resources/design-examples/quartus/exm-tq-clock-mux.html

YacTb aecarad

YYET APXUTEKTYPbl TAKTOBbIX CUTHANNIOB




ApPXUTEKTYPaA TaKTOBbIX CUTHA/1I0B — 6a30Bble cBeAeHUS

Clock Tree
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KnaccuyecKknii BUa, KN1OKOBOTO

apesa B [1JIUC

[Mpobnema Ha nepBbIN B3rNAA —
clock skew.

|deal final result — gocTn»kenne
K/IOKOM BCEX TPUITepoB
OAHOBPEMEHHO

https://www.allaboutcircuits.com/technical-articles/clock-management-clock-resources-of-fpgas/ 13


https://www.youtube.com/watch?v=htwlb-DuEK8

ApPXUTEKTYPA TAaKTOBbIX CUTHA/I0B — MeHee 0a30Bble cBeaeHUA
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rnobanbHble nnHUK (Altera GCLK) PervoHanbHble nMHum (Altera RCLK) MNepudepuitHbie nvHum (Altera PCLK)

https://www.allaboutcircuits.com/technical-articles/clock-management-clock-resources-of-fpgas/




ApPXUTEKTYpPA TaKTOBbIX CUTHA/I0B — NpobaemaTmnKa

—— sub-optimal CLB Packing ——

[ [m] HD
ON ON ON [x]’x]

ClOCK Skew I

o e | ey
< |WEO HO| ||| == HO
c |HE|/TOomE| |00 m] |
- 2 X !
2 E‘ 1 1 |
g |mR|[z| (WO = HO
g OM|| o =] ON
'g = . /1‘ ! l
* [mo] [moll/==m] [=Eo
ON N=IRE ON

* Routing delay dominates

overall delay

* Clock skew consumes
more timing margin

» Sub-optimal CLB packing
reduces performance and
utilization

Logic Outgrowing Routing Tracks

Small Device N
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Medium Device

Large Device

Logic:
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/" Analytical
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Interconnect Tracks
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WP434_02_102815

Figure 2: Adding Routing in the UltraScale Architecture

https://docs.xilinx.com/v/u/en-US/wp434-ultrascale-smarter-systems



https://www.youtube.com/watch?v=lTp9cCEPwAI

ApPXUTEKTYpa TaKTOBbIX cnrHanos B Ultrascale

Previous Clocking Architecture UltraScale Clocking Architecture

Central Clock Spine

https://www.youtube.com/watch?v=J-Fm7dBgGPU 16



ApPXUTEKTYpa TaKTOBbIX cnrHanos B Ultrascale

Previous Clocking Architecture UltraScale Clocking Architecture

> 192 - 720 distributed global buffers
» Root can be in any clock region

> Balanced skew per clock network

_1 H#H_E_H_#H_H»H_‘ Clock Dpmain 1
-y HHH A
4 | | :
T ook Db d |~
| i ’ i I |

Clock Domain 2

Cloc Dpmgin 3 [

Global Clock Network Leaf Cell Clocks
H
Distribution Routing
Clocking I/O Logic GT Clock Root Clocks Clocks

https://www.youtube.com/watch?v=J-Fm7dBgGPU



ApPXUTEKTYpa TaKTOBbIX cnrHanos B Ultrascale

clk_adc_brd_sig Target language: VHDL

Bce K/I0KOBble perMoHbl 0gMHaKosoro pasmepa — 60 CLBs — ol

B BbICOTY M MPU 3TOM TAaKOM e reOMeTPUYECKOMN WNPUHDI
- The height of a CR is 60 CLBs, 24 DSP slices, and 12

block RAMs with a (HCS) at its
center.

*k Region

— ‘::-:1”3
KnoKosble pernoHbl Ha Device view

https://docs.xilinx.com/r/en-US/ug572-ultrascale-clocking/Clocking-Overview 18



Acnonb3oBaHMe meTpuKKM - metrics

Layout View Help IMPLEMENTED DESIGN - xcku040-fiva1156-2-i

| 22 Project Summary Sources  Metrics x  Netlist
| Sources v | a
Q = & #&
{ 4F IPCatalog
) v Primitive Metrics (1
Properties &4 Min Slack per placed BEL Tcl Console Messages Log Reports Design Runs Power Metric Results
lecti
Selection + CLB Metrics (5 e B
Highlight ¥ LUT Utilization per CLB Name  Row Column 1OBanks LUT Util (%)
Mark 3 FF Utilization per CLB W X1v4 4 1 9.242
Netlist ¥4 Vertical routing congestion per CLB £ A3K4 i : S 452
~ ¥4 Horizontal routing congestion per CLB H s : ! 1275
Device Constraints g 9 P m X2Y4 4 2 68 0.602
4 Interconnect Congestion Level
Physical Constraints . - Il X2v3 3 2 67 0.046
v Clock Region Metrics (2 m X0Y3 3 0 47 0.017
Timing Conslraints 5 LUT Utilization per Clock Region m X1Y2 2 1 0.017
Package Pins iz ati i : .
4 FF Utilization per Clock Region Clock Regions (20)
| I/O Ports v Pblock Metrics (2
Clock Regions 3 LUT Utilization per Pblock
Metrics E3 FF Utilization per Pblock
[Mpumep aHaNM3a 3arpyKeHHOCTH
BkAtoyeHne meTpuKu B BUBAA0 OKHO MeTpUKHn

J1YToB no perMoHam

19



ApPXUTEKTYpa TaKTOBbIX curHanos B Ultrascale - Routing

UI’(raSCALE
— [ —

Distnbuton Clocks  Leaf Cell Clocks  Routing Clocks Clocking 1o Logic GT /

ented Clock
Q‘“ Re €9/,
o 2

i

Segmented Regions and Clock Routes : y Ny

CyTb — 3a/10KeH NnoTeHuMnan
ANA cCermeHTaumm
KaXKaoro KiokKa, kak B ACUKe!!

https://www.youtube.com/watch?v=J-Fm7dBgGPU



ApPXUTEKTYpa TaKTOBbIX cnrHanos B Ultrascale

I

[ne pacnonaratotcs bypepbl Ha Device view 3ym — baTapes bydpepos




NHcTpymeHTapum aHanusa — Clock Utilization Report

=flectometry/COTDR/FPGA_ADC_DAC_etc/Full_scheme/fpga-cotdr/cotdr.xpr] - Vivado 2020.2_AR75943 -

Reports  Window Layout View Help Implementation Complete,
Report IP Status & X ¥ Default|
= Compare Block Designs... u040-fiva1156-2-i
10 ' i 1 4 S < Device
Timin ’ R RS :
_ [ - @ e ¥ = o @R & o
Report Methodology..
N ¥ LUT Utilization per Clock Region
Report DRC...
paBEL A Layers | | Gener
Report Design Analysis.. y .
Report QoR Suggestions.. cLB Qlxz 2
Report Utilization... LB v M) Design
Report Clock Utilization... Igestion per CLB > V) Cells
& Report Power... tongestion per CLB > (W) Nets
il v
Report Power Optimization... 00" LVl > ) Ports
> [¥) Pblocks
Report High Fanout Nets...
> |¥) Bundle Nets
Open Interactive Report. DBa. v ¢ Device
m XoYo 0 0 44 My > ¥ Tiles
i xov1 | 1 0]45 > @) Switchboxes
m xovy2 2 0 46 > @) Sites
w xov3 3 0 47 > ¥ BELs
v
> |¥] /0 Banks
Net Properties > |¥ Clock Regions
1 > ) Wires
clk_out1 < o3 > @ Pips
-~ > |¢) Connectivity Boxe
Name: i_clk_mng/i_clk_mng_pll_adcfinst/clk_out
Type: GLOBAL_CLOCK (global clock)
Y
< >
General Properties Connectivity er Ali < )v
n
Clock Utilization
Q x £ C « O ®, @ GlobalClock Resources
>
General ~ Global Source Driver . . Clock ClockDelay LoadClock Clock Non-Clock  Clock .
Clock Primitive Utilization Id Id Typepin  Constraint  Site Region R Group Region Loads Loads periog  C1o°k LD
Global Clock Resources m go src BUFGCE/O  None BUFGCE_X0Y29 X0Y1 X2Y3 4 1846 0 10.000 clk_out1_pli_gen i_clk_mng/i_clk_mng_pll_genfinst/clkout1_bufiO
Global Clock Source Details m g1 srcl BUFGCE/O  None BUFGCE_X1Y80 X2Y3 X1Y3 2 859 0 25000 clk_outi_pll_adc i_clk_mng/i_clk_mng_pll_adc/insticlkout1_bufiO
v Clock Regions m g2 src2 BUFGCE/O  None BUFGCE_X1Y72 X2Y3 X2Y3 2 411 2 8.333 hsadc_glblclk i_adc_bpd_mng/i_ad d204/inst/i_shared_cl
Clock Primitives g3  src3 BUFGCE/O  None BUFGCE_X1Y84 X2Y3 X1Y3 2 217 0 8.333 clk_out2_pll_adc i_clk_mngii_clk_mng_pll_adc/inst/clkout2_buflO
Load Primitives <
Routing Resource Utilization Clock Loads column represents the clock pin loads (pin count)
« Global Clacks. + Non-Clock Loads column represents the non-clock pin loads (pin count)
clock utilization 1

https://docs.xilinx.com/r/en-US/ug949-vivado-design-methodology/UltraScale-Device-Clocking




Mpumep ueHTpanusaumm Loads (nornkun) sokpyr Clock Root

Device ?2 OO0

— KaHOHWYHbIN Npumep
Routed Device View of
a Routed Clock Network

https://docs.xilinx.com/r/en-US/ug949-vivado-design-methodology/UltraScale-Device-Clocking



Mpumep ueHTpanusaumm Loads (nornkun) sokpyr Clock Root

Device
- @ v O |H| B o:

3 LUT Utilization per Clock Region

Layers | Colors | Gene

O
M4

-
v

v W Design
V| Cells
W) Nets
> ¥ Ports
v| Pblocks
v| Bundle Nets
v || Device
Tiles
Switchboxes
Sites
BELs

> : II0 Banks — anMEp n3

Clock Regions

Hallero npoekKkTa

Pips

- o

Connectivity Boxe
out_reg[5]

Cell Pins

Clock Utilization

4« O ©‘ © Device Cell Placement
4

Global Driver , Driver Region Clock Period Waveform (ns) Slice 10 Clocking GT Net

Id Type/Pin (D) (ns) Loads Loads Loads Loads

M go BUFGCE/O XO0Y1 / clk_out1_pli_gen 10.000 {0.000 5.000} 1844 , 0 0 2 i_clk_mnafi_clk_mng_pll_gen/inst/clk_out]

M g1 BUFGCE/O / clk_out1_pll_adc 25.000 {0.000 12.500} 859 0 0 0 i_clk_mng/i_clk_mng_pll_adc/inst/clk_out1

Nl g2 BUFGCE/O hsadc_glblclk 8.333 {0.000 4.167} 402 0 1 2 i_adc_bpd_mng/i_adc_bpd_mng_jesd204/inst/i_shared_clocks/rx_core_clk_out

Slice Loads column represents load cell count of all cell types other than |0, GT and clock resources

10 Loads column represents load cell count of IO types

Clocking Loads column represents load cell count that are clock resources (global clock buffer, MMCM, PLL, etc)
GT | nads eolumn renresents lnad cell count of GT fvnes




High fanout signals

= B npeablaywmx apxuteKtypax pasmelteHune high fanout signals Ha rnobanbHbIx pecypcax nHoraa 6bi10
npeanoyTuTesibHee 1 gaBano nydwue pesynbratol. Ans UltraScale devices, nydwe storo He genatb.




Report high fanout signals

[ools Reports  Window Layout View Help Implementation Compl
E Report |P Status | & X X Defz
E Compare Block Designs... u040-fiva1156-2-i
2sign
10 ’ Device
Timing » na i~ .
_ B - Q@ a % xE o @ep gl
Report Methodology... ~
Report DRC... cc[0_i_1_n_0
Design Report Design Analysis... Lcc_reg_n_0_[0]
ard Report QoR Suggestions... Lcc_reg_n_0_[1]
straints Report Utilization...
1 (rese
Report Clock Utilization... - —
c_2(rese .
ummany & ReportPower... 4 B
Report Power Optimization...
stworks
Report High Fanout Nets...
eraction
Open Interactive Report...
logy | =ConsTT=
clk_in
rst_in
rst_out v
n
Net Properties
rst_out ] o
Name Cell Pins Flat
i_clk_mng/i_clk_mng_rst_sync_4/rst_out 1 G
| i_clk_mnag/rst_sync 1
. rst svnc 2 b
Design »
ard ral Properties Connectivity Power Aliases
straints
High Fanout Nets
ummary
Q T £ C 4« O Table1
stworks 4
General Information Net Name Fanout DriverType X0Y0 X0Y1 X0Y2 X0Y3 X0Y4 X1Y0 X1Y1 X1Y2 X1Y3 [ X1Y4 | X2Y0 X2Y1
eraction v Clock Regionwise Fanout Summary i_clk_mna/i_clk_mng_rst_sync_4frst_out 857 DPE 0 0 0 0 0 0 0 0 259 93 0 0
logy Table1 i_clk_mng/i_clk_mng_rst_ctrl/rst 603 FDPE 0 0 0 0 0 0 0 0 0 593 0 0
Table2 i_adc_bpd_mng/i_adc_bpd_mng_jesd204/inst/i_shared_clocks/rx_core_clk_out 413 BUFGCE 0 0 0 0 0 0 0 0 0 0 0 0
i pwr mnali clk mna rst sync 2/rst out 254 FDPE 0 0 0 0 0 0 0 0 0 217 0 0




NTepaTnBHbLIM NOAXOA K ONTUMM3ALLUK NPOEKTA

TalMuHr pukc_npoekT 218_koca 160 Ml ui

MNpobnematuka Cnncok uaMeHeHui Pe3ynbtatsl Mpunoxenuna
MpoeKkT no ymonyaHuio YcTaHosun rnob. HacTpoiiky . Family Cyclone v e
He nes B [JIUC 5CEFA9F2317 - Optimization technique - SPEED e BUEA d st ot ) 1;‘
113 % DSP v 101% ALM. Mepesén CIC HacTpoiiky pipeline - 4; e cimny oo mesed |
Mocne HacTpoiikn Decimator u Integrator - M10K e 2177%
Optimization technique - AREA o 208224 (92%)
MpoekT BNE3, HO NKOTO HE MPOXOAUN Otopsan reset_3 ot FILTER_CASCADE Total virtual pin ) Y constasao 0]
no epemsHke - slack B paiioHe 10 HC B Total block memory bits 4,986,172/ 12,492,800 (40 %) e o]
6noke CIC Filter. 3To n3Ha4YanbHble AaHHbIE. oanes Racke Se0/EA2(0 )

¢ Utepauus 1 PesynbTaT no pecypcam

Compision e ENGHEER_SPIT o

-

Clock Sack  Endpont TS

o T R e .-l
T

N

Xmind, Mindjet




APXUTEKTYpPa TaKTOBbIX cnMrHanos B Ultrascale — npakTtnyeckme BbiBOAbI

1. CuctemHomy apxuteKtopy ansa 6onbinx n 6bicTpbix NnpoekToB noa Ultrascale Bcé 6onblue BaXKHO MblLlieHME
KakK y ASIC — nHxkeHepa (noHMmaHmne CDC, permoHMpoBaHUA)

2.  Cy4yéTom HOBbIX BO3MOXHOCTEN, ewwe 6osblle COKpawaeTca HeobXoAMMOCTb PYHYHOIO BANAHUA Ha
TpaccupoBKy NyTém Bblbopa 6ydepos, HO (!) Bo3pacTaeT BO3MOKHOCTb U Ba*KHOCTb PEFTMOHMPOBAHUA AN
NNoTHbIX NnpoekToB. MHCcTpymeHT — Clock utilization Report

3. [na ymeHbwenuns auttepa (clock uncertainty) moxkHo ncnonb3oBaTb Ans geneHns Knoka BUFGCE_DIV
Bmecto MMCM
4. *ADVANCED — He pekomeHayeTca ucnonb3osatb Pblock ana eamnHctserHoro (single) clock region.

5. *ADVANCED — npu permnoHmpoBaHunm rmobanbHbix bypepos Bmecto ncnonb3osaHuna {LOCATION} property
ncnonb3yem {CLOCK_REGION} property

6. *ADVANCED npu aHanm3e npobnem c TaMMMHIramu No setup UCnosib3yem Apyroe asmnmupuyeckoe npasuio
NPOBEPLTE, HET /1M BbICOKOM 3aePrKKMN Ha NyTK Nepeaaumn aaHHbIX (high datapath delay) ns-3a:

= Large cell delay (7 series > 25%, UltraScale devices > 50%)

= Large net delay (7 series > 75%, UltraScale devices > 50%)

https://docs.xilinx.com/r/en-US/ug572-ultrascale-clocking/Overview?tocld=ccj3RMjHwmM~6IRIv_V8o4g



NcTopua c HEKOM Gnpmoun

1. Y HEKOM PUPMBbI HE NOJIY4aNI0Cb NOAHATL CTabuabHO nHTEepdenc paboTtbl ¢ AL
BbICOKOCKOPOCTHOW ALLIT

2. TanMUHTK He npoxoannun Ha 7-om Kintex, n 6bin ocywecTBnéH nepexos Ha Kintex
Ultrascale

3. Pe3ynbTaT — CTaNo XyXKe




PASHOE




Cnocobbl ncnosb3oBaHUA annapaTHbIX pecypcos M/INC B Koae\npoeKrte

CyLLI,eCTByeT TP OCHOBHbIX BAPUNAHTA CO34dHUNA 6/10KOB KOAdaQd.

GUI

" Customize IP
Block Memory Generator (8.0)
W Documentation |3 IP Location
k _ N -
1P Symbol Power Estimation Component Name |bik_mam_gen v8_0_0
Show disabled ports Basic  Port A Options Fort
MemorySize

Write Wicth |16

Read widtt

1 |16

Write Depth |16

Read Depth

Operating Mode "A"nn_ First  ~

Port A O

Port A

| Qutput Registers

Clock —»»
Wr En —p»|
Addr —»|
Wr Data —»
Rd Data <&

BRAM

Instantiate

x 1 | SB_RAM256x16 ram256x16 inst (
s 2 | .RDATA(RDATA c[ 1,
3 | .RADDR(RADDR c[7:2]),
g [ oo s Samey 4 | .RCLK(RCLK c),
Fage: 1104608 029 5 | .RCLKE(RCLKE c),
6 .RE(RE_c),
7 | .WADDR(WADDR c[7:2]),
) rr— 8 | .WCLK(WCLK c),
L 9 | .WCLKE(WCLKE c),
10 | .WDATA(WDATA c[ D,
s v e 11 | .WE(WE_c),
) .MASK(MASK_c[15:0])
)5
PortB
not wired

Instantiate — co3paBaTtb
9K3emMnAaap , Konuio

Infer

le SRAM_Single Port #(parameter

i Clk,
E i Wr_En,
t [$clog2(DEPTH)-1:0] i Addr,
[WIDTH-1:0] i_Wr_Data,
s [WIDTH-1:0] o_Rd Data,

reg [WIDTH-1:9] r_Mem [DEPTH-1:0];

@(posedge i_Clk)

if (i_Wr_En)
r Mem[i Addr] = i_Wr Data;

o Rd Data = r Mem[i Addr];

Infer — noapasymeBaTb,
AenaTb BblBOA, BbIBOAUTb

https://nandland.com/lesson-17-inference-vs-instantiation-vs-gui-which-is-best/



Cnocobbl ncnosb3oBaHUA annapaTHbIX pecypcos M/INC B Koae\npoeKrte

Mpumepsbl — ncnonblyem UG974 ana Ultrascale

CARRYS FIFO18E2 MMCME3_BASE
Primitive: 18Kb FIFO (First-In-First-Out) Block RAM Memory Primitive: Base Mixed Mode Clock Manager (MMCM)
Primitive: Fast Carry Logic with Look Ahead gl 2l celen g PRIMITIVE_GROUP: CLOCK
Families: UltraScale, UltraScale+ PRIM¥TIVE—SUBGROUPI PLL
PRIMITIVE_GROUPI CLB Families: UltraScale, UltraScale+
PRIMITIVE_SUBGROUP: CARRY FIFO18E2
Families: UltraScale, UltraScale+ MMCMES3_BASE
== CASDIN[31:0]  CASDOUT[31:0] jrmmmem ——— CLKFBIN CLKFBOUT |——
=—{ CASDINP[3:0]  CASDOUT([3:0] jrmmme
CARRY8 —— CASDOMUX  CASNXTEMPTY |—— FHiERowR
— CI CO[7:0] e —— CASDOMUXEN  CASPRVRDEN |—— CLKOUTO [——
CI_TOP O[7:0] —— CASNXTRDEN DOUT[31:0] jrmmmm CLKOUTOB [——
—— CASOREGIMUX  DOUTP[31:0] jrmmmmm
—_ : = CLKOUT1 ——
DI[7:0] - CASOREGIMUXEN EMPTY |—— SR !
w— S[7:0] —— CASPRVEMPTY FULL |—— CLlKouTIe
—— — DIN[31:0] PROGEMPTY |—— CLKOUT2 }——
—i{ DINP[31:0] PROGFULL [— CLKOUT2B |——
Design Entry Method . .
Design Entry Method Design Entry Method
Instantiation Yes —
Instantiation Yes Instantiation Yes
Inference Recommended
Inference . Inference No
IP and IP Integrator Catalog Yes IP and IP Integrator Catalog Recommended
IP and IP Integrator Catalog Recommended

https://docs.xilinx.com/r/en-US/ug974-vivado-ultrascale-libraries



ApXUTEKTYPHble/cnCTEMHbIE peLlleHna Ha Npumepe NamsaTn

= RAM / ROM - pekomeHayembin meTog, onucaHusa — inference. Mcnonb3ayem wabaoHbl. HoO ecTb BO3MOXKHOCTb
N NCnonb3oBaHUA IP-kaTanora u npamoro Instantiation

=  OTtpenbHana BarkHaa Bo3moxKHocTb AMD (Xilinx) Parameterizable Macros (XPMs)

HeKasa npomeXXyTouHaa BO3MOXKHOCTb mexKpay inference u instantiation. K npenmyuwectsam oTHOCAT BbicTpoe
MmoaennpoBaHue 1 NOPTaTUBHOCTb mexay cemencteaamm Xilinx. K HegocTatkam — orpaHMYeHue napameTpos
XPM. ®aktnyecku, XPMs — BCTpOEHHble BO3MOXKHOCTM CO34aHNA 610KOB meToAoM inference ¢ ncnosib3oBaHMeEM

LLIa6I'IOHOB, KOTOpbl€e HEJ/NIb3A USMEHATD. , . . .
Figure 84: Single-Bit CDC Decision Tree

Single-Bit CDC

Reset signal?

Templates Preview

Q = = 2

> Verilog 3 -- The following

v VHD : o b
Common Constructs . . Yes

Device Macro Instantiation

Device Primitive Instantiation .- Flow 2: Us
IP Integrator HDL 10 -

Simulation Constructs

Synthesis Constructs Asynchronous? Is it a pulse?

{ VvV Vv VvV VvV Vv v

Xilinx Parameterized Macros (XPM) o _k No

14 -~ Set parame Yes No
b_lnfo(UsageInstrch 15 1o » l

v [ XPM l l
> XPM_CDC -+ I B Use Use Use Use
> XPM_FIFO  ° . XPM_CDC_SYNC_RST XPM_CDC_ASYNC_RST XPM_CDC_SINGLE XPM_CDC _PULSE

> XPM_MEMORY 20 X17900-101016

https://docs.xilinx.com/v/u/en-US/wp272



ApXUTEKTYPHble/cnCTEMHbIE peLlleHna Ha Npumepe NamsaTn

=  JnemeHTbl NAamAaTtu — RAM moryt 6biTb

WMNAEMEHTUPOBAHbI, KaK U B 7 CEMEICTBE,
B 6/10MHOM NaMATM U1K B pacnpeaenéHHoOMn o i S
(BHYTpW nornyeckunx anemeHtos) — LUTRAM R e
= [lpumepHOeE NpaBMaAO — NaMATb IyOUHOM e P S
meHee 64 6ut peanunsyetca 8 LUTRAM,
6onee 256 — Block RAM
= MaccuBbl NAaMATU HENb3A PeceTUTb. TONbKO g
BbIXoAHOM peructp RAM. MNpu sTOoM peceT E
TO/IbKO CUHXPOHHbIN! U cbpoc Tonbko B 0!
| s
Y [ o i om0 8 D01 e (o0 )
B chyyae npobnem ¢ TaMMUHramm § d
610Kk0B RAM pekomeHayeTcs S il e rdeta < menlradeel;
n ncnonb3osathb Pipeline registers Ha > & e
BbIXOZaX, M MHOTAA N Ha BXO4ax —

v LUTRAM
64-Deep by 8-bit Wide Random Access Memory with Single-Bit Write (Sel:

https://support.xilinx.com/s/question/0D52E00006hpQZhSAM/distributed-ram-synthesis-infers-more-slicem-resources-than-expected?language=en_US



ApXuUTeKTypHble/cnctemHble peweHua — DSP 610Ku - 6aliKa

No DSP-610Kam — peructpbl DSPASE2 Pe3ynbTaTbl 40 M NOCAE UCNO/Ib30BAHMA ‘ g
B UltraScale cogepskaT TonbKo aTpnbyTa (* use_dsp = "yes" ¥) = 3
peceTbl.

He onuncbiBanTe cobbiTME YCTAHOBKMU
(Set) ona perncrtpos BOKpyr
YMHOXXUTENEN, CYMMATOPOB,
CYETYMKOB M APYroM NOrMKM, KOTOpas
MOKET ObITb UMNIEMEHTMPOBAHA B
Bnae DSP- 6nokKa.

DSP-6n10Ku ncnonb3ytot signed
apnudmeTUuRy

Xilinx coBeTtyeT onucbiBatb HDL
Mcnosb3oBaHMem signed Cxema 6e3 DSP-610Kk0B Cxema ¢ DSP-610kamu
nepemeHHbIx! T T B
YTBepKAaeTCA, YTO UCMONb30BaHMe A Pt 19
unsigned n3-3a HeobxoaMMOCTH
KOHBepcun meHee 3pdEKTUBHO.

ATpn6bYT UCNOb30BaH A4/ BCErO MOAY /A, OAHAKO MOMKET
6bITb NPUMEHEH ANA KOHKpeTHoro curHana (VHDL) nau
peructpa (Verilog),

NPUMEpP UCMO/Ib30BaAHUA TYT :
https://www.xilinx.com/support/answers/54357.html

https://docs.xilinx.com/v/u/en-US/wp272
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