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FPGA Timing
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Constraints and P&R

Without global timing constraints With global timing constraints
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Clock Constraint

In Vivado, a clock period constraint defines the frequency of a clock signal to guide the
timing analysis of an FPGA design, typically using the create clock command.

This constraint is critical for ensuring the design meets performance requirements by
specifying the clock's period (in nanoseconds, e.g., 4.0 ns).

v" Syntax: create clock -period <value> -name <clock_name> [get_ports <port_name>]

v Example: create_clock -period 10.0 -name sys_clk [get_ports sys _clk_pin]
v period: Sets the clock's period in nanoseconds. For a 100 MHz clock, the period is 10 ns
v" name: Assigns a user-friendly name to the clock object, making it easier to reference.

v [get_ports <port_name>]: Links the constraint to the physical input pin of your FPGA
design that receives the clock signal.




Clock Constraint

Why it's important

v Timing analysis: The constraint tells the Vivado timing engine the maximum frequency the
design should run at.

v Path identification: The engine uses this to analyze all timing paths between registers and to
calculate slack.

v Positive vs. negative slack:
v Positive slack: The design meets or exceeds the timing requirements.

v Negative slack: A timing violation has occurred, and the design cannot run at the specified
frequency.

v" This often indicates a need for design changes like pipelining or simplifying logic in
critical paths.




Clock Constraints Coverage

+ The PERIOD constraint covers paths between
synchronous elements clocked by the reference net

+ The PERIOD constraint does NOT analyze delay paths:

+ From input pads to output pads (purely combinatorial)
+ From input pads to synchronous elements

+ From synchronous elements to output pads
*

Between unrelated clocks
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Clock Path Example
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Clock Path Report

o0s
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LOGHK_CRLL _CONS 0908

2,331 data path

0,199 UTeco 1 FF =14 ¥1 N1 inz reql0]

0,000 RE. i_ELL il FF x14 ¥1 M1 inz2 req[0]|q

0,247 RE IC 1 LCCOME =14 %1 Mi0 s1[07~0|datab
0,306 RR i_ELL 1 LCCOME <14 Y1 M10 s1[0]~0]combauk
0,524 RE. IC & LCCOME x14 Y1 Mla out reql0]~4|datab
0.410 RE _ELL i LOZOME X114 Y1 Mila out req[0]-4|couk
0,000 RE. IC s LOCOME 14 %1 M1S out regf1]~6]cin
0.055 RF i_ELL il LCCOME X144 Y1 M1S gut reqf1]-6|couk
0,000 FF IC g LCCOME x14 Y1 Mz0 out reql2]~8|cin
0,055 FR ZELL il LOZOME <14 Y1 Mz0 out reql2]-~8|cout
0,000 RR IC 1 LOCOME 14 Y1 M22 ouk req[3]~10|cin
0,455 RE. i_ELL ; LCCOME X114 Y1 MZe out req[3]-10]|combouk
0,000 RE. IC 1 FF =14 ¥1 MNZ3 out reqg[3]|d

0,074 RE. i_ELL il FF x14 %1 MN23 auk req[3]




Timing Analysis Basics

Launch vs. latch edges
Setup & hold times

Data & clock arrival time
Data required time

Setup & hold slack analysis
/O analysis

Recovery & removal

Timing models
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Path & Analysis Types

Async Path
[ ore ) ( ore )
Data PRE Data Path PRE
> D Q > D Q
—> >
\_ CLR CLR
Clock
Clock Paths
Async Path
Three types of Paths: Two types of Analysis:
1. Clock Paths 1. Synchronous — clock & data paths
2. Data Path 2. Asynchronous® - clock & async paths
3. Asynchronous Paths*

*Asynchronous refers to signals feeding the asynchronous control ports of the registers
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Launch & Latch Edges

CLK
Lagnch tca'f;:
edge
CLK \I [< |
DATA X Data valid XX

Launch Edge: the edge which "launches” the data from source register

Latch Edge: the edge which "latches” the data at destination register
(with respect to the launch edge, typically 1 clock cycle)
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Setup & Hold

Data A= Clock
b 2 1:su th
Clock = L__,
\_CLR Data X valid X

t,,: Setup Time: The minimum time data signal must be stable
BEFORE clock edge

t,: Hold Time: The minimum time data signal must be stable
AFTER clock edge

Together, the setup time and hold time form a Data Required Window,
the time around a clock edge in which data must be stable
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Data Arrival Time

The time for data to arrive at destination register’s D input

Reg1 Reg2
( ) T ( ope )
PRE data
Data omb. PRE
D Q logic D Q
Tclk1
> >
\__CLR CLR
— — —
CLK 0
Launch
edge \
REG1.CLK t, |
REG1.Q X Data valid >
Tdata
—
REG2.D >Q Data valid P4

Data Arrival Time = launch edge + T, + t_, +T,..,
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Clock Arrival Time

The time for clock to arrive at destination register’s clock input

CLK

CLK

REG2.CLK

Reg1 Reg2
[ PRE [ PRE
omb.
I~ I~
L — |
\ CLR / T \ CLR ),
clk2
Latch
Tclk2 I

Clock Arrival Time = latch edge + T,
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Data Required Time (Setup)

The minimum time required before the latch edge for the data to get
latched into the destination register

Reg1 Reg2
[ PRE ) [ PRE )
omb.
—
I~ I~
L T L
\ CLR ck2 \_ CLR )
H_I
t..
Latch
/ edge
CLK Teika - |
Data must
be valid here = t..
‘» <
REG2.CLK |
REG2.D > Data valid

Data Required Time (Setup) = Clock Arrival Time - t,, - Setup Uncertainty

CA4ES - C. Sisterna 17




Data Required Time (Hold)

The minimum time required after the latch edge for the data to remain
valid for successful latching into the destination register

Reg1 Reg2
PRE aroale PRE
> >
\__CLR Towe \__CER
CLK —
| t,
Latch
— edge
CLK Teika
Data must >
remain valid .
until to here h
REG2.CLK |
\
REG2.D > Data valid Pt

Data Required Time (Hold) = Clock Arrival Time + t,, + Hold Uncertainty
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Setup Slack

The margin by which the setup timing requirement is met. It ensures

launched data arrives in time to meet the latching requirement
Reg2

Tdata» Regz
PRE omb. PRE
Tclk1
T —>
\ CLR / \ CLR ),
Launch | CO to
edge \
< Latch
CLK Teikt - edge
REG1.CLK t |
REG1.Q P4 Data valid >
Tdata‘
REG2.D P 4 Data valid P4
Teike R
REG2.CLK > L |

Setup Slack
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Setup Slack (cont’d)

Setup Slack = Minimum Data Required Time (Setup) — Maximum Data Arrival Time

Positive slack
o Timing requirement met

Negative slack
o Timing requirement not met
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Solutions for

Timing Issues




Timing Issues Problems and Solutions

Analysis of the most common timing failures and
their possible solutions.

v" Too many logic levels
v" High signal fan-out
v Conflicting timing requirements

v Overly demanding timing requirements




Case 1 - Too many logic levels
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DATAE
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Case 1 - Too many

logic levels - Example

i
[ Report Timing (Worst-Case Path) ©-s
Command Info | summary of Paths |
Slack From Mode To MNode Launch Clack Latch Clock Relationship Clock Skew Data [
1 |-2466 [PACKE] CHECKGPACKET CHECK|Bst datalilli | PACKET CHECK:PACKET CHECK|parity_error  SCLK SCLK 5.000 0.070 7.394
' ] | P
| Path #1: Setup slack is -2.466 (VIOLATED) | |Path #1: Setup slack is -2.466 (VIOLATED) |
Path Summary | Statistics | Data Path | Waveform Esctra Fitter{n#] | Path Summary Statistics | Data Path | Waveform Extra Fitter Information
Property Value Count  TotzlD| | Data Arrival Path |
1 Setup Relationship 5.000 Total Incr RF Type Fanout Location Element o
2 Clock Skew -0.070 1 0.000 0,000 launch edge tin
2o
e 2 4 2651 2.651 dock path
[ s Number of Logic Levels 17'_' 3 2.651 2651 R clock network ¢
3 | 4 Physical Delays 4 |4 10.045 7.394 datapath  |E
8 4 Arrival Path 5 2.883 0.232 uTeo 1 FF_X11 Y13 N3 PACKET CHEC
7 4 Clock 6 2,883 0,000 FF CELL 1 FF_X11 Y13 N3 IPACKET _CHEC
8 Clock Network umped) 1 2851 | R 3,209 0.3%6 FF IC 1 LCCOMB_X11 Y13_N16  {PACKET CHEC
9 4 Data 8 3,359 0.150 FR  CELL 1 LCCOMB X11 ¥13 N16  iPACKET CHEC
10 Ic 18 4.571 | B g 3.563 0,204 RR IC 1 LCCOMB ¥11 ¥13 N6  iPACKET CHEC
1 Cel 13 2.581 | 8 49 3.718 0.155 RR  CEL 1 LCCOMB_¥11 ¥13 N6  {PACKET CHEC
12 _ ulco 1 0.232 | 843 4,095 0.377 RR IC i LCCOME ¥10 Y13 N30 iPACKET CHEC
13 4 Required Path 12 4.250 0.155 RR  CELL 1 LCCOMB_¥10_¥13 N30  {PACKET CHEC
14 4 Clock 13 4,619 0,369 RR IC L LCCOMB_X10_Y13_N18  iPACKET_CHEC
15 Clock Network (Lumpied) 1 25 14 4,753 0139 RF  CELL 1 LCCOMB_X10_Y13_N18  {PACKET CHEC
| 15 4,985 0,227 FF IC i LCCOMB_X10_Y13_N16  iPACKET_CHEC
NG de Nivel 16 5.135 0.150 FR  CELL 1 LCCOMB ¥10 Y13 N15  iPACKET CHEC
umero ae Niveles 17 5.339 0.204 RR IC i LCCOMB_X10 Y13 N26  iPACKET CHEC
2 . 18 5.494 0.155 RR  CELL 1 LCCOME ¥10 Y13 N26  iPACKET CHEC
Loglcos en el 1l"|| C occ o W i | inlnl T Rl IIJ"IJ"HHND_V‘H'\_\I"‘ ':l_hl"|l| inAr"ln_—r_r'"l_lI:r' &
. . 4 I 3
camino de arribo
| Data Required Path |
L) P —. | t Total Incr RF Type Fanout Location Element o
Mote: Megative delays are omitted from totals when calculating percentages 1 5.000 5.000 latch edge time |
2 4 7.531 2.581 dock path
3 7.558 2.558 R dock network ¢
-'f | B B I | o - -I‘
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Case 1 - Solution to too many logic levels

e Add pipeline registers to reduce T,

. inst12
inst11 .
—JoaTan iFFZ
. —DATARA
. instd —oATAB FRE
. inst? —{BATRE COMBOUT] boaf—
. inst —{oaTRa COMBOUT] DATAC
insth —JpaTAn —JvaTAe SR
—JvaTAn —{bATAB —bATAD
. —JpaTaa —{vaTAB COMBOUT] DATAD ENA
instk —JvATRE COMBCUT) DATAC LCELL_COMB (FFFF)
—vATAB GOMBOUT] DATAG Lz ELL_GOME (255 GLA
) —{oaTan COMBOUT| 0 ATAC —{pATAD
inst1-18 —JbATH —bATAD
—{vaTHE —vATAD LCELL_SOME (FFFE)
—{ oo COMBOUT, ATAD L ELL_G:0Ng (S
DATRE BATAL L ELL_COME (558 LGELLGOME
iFF1 comEouT) DATRD
FRE e L ELL_C:OME (0
[ BATAD
CLK[—y K LCELL_G:OME (FFFE)
ENA
CLR,
. inst12
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(=L X LR I
instd —{oaran
—lonraz aweaur]
inst7e1% I e o T =
—fouraz —Jouran
. —Jowrax ckeaur onran
. inzth —joaras LTELL SOME | FEE)
. insth . —owran LEELL_COmMe |
. inst? —fowran iFF2 aveaur ran
inst1~12 —pran e
. TTYTY —Jouran LCELL_COME |FFEED
—Jparax —parae venu R oaran
—oarap aREauUr rac
— sz caneaur] e L ek
aseau rac —puran
barac —fwran e
—pwran LTELL TaKE | FFF)
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Case 1 - Advice

e Do not use if-elsif-endif nested, used case instead
VHDL Verilog

-— Too many embedded IF statements Ff Too many embedded IF statements
process{aA, B, C, D, E, F, G, H} dlways @ =)
begin begin
if A = '"1" then if ()
sig_out <= 1; sig _out <= 1;
elsif B = "1" then else if {(B)
sig_out <= 2; cig_out <= 2;
elsif C = "1" then else if (C)
sig_out <= 3; sig_out {= 3;
elsif D = '1' then else if (D}
sig out <= 4; sig_out <= 4;
elsif E = '1' then else if {E)
sig_out <= 5; sig _out {= 5;
elsif F = "1" then else if {F)
sig_out <= 6; cig_out <= 6;
elsif G = “1" then else if {G)
sig out <= 7; sig_out {= 7; 1
elsif H = '1' then else if (H)
sig out <= 8; sig_out <= 8; 2 — — OuT
else else 33— ——0
sig_out <= 9; sig _out {= 9; 4 — 1 A
end if; end 5 | 0
end process; A
6 —1 —°
7 —1 0 B
8 —1 0 c
o D
9 —o E
F
G
H
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Case 2: High Fan-Out Signals

The followving net= hawve been asz=zigned to a chip global resource:
Fanout Type Hame

4378 IHT_HNET Net o Sy=Clk
Driver: Instance_Cllk_MlE=t_Gen-Pll_Z2LMhz_0.-Core
Source: ESSENTIAL

2277 INT_HET Het © SysR=tH_c_c
Driwver: Instance S5G FEDE-CortexMl1Top 0-CortexMl1Top IT-T_CLESEC
Source: HETLIST

1861 SET-EESET_NET Het . Instance SG_FEDE-CHACIOIII RENI9A4
Driver:

Instance SG FEDE-CORE10100_AHBAPE 0-CHACOOO10I-CHACITI1I- -CHMACIOIII_RHI964-T _CLESREC

Source: HETLIST

776 INT_HET Het o Instance S5G FEDE-CortexM1Top 0-DBGRESETn
Driver:

In=tance S5G_FEDE-CortexM1Top_0-genbll1085 .genblkl1037  CortexM1Top 01-T_CLESEC

Source: HETLIST

322 CLE_HET Net : Instance_SG FEDE-CLEIHT 1_¥
Driwver: Instance S5G FEDE-CIEINT 1.7 _CLESEC
Source: HETLIST

273 CLE_HET Het : Instance S FEDE-CLEIHT 0¥
Driwver: Instance S5G FEDE-CIEINT 0.7 CLESEC
Source: HETLIST

L

e e +———— +————— + - e +
| Clock Net | Fezource | Lockefl| Fanout | t Zkew(n=z) |Hax Delayinz) |
e e +———— e e +
| fpga clk 250 | EUFGHMUXSS| No | 126 | § 0.280 | 1.410

e e e e o +————= ot o +
|haud_genfr5232_clk_i | | | | | |
| | EUFGHUXTS| No | T2 | §0.307 | 1.410

e e e e o +————= ot o +
| sys_clk 100 BUFGE | EUFGMUXOF| No | 34 | § 0.210 | 1.322 |
e e e e o +————= ot o +

H

CA4ES - C. Sisterna




-Out Signals

igh Fan

H

Case 2

©
=
=
9]
It
R,
n
o
s
0
w
<
o




Case 2: High Fan-Out Signals

Ll
Repaort Timing {(Warst-Case Path) O '-l"}
Command Info summary of Paths
Slack From Mode To Mode Launch Clock Latch Clock Relationship  Clock Skew  Data Delay
1 sig my_regv[1095] dk dk 5.000 4.083 9,667

| Path #1: Setup slack is -1.716 (VIOLATED) |
Path Summary Statistics Data Path Waveform Extra Fitter Information

Data Arrival Path |
Total Incr RF Type Fanout Location Element
1 0.000 0.000 launch edge time
2 4 (0,000 0.000 dock path
3 0.000 0000 R dock network delay
= 1.000 1.000 R iExt 1 PIN_T34 sig
5 4 10.667 9.667 data path
3 1.000 0.000 FRR IOIBUF %0 _Y55_MN32 sigrnput i
7 1.782 IOIBUF %0 _Y55_MN32 sigrinput|o
3 9,945 MLABCELL_X92_ Y47 _MN33 my_regv[1095] ~feeder |datab
9 10,539 MLABCELL_X92_ Y47 _M33 my_regwv[1095] ~feeder |combout
10 10,539 FF_X92 Y47 N39 my_reqgv[1095] |d
11 10.667 n17a FF_X92 Y47 N39 my_reqgv[1095]
Fanout de 4001
retardo de ruteo
Data Required Path
de 8.163 ns
Total ST . 1y 1 armeut Location Element
1 5.000 5.000 latch edge time
2 [ 9.083 4,083 dock path
4 8.351 0.132 uTsu 1 FF X392 Y47 N33 my_regv[1095]




Case 2: High Fan-Out Signals — Main Problem

In FPGASs, a signal with high fan-out refers to a net (like a
clock, reset, or data signal) that drives a large number of
downstream logic elements, such as flip-flops or gates.

This can lead to issues like:

v' excessive capacitive loading,
v" increased propagation delays,
v" signal skew,

v power consumption spikes,

v" timing violations (e.g., setup/hold time failures), which
degrade performance or prevent the design from meeting
clock frequency targets.




Case 2: High Fan-Out Signals — Solution

v Register/Logic duplication
v" Pipelining
v" Utilize Global or Low-Skew Resources

v" Buffering and Routing Optimization




Case 3: Floorplaning

A graphical tool used to display and edit the design within the FPGA. Poor

floorplanning can decrease design performance, just as good floorplanning can
improve it.

Uses

v" Increase productivity and performance
v" View the design placed on the FPGA
v" Make placement modifications

v Create placement areas and groups

CA4ES - C. Sisterna




Case 3: Floorplaning

Before using floorplaning, understand the following:
v The whole design

v The FPGA architecture

v The software you use

Before using floorplanner, consider:
v Time constraints

v" Increasing P&R effort

v" Using pipelines on critical paths

v Using re-entrant or multi-pass P&R routing

CA4ES - C. Sisterna




Case 3: Floorplanning — Physical Partition

Assignment of logical function to specific area in the FPGA

Nios'II




Case 4 : Retiming

Retiming is a technique to improve throughput and latency by increasing
F, with the possibility of an area change

» Moves registers through combinational logic to balance timing.
» Swaps critical and non-critical paths.

» Does not change the logic's functionality.

= 10 NS = - D NS a =7NS = =8NS —
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Case 4 : Retiming

Before Retiming

& 10ns i 5ns  °
After Retiming

—P

ns 8ns




Case 5 : Resource Sharing

Resource sharing is a technique to trade frequency and latency for area.

Resource sharing is when a single hardware resource (typically area-expensive)
Is used to implement several operations in the design.

What kind of operations can share hardware?
- Addition, Subtraction, Comparisons.

- Multiplication, Division

CA4ES - C. Sisterna




Case 4 : Resource Sharing

C
[3:0] [3:0]

D[3:]Q[3:@] ®out1[3:0]

=
| =

out1[3:0]

Céh: D> — DCLB-eJQB-eJL-
unl_en N : ' out2[3:0]

[3:2] \
(:::) [3:0]

=
=

o out2[3:0]
[1 @:l- [1:0]
XL1: out1_3[3:0
[ @:].' [1:01 -3t
a :
-»-
sel un1_x[3:2]
clk b=
x[1:0] M L1:0) [3:0) G:01 | [3:0]
: . i : : : d < :
J[1:07mm [1:0] @ DL3:0] Qr3:e] out1[3:0]
y[.l '@:l- tmp2[3:0] E
out1[3:0]
b[1:01™
-
- umDZn L:2] ¢
- 5:0) 31 qr3ionpd - out2[3:0]
. A .
6[1:0]- [1:0] [3:0“ OUt]'3[3:0] 0ut2|:3:0]
bL1:0]m® L1:0]

tmp1[3:@]




Case 6: Synthesis Attributes

library ieee;
use ieee.std logic 1164.all;
USE ieee.numeric_std.all;

Synthesis attributes can be used to make the entity mult is
synthesis result more efficient in area or in port (clk : in std_logic;
a : in std logic_vector(7 downto 9);
performance' b : in std_logic vector(7 downto 0);
c : out std logic vector(1l5 downto ©@))
. . . d 1ts;
Here, there is an example using synthesis S
attributes to reduce area, therefore, increasing architecture rtl of mult is
rf signal mult i : std logic vector(1l5 downto 9);
pe ormance. attribute syn_multstyle : string;

attribute syn multstyle of mult i : signal is "logic";

begin

mult i <= std logic_vector(unsigned(a)*unsigned(b));
process(clk)
begin

if (clk'event and clk = "1") then

C <= mult_i;

end ;

end process;

end rtl;




Case 6: Synthesis Attributes
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Timing Clousure Flow

1 Use Proper Coding Techniques 8 Review Critical Paths in the Code
2 Drive Your Synthesis Tool 2 Apply Critical Path Constraints in Synthesis
3 Specify Pin Constriants 1

Apply Global Xilinx Constraints Al critical paths

not identified

v

Implement with MAP-Timing Options
or
Run Multi-Pass Place & Route

-~

Floorplan helped but
did not meet timing

All Multi-Cycle and False

Paths not identified Start Over/Rewrite Code .

v




Systems with Different
Clock Domains




Asynchronous Inputs

« Digital systems of all types inevitably have to deal with asynchronous input signals that
are not synchronized with the system clock.

« Asynchronous inputs can come from various sources, e.g.: keyboard, key, push button,
sensor, output of another IC (with a different clock signal), etc.

~ ASYNCIN

—

asynchronous
input Synchronous

system

CLOCK -

(system clock)




Synchronizer in VHDL

library iecee;
use ieee.std logic 1lo4.all;

. entity synchronizer 1is
port (
5 clk in std logic;

asyncin in std logic;
i syncin : out std logic);

asynchronous

input Synchronous end s yn chronizer;
system

. architecture behave of synchronizer is

™ ASYNCIN

CLOCK -
(system clock)

signal meta: std logic;

begin
sync proc: process (clk)
synchronizer beg‘:l'l_1 o
A if (rising edge(clk)) then
meta <= asyncin;
ASYNCIN VETA P g o
(asynchronous input) S S E./l’l cin = meta;
ynchronous end if :
system
end process;
CLOCK end behave;
(system clock)




Synchronizer for Narrow Input Signal

Vece Salida

| Sincr.
D Q|+——D Q| l—»D Q >
Entrada
Asincr.
I > o > )
Clock r




Bus Synchronizer

« From a low frequency to a high frequency

Clock
Asincr.

—{ D Qll— Q‘—pD Q—ﬂ}

CA4ES - C. Sisterna




Bus Synchronizer

* From a high frequency to a low frequency

p
Vee
Lv D Q| }+——D Q » D Q - )
Clock
Asincr.
Ra'% Clr D —>p
Clock
) D Q|| Bus
Sincr.
;-;CE —_—
Bus
n-bits D alh »
' ™
L

CA4ES - C. Sisterna



Digital Clock Management (DCM)

Output clocks are phase aligned
when using clock feedback via
the CLKFB input.

Deskewed Clock

I
I
J |_| |_| |__-" CLKlN CLKO _"J F= FCLK|N
|
I

50% duty cycle when
DUTY_CYCLE_CORRECTION=TRUE

CLKO  ~ | Glock
or — T ~—| Distribution | cLkrs

CLK2x |- | Delay CLK2X |

Clock Feedback Loop

A clock feedback loop to CLKFB
is required when using the DCM
CLKO, CLK2X, CLK2X180, or
CLKDV outputs. Use only CLKO
or CLK2X as the feedback CLRDTY |
source. Feedback is not
required when using only the
CLKFX or CLKFX180 outputs.

CLK2X180 [—

CLKFX [—

CLKFX180 [—
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Clock Skew (delay) Elimination

FPGA

Other Device
@ @ on the board
> >

CA4ES - C. Sisterna

Other Device
on the board

—° s

A) Esquema de configuracion de los DCMs
@ m
|
|
@ M
|

B) Alineamiento ideal del reloj
Clock Perlod (T)

-
O\ /T
® _/:—\ Delay=T-Ab 'f—\_
@_/_?—\ Delay_T_\.c /. 'Ac

C) Retardando el reloj, parece un adelantamiento




Clocking Phase Advance

133 MHz
FPGA S e Processor
Tco =4.5ns Tsetup = 4.0ns
ClockA | 1
PLL
1 Global Clock

CA4ES - C. Sisterna




Handshaking Between
Components




Tx/Rx Protocol Between Systems

« Problemas to face:
— Asynchronous systems

— No signal, clock, etc., relation between the systems

« There are several schemes, one of the most used is the ‘For Phases”

CA4ES - C. Sisterna




Four Phases Protocol

System A System B

data signals

ack (':2)—/ \%@/




Four Phases Protocol

Eb‘ /'" 3'(%) ~ e x5)

/

—

{ valid data }

« Phase 1. Tx activate the request
« Phase 2. Rx activate the acknowledge of the request

« Phase 3. Tx de-activate the request

« Phase 4: Rx deactivate the acknolwdege




Four Phases Protocol

Important: If Tx and Rx are in different clock domains, use synchronizers

data signals
< -
req_out ack_out
Tx Rx
ack_sync
req_sync
S — ' > —>
< < ack_in req_in > >
I .
/ \
JI L TxCIk RxCIK —r *\
Synchronizer \ Synchronizer




FPGA Routing




FPGA: Interconnect - Routing

| H

| [ I [ Doubles

PSM PSM Singles

Doubles

%

M 1 7Y
22
2
I ‘ ‘ ‘ @ Ky @

X6601

@.
£
i
N N N

e —

t Long lines
Single length

.
. - - Input/Output Block (I0B)

- Configurable logic block (CLB)

Switch matrix

[M]

| a

Transistor de Paso

. -, Q

LONG PI P

FEEDBACK

LONG DBL IGLE DBL LONG GLOBAL DIRECT FEEDBACK

Sisterna




FPGA: Interconnect - Routing

Logic block
N :
* Logic block
./ g

SRAM SHRAM

Logic block )




ect - Routing

- =7
.D
=,
=1
ﬁ
M
PR

[e
e
gl =S
= D

o E———

(e s
WL e e

| —
1ININNrS
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FPGA: Interconnect - Routmg

E@II YOO OO IR | || |
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* Thanks for your participation !

ﬂ cristian@unsj.edu.ar

Cristian @Linkedin

C7 Technology

e Disefio de Sistemas Digitales Avanzados con VHDL-FPGA
A
W[

CAES - C. Sisterna


https://www.linkedin.com/in/cristian-sisterna-aa321a14/
https://hdl-fpga.blogspot.com/
https://hdl-fpga.blogspot.com/
https://hdl-fpga.blogspot.com/
https://c7technology.com/
https://c7technology.com/
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