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Increasing Clock Rate

= The three types of delay — tpyp , e, trog - determine the
maximum clock rate.

= The maximum clock rate can be changed by:
~ Reducing the propagation delay of registers and gates
~ Changing the circuit architecture

= The design approach:
~ Pin-to-pin delay can be eliminated by registering the inputs or the

~ Clock-to-output delay can be minimized by reducing
combinational paths between the clock input and output

~ Registering outputs will remove all combinational delay paths

~ Adding registers may increase register-to-register delay but can
also improve the maximum clock frequency by reducing tpyp , toog
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‘How do we improve clock rater
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‘How do we improve clock rater
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‘How do we improve clock rater

U8, DFF _
A 1ns Register all Inputs, Outputs! U5 U6
Y
D
o 6 ns
7 ns 9 ns
U1 U2
‘_} D :
—0
° Q@ > Q U9, DFF
‘_> U4 c
¢ DFFs
U3 ®
t, =3ns
ty =4ns
ck 8 8 ns teoo =5 NS
s
2 ns New Clock-to-Output Delay Was 22 ns
=U8_ty + U9_t,, + U6_ty L

= 2 + 5 + 6 =13ns



New Timings

Max Clock Freq = 1/ Max (Reg2reg, Clk20ut, Pin2Pin)
=1/ Max (17, 13, 0)
= 58.8 MHz « was 45.5 MHz

New setup time =t, + A2D ty max - Clk t,4y min 0
=t,+ U7_t U7 - U8 ty . "
=3+ 1 -2 =2ns

New hold time =14+ CIk t,; max - A2D t,4 min

-2
Sty+ US_t, - U7t o o
=4 + 2 - 1 = 5ns




New Datasheet

Parameter | Description Min Max Units
Tclk Clock Period 17 ns
Fclk Clock Frequency 58.8 Mhz
Atsu A setup time ns
Athd A hold time ns
A2Y AtoY Tpd ns
Ck2Yy Clock to Y tpd 13 ns

Most designs have all inputs, outputs registered




PLLs/DLLs

= A Delay Locked Loop (DLL) or Phased Locked Loop
(PLL) circuit is used to align the external clock edge at
the pin with the internal clock edges at the DFF clk pins

= Applications of these circuits include: system

synchronization, skew reduction, clock synthesis, clock

and data synchronization
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Generic DLL Operation

= A DLL inserts delay on the clock net until the clock input

rising edge is in phase with the clock feedback rising
edge

= Requires a well-designed clock distribution network: the
clock edges arrive simultaneously everywhere in the part
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Phased Lock Loops

= A Phased Look Loop adjust the frequency of the internal oscillator

(Voltage Controlled Oscillator) until the generated local clock
matches the external clock

= Local reference clock may be frequency multiple of input clock

= PLL depends on data input to provide “enough” signal transitions to
lock onto, else PLL could lose coherency.
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PLL vs. DLL

PLL

Frequency synthesis possible
(uses a VCO)

Input jitter is filtered

Takes longer to acquire lock
(phase error accumulates)

Limited frequency capture
range, unlimited phase capture
range.

Used more for frequency
synthesis, synchronization for
digital, communications, and
clock recovery

Stability is an issue (2"d or 3
order system)

DLL

Not able to adjust its frequency
(uses VCDL)

No self-generated jitter

Fast lock (phase error does not
accumulate)

Limited phase capture range

Very attractive alternative
when no frequency synthesis
required.

Always stable (15t order
system).




DLL Capabilities

..m Easy clock duplication
n—4 Clock Mirror
5 System clock distribution

o Cleans and reconditions incoming clock

Clock

= Quick and easy frequency adjustment
"o« m - Single crystal easily generates multiple clocks

| _ - Faster state machine utilizing different clock
mm phases

I 7" Excellent for advance memory types

= De-skew incoming clock

™ ~= Generate fast setup and hold time or fast
clock-to-outs




DILL Blocks 1n Xilinx Spartan Chips

= Digital DLL Design

< DlL D I0B 0B < DLL ) 2 Noise insensitive
o Scalable to new processes
|| R GLE CLB RI | : e L
o Jitter specifications
0| A Al O _
Bl M SPARTAN-IIE M| B = +/-100ps, << 50ps Typical
- = No cumulative phase error
| R - - Rl 2 Used in advanced
ol A Al o memories
B MloLs ce| M| B| = Spartan IIIE has
(o ) 108 o8 (| oL ) 2 4DLLs

o External clock outputs




How does a DILIL/PLL Help?

= A Delay Locked Loop (DLL) or Phased Locked Loop
circuit is used to align the external clock edge at the pin
with the internal clock edges at the DFF clk pins

~  Some clock skew due to clock routing network from PLL will still
be present, but input buffer delay eliminated

= This means that we can drop out the Clk Tpd term from
the equations

= How does this change things?
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With PLL/DLL

, Buffer Delay eliminated

— r— O

ExtCK | |>
| INtCK




New Timings (PLL, Inputs/Outputs Reg)

Max Register to Register Delay
U2_t,q +US ty+U9 t,= 5+9+3=17ns.

Asetup time =ty + A2D t,y max - Clk t,y min
=15, + (U7_1,) - O (due to PLL)
=3+1-0=4ns

A hold time =14+ Clk t,y max - A2D t,4 min
=1yq + 0 (due to PLL) - (t,y U7)
=4 +0- (1) = 3ns




New Timings (PLL, Inputs/Outputs Reg)

Clock to Out
= UB_ty + U9_t,, + U6 _t4
= 0O(duetoPLL)+5+ 6=11ns

NO pin to Pin combinational delay! All inputs/outputs
registered!

Max Clock Freq = 1/ Max (RegZ2reg, Clk20ut, Pin2Pin)
=1/ Max (17, 11, 0)
= 58.8 Mhz




New Datasheet (PLL, I/O Reg)

Parameter | Description Min Max Units
Tclk Clock Period 17 ns
Fclk Clock Frequency 58.8 Mhz
Atsu A setup time 4 ns
Athd A hold time 3 ns
A2Y AtoY Tpd ns
Ck2Yy Clock to Y tpd 11 ns

Clock to Output improved; important in multiple chip
designs. External Setup/Hold times closer to
setup/hold times of internal DFFs.




Timing Constraints

= When doing designs with FPGA devices, you need a
mechanism to specify how you want the circuit to
perform.
~ To meet a performance specification.
~ To evaluate how your design operates.

= Most Design tools provide several ways to specify timing
constraints as well as other design constraint such as
layout area.

= Timing constraints improve the design performance by
placing logic closer together so that shorter routing
resources can be used




Logic Placement and Timing Constraints

Without global timing constraints With global timing constraints
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= Note that with timing constraints the logic is placed closer to the 1/O pins
= Moving the logic closer to the pins improves on-chip and off-chip timing




Creating a Timing Constraint

Step 1. Create groups of path end points

Step 2: Specify a timing requirement between the groups




PERIOD Constraints

PERIOD constraints cover paths between synchronous elements

PERIOD constraints do not cover paths from input pads to output Pads

FLOP1 FLOP2 FLOP3
A}DATA - S Q_Q - —\ OUT1
L LY > @rinnn > —L S
CLK D> > D>
' >
BUFG FLOP4 FLOP5
D_Q—Q D Q'—Q—'D r ) oUT?2
BUS [7..0] S | €T S
|
CDATA

PERIOD Constraints take into consideration all available timing information
~  Clock skew between the source and destination flip-flops
~Synchronous elements clocked on the negative edge
~Unequal clock duty cycles
~ Clock input jitter




An Example of a PERIOD Constraint

Assume:
- 50 percent duty cycle on CLK FF1 -
_ PERIOD constraint of 10 ns D —
- Because FF2 will be clocked on the -
falling edge of CLK, the path _p 1 cik ~
between the two flip-flops will be BUFG INV

constrained to 50 percent of 10 ns =
o Nns




Pad to Pad Constraints

Pad to Pad Constraints

Cover Purely

Combinatorial Paths
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OFFSET Constraints

Offset In/Out constrains 1/O pads to/from synchronous elements
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Offset Constraints

Offset Constraints Account for Clock Delay

T data_In T data Out
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Example

= Which paths are constrained by an OFFSET IN and an
OFFSET OUT constraint on CLK?

~ OFFSET IN: PADA to FLOP and PADB to RAM
~» OFFSET OUT: LATCH to OUT1, LATCH to OUT2, and RAM to

OUT1
FLOP
PADA LATCH
Fﬁ D Q
OouT1
CLK | r 5
|
|

BUFG RAM

ouT2




Constraints |

Aditor (Xilinx IS

—

-

-
Froceszses:

= Expand User
Constraints in the
Processes for Source .
window

= Double-click Create
Timing Constraints

-] Add Exizting Source
-]  Create New Source

- 0 Wiew Design Summary
#-3F  Design Utiities

Create Timing Constraints

[Jzer Constraints

: Azzign Package Ping

E2d  Create Area Constraints

@ Edit Constraints [Texst]

- B 31 Synthesize - %5 T

- [}OImplement Design

H-PJ  Generate Programming File

=[] Analze Design Uzing Chipscope

|y R O |

'ﬂf‘ Froceszes




Constraint Editor (Xilinx IS!

(L]
N—

= PERIOD and Pad-to-
Pad constraints can
be entered on the
Global tab

= Double-click here to
make a PERIOD

& Xilinx Constraints Editor - [Global - ch_fifo.ngd / ch_fifo.ucf] = |[B)X]
.@ File Edit view Window Help L)
‘D@EE X X AN

Period Pad to Setup Clock to Pad
0z HIGH 50 % Ans 10 ne

Clock Met MName

constraint
Fortz || Advanced || Mizc
= Global Pad-to-Pad P NET "wi_ck_in” TNM_NET = wi_clk_in". ~
. =4l TIMESPEC “T5_wr_clk_in" = PERIOD "wr_chk_in" 20 ris HIGH 50 %
ConStra| nt =8| OFFSET = IN 5 nz BEFORE "wi_clk_in" ;

EY|OFFSET = OUT 10 ns AFTER "wr_clk_in" w

.::-: Conztraints [read-write] Constraints [read-only] Source Congtraints [read-anly]

= Constraints can be
deleted by selecting
the constraint in the
text window and
pressing <Delete>




P

HRIOD Constraint Options

TIMESPEC Name
Specific constraint

~ Active clock edge
~ Duty cycle

Relative to other PERJOD

TIMESPEC

~ Useful for designs with multiple

clock signals

~ Can define both frequency and
phase relationships

Clock Period

Initial active edye used for
OFFSET value is setto HIGH  J6—  PERIOD —3)
~

— — mPuTLITTER

TIMESPEC Mame:

|75 _w_chk_in

Clock Met Mame:

Iwr_c:lk_in

oK

[w]

I [}

o =1

Tl
]

reLlack Signal Definition
% SpecifuTime
Time: |2D Units: Ins j
& Start HIGH  Start LOW
Time HIGH: /50 Units: 1% [=
" Relative to other FERIOD TIMESPEC
RefeenceTIMESFER: [ =]
& Kultiply by ) Divide by
Factar: I1
PHASE:
& Flus ! Mirus
alue: Jo Urits: Ins =l
Input Jitter
Time: 0 Units: IDS j

Input Jitter




Entering OFFSET Constraints

= Global OFFSET IN and OFFSET OUT constraints can be
made on the Global tab

Pad to Setup = OFFSET IN

# Xilinx Constraints Editor - [Global - ch_fifo.ngd / ch_fifo.ucf] (= |[B][X]
.é? File Edit View Window Help CIE X
0= X HEAIFE AN

\

Clock et Mame FPerniod Fad to Setup 7 Clock to Pad
wr_clk_in 20 nz HIGH B0 % A hg 10 hs

Clock to pad = OFFSET OUT




‘Review (Question

= Given the system diagram below, what values would
you put in the Constraints Editor so that the system
will run at 100 MHz?
» Assume no clock skew between devices

Upstream Device F P G A Downstream Device
sl PNt U 1.
D Q B—38-0° o 0 o j— D Q
> L >

Answer: PERIOD =10 ns, OFFSET IN = 6 ns, and OFFSET OUT =5 ns
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