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Altera® devices provide predictable performance that is consistent from
simulation to application. Before configuring a device, you can determine
the worst-case timing delays for any design. You can use the timing
models provided in this application note along with the timing
parameters listed in the FLEX 10K Embedded Programmable Logic Family
Data Sheet in this data book to estimate design performance.

[l="  For the most precise timing results, you should use the
MAX+PLUS® Il Timing Analyzer, which accounts for the effects
of secondary factors such as placement and fan-out.

This application note defines device internal and external timing
parameters, and illustrates the timing model for the FLEX® 10K device
family.

Familiarity with the FLEX 10K architecture and characteristics is
assumed. Refer to the FLEX 10K Embedded Programmable Logic Family Data
Sheet for a complete description of the FLEX 10K architecture and for
specific values for timing parameters listed in this application note.

The timing delays contributed by individual FLEX 10K architectural
elements, called internal timing microparameters, cannot be measured
explicitly. All internal timing microparameters are shown in italic type.
The following sections define the internal timing microparameters for the
FLEX 10K device family.

I/0 Element Timing Microparameters

The following list defines the 1/0 element (IOE) timing microparameters
for the FLEX 10K device family.

tiop Output data delay. The delay incurred by a signal routed
from the FastTrack™ Interconnect to an IOE.

tioc IOE control delay. The delay for a signal used to control

the 170 register’s clock, enable, or clear inputs, or for the
output enable control of the IOE’s tri-state buffer.
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AN 91: Under standing FLEX 10K Timing

tiorD IOE register feedback delay. The time required for the
output of an IOE register to reach a row or column
channel of the FastTrack Interconnect.

tincoMB IOE input pad and buffer to FastTrack Interconnect delay.
The time required for a signal on an I/0 pin, used as an
input, to reach a row or column channel of the FastTrack
Interconnect.

Y NREG IOE input pad and buffer to IOE register delay. The time
required for a signal on an 170 pin, used as an input, to
reach an IOE register data input.

tioco 170 register clock-to-output delay. The delay from the
rising edge of the 170 register’s clock to the time the data
appears at the register output.

tiocoms 170 register bypass delay. The delay for a combinatorial
signal to bypass the 1/0 register.

tiosu 1/0 register setup time. The minimum time a signal must
be stable at the 1/0 register’s data input before the
register clock’s rising edge to ensure that the register
correctly stores the input data. t;ggy is also the minimum
recovery time between deassertions of clear and the
rising edge of the clock.

tioH 170 register hold time. The minimum time a signal must
be stable at the 1/0 register’s data input after the register
clock’s rising edge to ensure that the register correctly
stores the input data.

YocLr 170 register clear delay. The delay from the time the 170
register’s asynchronous clear input is asserted to the time
the register output stabilizes at a logic low.

top1 Output buffer and pad delay with the slow slew rate
logic option turned off and Vc10 = VeoinT

top? Output buffer and pad delay with the slow slew rate
logic option turned off and Vo = low voltage.

tops Output buffer and pad delay with the slow slew rate
logic option turned on.
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txz

tzxa

tzx2

tzx3

Output buffer disable delay. The delay required for high
impedance to appear at the output pin after the tri-state
buffer’s enable control is disabled.

Output buffer enable delay with the slow slew rate logic
option turned off and V¢ |0 = VeeoinT: The delay
required for the output signal to appear at the output
pin after the tri-state buffer’s enable control is enabled.

Output buffer enable delay with the slow slew rate logic
option turned off and V¢ o = low voltage. The delay
required for the output signal to appear at the output
pin after the tri-state buffer’s enable control is enabled.

Output buffer enable delay with the slow slew rate logic
option turned on. The delay required for the output
signal to appear at the output pin after the tri-state
buffer’s enable control is enabled.

Interconnect Timing Microparameters

The following list describes the routing timing microparameters for the
FLEX 10K device family.

tsAMELAB

tsamMEROW

Logic element (LE) to LE in same logic array block (LAB)
delay. The delay incurred by a signal routed between LEs
in the same LAB.

FastTrack Interconnect same row delay. The delay
incurred by a row IOE, LE, or embedded array block
(EAB) driving a row IOE, LE or EAB in the same row. The
tsamerow delay is a function of fan-out and the distance
between the source and destination. The value shown in
the FLEX 10K Embedded Programmable Logic Family Data
Sheet is the longest delay possible for an LE with a
fan-out of four loads. However, the value generated by
the MAX+PLUS Il Timing Analyzer is more accurate
because it considers fan-out and the relative locations of
the source and destination in the design.

['="  For more information, see “Timing Model vs.
MAX+PLUS Il Timing Analyzer” on page 557.
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tsamecoLumn  FastTrack Interconnect same column delay. The delay
incurred by an LE driving an IOE in the same column.
The tsamecoLumn delay is a function of fan-out and the
distance between the source and destination. The value
shown in the FLEX 10K Embedded Programmable Logic
Family Data Sheet is the longest delay possible for an LE
with a fan-out of four loads. However, the value
generated by the MAX+PLUS Il Timing Analyzer is more
accurate because it considers fan-out and the relative
locations of the source and destination in the design.

I'==  For more information, see “Timing Model vs.
MAX+PLUS Il Timing Analyzer” on page 557.

toIFFROW FastTrack Interconnect delay between different rows. The
delay incurred by a column IOE, LE, or EAB driving a
row IOE, LE, or EAB in a different row via one column
and one row channel. The tpeprow delay is a function of
fan-out and the distance between the source and
destination. The value shown in the FLEX 10K Embedded
Programmable Logic Family Data Sheet is the longest delay
possible for an LE with a fan-out of four loads. However,
the value generated by the MAX+PLUS Il Timing
Analyzer is more accurate because it considers fan-out
and the relative locations of the source and destination in
the design.

'~ For more information, see “Timing Model vs.
MAX+PLUS Il Timing Analyzer” on page 557.

trworows FastTrack Interconnect delay between two rows. The
delay incurred by a row IOE, LE, or EAB driving a row
IOE, LE, or EAB in a different row via a row channel, a
column channel, and another row channel. The
trworows delay is a function of fan-out and the distance
between the source and destination. The value shown in
the FLEX 10K Embedded Programmable Logic Family Data
Sheet is the longest delay possible for an LE with a
fan-out of four loads. However, the value generated by
the MAX+PLUS Il Timing Analyzer is more accurate
because it considers fan-out and the relative locations of
the source and destination in the design.

I's~  For more information, see “Timing Model vs.
MAX+PLUS Il Timing Analyzer” on page 557.
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tLEPERIPH

tLABCARRY

t aBCASC

tbin2IoE

tbiNnaLE
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Peripheral bus delay. Routing delay for an LE or IOE
driving a control signal of an IOE via the peripheral
control bus. The value shown in the FLEX 10K Embedded
Programmable Logic Family Data Sheet is the longest delay
possible for an LE with a fan-out of four loads. However,
the value generated by the MAX+PLUS Il Timing
Analyzer is more accurate because it considers fan-out
and the relative locations of the source and destination in
the design.

[~ For more information, see “Timing Model vs.
MAX+PLUS Il Timing Analyzer” on page 557.

Carry chain delay to a different LAB. The routing delay
for a carry-out signal of an LE driving the carry-in signal
of an LE in a different LAB in the same row. A carry chain
longer than one LAB skips either from one even-
numbered LAB to another even-numbered LAB, or from
one odd-numbered LAB to another odd-numbered LAB.

Cascade chain delay to a different LAB. The routing
delay for a cascade-out signal of an LE driving the
cascade-in signal of an LE in a different LAB in the same
row. A cascade chain longer than one LAB skips either
from one even-numbered LAB to another even-
numbered LAB, or from one odd-numbered LAB to
another odd-numbered LAB.

Delay from dedicated input pin to IOE control input. The
time required for a signal on a dedicated input pin to
reach an IOE control input.

Delay from dedicated input pin to LE or EAB control

input. The time required for a signal on a dedicated input
pin to reach an LE or EAB control input.
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tDIN2DATA Delay from dedicated input pin to LE or EAB data input.
The time required for a signal on a dedicated input pin to
reach an LE or EAB data input. The value shown in the
FLEX 10K Embedded Programmable Logic Family Data Sheet
is the longest delay possible for a pin with a fan-out of
four loads. However, the value generated by the
MAX+PLUS Il Timing Analyzer is more accurate
because it considers fan-out and the relative locations of
the source and destination in the design.

[’ For more information, see “Timing Model vs.
MAX+PLUS Il Timing Analyzer” on page 557.

tbcLk21oE Delay from dedicated clock pin to IOE clock. The time
required for a signal on a dedicated clock pin to reach an
IOE clock input.

tbcLKoLE Delay from dedicated clock pin to LE or EAB clock. The
time required for a signal on a dedicated clock pin to
reach an LE or EAB clock input.

Logic Element Timing Microparameters

The following list describes the LE timing microparameters for the
FLEX 10K device family.

tLuT Look-up table (LUT) delay. The delay incurred by
generating a LUT output from an LAB local interconnect
signal.

trRLUT LUT using LE feedback delay. The time required for the

output of an LE register to be fed back and used to
generate the LUT output in the same LE.

teLuT Carry-chain LUT delay. The delay incurred by a carry
chain signal used to generate the LUT output.

tpaCKED Data-in to packed register delay. The delay incurred by
routing an LAB local interconnect signal around the
LUT to the LE register data input.

tc Register control delay. The time required for a signal to
be routed to the clock, preset, or clear input of an LE
register.

ten LE register enable delay. The time required for a signal

to be routed to the enable input of an LE register.
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tcGENR

tcen

tcico

tcoms

tprRE

tor

tcasc
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Carry-out generation using LE feedback delay. The time
required for the output of an LE register to be fed back
and used to generate the carry-out signal in the same LE.

Carry-out generation delay. The delay incurred by
generating a carry-out signal from an LAB local
interconnect signal.

Carry-in to carry-out delay. The delay incurred by
generating a carry-out signal that uses the carry-in signal
from the previous LE.

LE clock-to-output delay. The delay from the rising edge
of the LE register’s clock to the time the data appears at
the register output.

Combinatorial output delay. The time required for a
combinatorial signal to bypass the LE register and
become the output of the LE.

LE register setup time. The minimum time a signal must
be stable at the LE register’s data input before the
register clock’s rising edge to ensure that the register
correctly stores the input data. The tg, parameter is also
the minimum recovery time between deasserting the
clear or preset and the rising edge of the clock.

LE register hold time. The minimum time a signal must
be stable at the LE register’s data input after the register
clock’s rising edge to ensure that the register correctly
stores the input data.

LE register preset delay. The delay from the assertion of
the LE register’s asynchronous preset input to the time
the register output stabilizes at a logic high.

LE register clear delay. The delay from the assertion of
the LE register’s asynchronous clear input to the time the
register output stabilizes at a logic low.

Cascade chain delay. The time required for a cascade-out
signal to be routed to the next LE in the same LAB. This
delay, along with t sgcasc. IS also used to calculate the
delay for a cascade-out signal to be routed to an LE in a
different LAB in the same row.
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EAB Timing Microparameters

The following list describes the EAB timing microparameters for the
FLEX 10K device family.

teABDATAL

tEABDATA2

tEABWEL

tEABWE?

teABCLK

teaBCO

teABBYPASS

tEaBSU

teABH

teaBCH

Data or address delay to EAB for combinatorial input.
The time required for a signal at the boundary of an
EAB to reach an EAB data or address combinatorial
input.

Data or address delay to EAB for registered input. The
time required for a signal at the boundary of an EAB to
reach an EAB data or address registered input.

Write enable delay to EAB for combinatorial input. The
time required for a signal at the boundary of an EAB to
reach an EAB write enable (WE combinatorial input.

Write enable delay to EAB for registered input. The
time required for a signal at the boundary of an EAB to
reach an EAB WEregistered input.

EAB register clock delay. The time required for a signal
at the boundary of an EAB to be routed to the clock
input of an EAB register.

EAB register clock-to-output delay. The delay from the
rising edge of the EAB register’s clock to the time the
data appears at the register output.

Bypass register delay. The time required for a
combinatorial signal to bypass an EAB register.

EAB register setup time before clock. The minimum
time a signal must be stable at the EAB register’s data
input before the register clock’s rising edge to ensure
that the register correctly stores the input data.

EAB register hold time after clock. The minimum time a
signal must be stable at the EAB register’s data input
after the register clock’s rising edge to ensure that the
register correctly stores the input data.

Clock high time. The minimum time an EAB clock

signal must remain at a logic high for proper clocking of
the EAB registers.
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teaBCL

top

twpsu

twoH

twasu

twanH

teaBOUT

Clock low time. The minimum time an EAB clock signal
must remain at a logic low for proper clocking of the
EAB registers.

Address access delay. The delay from an EAB RAM
address input change to an EAB RAM data output
change.

Data-in to data-out valid delay. The time required for
data at the EAB RAM data input to propagate to the EAB
RAM data output during a write cycle.

Write pulse width. The minimum time WEmust be held at
a logic high to ensure that the EAB RAM correctly stores
the input data.

Data setup time before falling edge of write pulse. The
minimum time a signal must be stable at the EAB RAM
data input before the falling edge of WBo ensure that the
RAM correctly stores the input data.

Data hold time after falling edge of write pulse. The
minimum time a signal must be stable at the EAB RAM
data input after the falling edge of WRo ensure that the
RAM correctly stores the input data.

Address setup time before rising edge of write pulse. The
minimum time that a signal is required to be stable at the
EAB RAM address input before the rising edge of WBo
ensure that the RAM correctly stores the input data.

Address hold time after falling edge of write pulse. The
minimum time that a signal is required to be stable at the
EAB RAM address input after the falling edge of WEo
ensure that the RAM correctly stores the input data.

Write enable to data output valid delay. The delay from
the rising edge of WHo data, which was just written to
RAM, appearing at the EAB RAM data output.

Data-out delay. The time required for the output of an

EAB to reach a row or column channel of the FastTrack
Interconnect.
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Internal EAB Internal EAB timing macroparameters are combinations of FLEX 10K
.. internal EAB timing microparameters. These macroparameters cannot be
Tlmmg measured explicitly. The following list defines the internal EAB timing
Macropara- macroparameters for the FLEX 10K device family.
meters teABAA EAB address access delay. The delay from an EAB
address input change to an EAB data output change.
teagrccome  EAB asynchronous read cycle time. The minimum time
required to complete an asynchronous read cycle.
tEABRCREG EAB synchronous read cycle time. The minimum time
required to complete a synchronous read cycle.
tEABWP EAB write pulse width. The minimum time the EAB WE
input must be held at a logic high to ensure that the EAB
RAM correctly stores the input data.
teagwccoms  EAB asynchronous write cycle time. The minimum time
required to complete an asynchronous write cycle.
tEABWCREG EAB synchronous write cycle time. The minimum time
required to complete a synchronous write cycle.
tEARDD EAB data-in to data-out valid delay. The amount of time
required for data at the EAB data input to propagate
through the EAB RAM to the EAB data output during a
write cycle.
teagpaTAcO  EAB clock-to-output delay when using output registers.
The delay from the rising edge of the EAB output register
clock input to the time the data appears at the EAB data
output.
teaspDATASU  EAB data/address setup time before clock when using
input register. The minimum time a signal must be stable
at the EAB data/address input before the EAB input
register clock’s rising edge to ensure that the input
register correctly stores the input data.
tEABDATAH EAB data/address hold time after clock when using input

544

register. The minimum time a signal must be stable at the
EAB data/address input after the EAB input register
clock’s rising edge to ensure that the input register
correctly stores the input data.
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tEABWESU

tEABWEH

teABWDSU

tEABWDH

tEABWASU

tEABWAH

teaBwO
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EAB WEetup time before clock when using input register.
The minimum time a signal must be stable at the EAB WE
input before the EAB input register clock’s rising edge to
ensure that the input register correctly stores the input
data.

EAB WEhold time after clock when using input register.
The minimum time a signal must be stable at the EAB WE
input after the EAB input register clock’s rising edge to
ensure that the input register correctly stores the input
data.

EAB data setup time before falling edge of write pulse
when not using input registers. The minimum time a
signal must be stable at the EAB data input before the
falling edge of the EAB WEnput to ensure that the RAM
correctly stores the input data.

EAB data hold time after falling edge of write pulse when
not using input registers. The minimum time a signal
must be stable at the EAB data input after the falling edge
of the EAB WHnput to ensure that the RAM correctly
stores the input data.

EAB address setup time before rising edge of write pulse
when not using input registers. The minimum time a
signal must be stable at the EAB address input before the
rising edge of the EAB WHnNput to ensure that the RAM
correctly stores the input data.

EAB address hold time after falling edge of write pulse
when not using input registers. The minimum time a
signal must be stable at the EAB address input after the
falling edge of the EAB WEnNput to ensure that the RAM
correctly stores the input data.

EAB write enable to data output valid delay. The delay
from the rising edge of the EAB WEnput to data, which
was just written into RAM, appearing at the EAB data
output.
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External External timing parameters represent actual pin-to-pin timing

.. characteristics. Each external timing parameter consists of a combination
Timing of internal delay elements. They are worst-case values, derived from
Parameters extensive performance measurements, and are ensured by device testing

or characterization. All external timing parameters are shown in bold
type. For example, tprg is the AC operating specification. Other external
timing parameters can be estimated by using the timing model or the
equations in “Calculating Timing Delays” on page 550 of this application
note.

torRR Register-to-register delay. The time required for the signal
from one register to pass through four LEs via three row
interconnects and four local interconnects to reach the D
input of a second register. The test circuit used for this
parameter is a register with an output that goes through
three LCELL primitives in two different LABs; the last LCELL
feeds another register in another LAB. Figures 1 through 4
show this path for different FLEX 10K devices. The test
circuit files are available from Altera Applications.

Figure 1. tprg Circuit Path for 24-Column FLEX 10K Devices

5 LABs Apart Same LAB 6 LABs Apart 5 LABs Apart

DFF § DFFy

PRN LCELL LCELL LCELL PRN
N N N
data_1C—> D Q 1> 1> 1> D Q—T—out1l
clk

CLRN CLRN

7 7

Figure 2. tprg Circuit Path for 36-Column FLEX 10K Devices

8 LABs Apart Same LAB 8 LABs Apart 8 LABs Apart

DFF L DFFy

PRN LCELL LCELL LCELL PRN
N N N
data_1 > D Q 1P 1P 1P D Q—T— out_1
clk

CLRN CLRN

7 7
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Figure 3. tprg Circuit Path for 52-Column FLEX 10K Devices

11 LABs Apart Same LAB 13 LABs Apart 11 LABs Apart

DFF DFF|

PRN LCELL LCELL LCELL PRN
N N N
data_ 1 C>——"D Q 1 1 1 D Q— T out 1
clk —

CLRN CLRN

7 7

Figure 4. tprg Circuit Path for 76-Column FLEX 10K Devices

17 LABs Apart Same LAB 18 LABs Apart 17 LABs Apart

DFF | DFFy

PRN LCELL LCELL LCELL PRN
N N N
data 1C>———"D Q 1> 1> 1> D Q—T—out1l
clk

CLRN CLRN

7 7

tinsu Setup time with global clock at IOE register. The minimum

time a signal must be stable at a pin driving an IOE register
before a rising edge is applied to the global clock pin to
ensure that the register correctly stores the input data.

tiNH Hold time with global clock at IOE register. The minimum
time a signal must be stable at a pin driving an IOE register
after arising edge is applied to the global clock pin to ensure
that the register correctly stores the input data.

toutco Clock-to-output delay with global clock at IOE register. The
delay from a rising edge on the global clock pin to data
appearing at an output pin driven by an IOE register.

tobH Output data delay. The minimum time a registered output
pin will remain at its previous value after a rising edge is
applied to the clock input pin. This parameter applies for
both global and non-global clocking, and for LE, EAB, and
IOE registers.
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FLEX 10K
Timing Model

Timing models are simplified block diagrams that illustrate the
propagation delays through Altera devices. Logic can be implemented on
different paths. You can trace the actual paths used in your FLEX 10K
device by examining the equations listed in the MAX+PLUS Il Report File
(.rpt) for your project. You can then add up the appropriate internal
timing parameters to calculate the approximate propagation delays
through the FLEX 10K device. However, the MAX+PLUS Il Timing
Analyzer provides the most accurate timing information. Figures 5
through 8 show the timing model for FLEX 10K devices.

Figure 5. FLEX 10K Device Timing Model
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Figure 6. FLEX 10K Device LE Timing Model
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Figure 8. FLEX 10K Device EAB Timing Model

EAB Data Input Input Register RAM/ROM Output Register EAB Output
Delays Delays Block Delays Delays Delay
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Clock
Calculatlng You. can cglculate 'ap-prommate pm-to-pm timing delays for FLEX 10K
.. devices with the timing model shown in Figures 5 through 8 and the
Tlmmg DEIayS internal timing parameters listed in the FLEX 10K Embedded Programmable

Logic Family Data Sheet in this data book. Each timing delay is calculated
from a combination of internal timing parameters. Figure 9 shows the
FLEX 10K device family LE timing delays. To calculate the delay for a
signal that follows a different path through the FLEX 10K device, refer to
the FLEX 10K timing model to determine which internal timing
parameters to add together.
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Figure 9. Logic Element Timing Delays (Part 1 of 4)
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Figure 9. Logic Element Timing Delays (Part 2 of 4)
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Figure 9. Logic Element Timing Delays (Part 3 of 4)
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Figure 9. Logic Element Timing Delays (Part 4 of 4)
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Figure 10 shows the FLEX 10K device family IOE timing delays. To
calculate the delay for a signal that follows a different path through the
FLEX 10K device, refer to the FLEX 10K timing model to determine which
internal timing parameters to add together.

Figure 10. I/0 Element Timing Delays (Part 1 of 2)
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Hold Time from a Global Clock & Any I/0 Data Input
Any /O
—
Dedicated Clock .
— 10E Input Register

ty = (Ipcrkzioe * tiod) — tinrec * tiow
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Figure 10. I/0 Element Timing Delays (Part 2 of 2)
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Figure 11 shows FLEX 10K device family EAB timing delays for a sample
circuit. To calculate the delay for a different circuit, refer to the FLEX 10K
timing model to determine which internal timing parameters to add
together.
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Figure 11. EAB Timing Delays

Cycle Time with a Global Clock

EAB
RAM

Combinatorial data Combinatorial
Dedicated ! Logic address out Logic
Clock
o>—— :

LE Register EAB Register EAB Register LE Register
teycito2 = lc t+ico * tsamerow t tut t tcoms t tsamerow t tEaBDATASU
toycetos = lEaBrcrEG
tevcstos = leasparaco t tsamerow t tLut t tcoms t tsamerow * fut + tsu— e

Timing Model
VS.
MAX+PLUS I
Timing
Analyzer

Altera Corporation

Hand calculations based on the timing model provide a good estimate of
a design’s performance. However, the MAX+PLUS Il Timing Analyzer
always provides the most accurate information on design performance
because it takes into account three secondary factors that influence the
routing microparameters:

m  Fan-out for each signal in the delay path
m  Positions of other loads relative to the signal source and destination
= Distance between the signal source and destination

Fan-Out

The more loads a signal has to drive, the longer the tsamerow:
tsaMECOLUMN: tDiFFROW: trworows: toin2DATA @Nd t gperipH delays
become. These delays are functions of the number of LABs that a signal
source has to drive, as well as the number of LEs in the LAB that use the
signal. The number of LABs that a signal drives has a greater effect on the
delay than the number of cells in the LAB that use the signal.
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Load Distribution

The load distribution relative to the source and destination also affects the
tsamEROW: tsAMECOLUMN: tDIFFROW: tTworows: tLEPERIPH: @Nd tpiN2DATA
delays. Consider a signal s1 that feeds destination d1 and logic elements
y[4.1] .Ify[4.1] areindifferent LABs, sl has four additional loads.
However, if the LEs are all in the same LAB, s1 has four shorter-delay
loads. Therefore, the row interconnect delay from s1 to d1 is greater when
each load y[4..1] isin a different LAB. Figure 12 illustrates how
variations in the position of d1 and the distribution of y[4..1]  change the
routing delay.

Figure 12. Delay from s1 to d1 as a Function of Relative Position & Load Distribution
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Examples

Distance

The distance between the source and destination LEs also affects the
tsamerow: tsamecoLUMN: tDiFFRow: trworows: toinzpATA: @Nd T gperipH
parameters. For example, if s1 drives an LE in the same row, the delay
from sl to the LE increases as the distance from sl to the LE increases.

The following examples show how to use internal timing
microparameters to estimate the delays for real applications.

Example 1: 4-Bit Equality Comparator with a Cascade Chain

You can analyze the timing delays for circuits that have been subjected to
minimization and logic synthesis. The synthesized equations are available
in your project’s MAX+PLUS Il Report File (.rpt). These equations are
structured so that you can quickly determine the logic implementation of
any signal. For example, Figure 13 shows a 4-bit equality comparator.

Figure 13. 4-Bit Equality Comparator Circuit

a0 >

bo >

CASCADE

N
|7

al >
bl >

a2 >
b2 >

a3 >
b3 >

L>—D

p

| 1) D e
P
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The MAX+PLUS Il Report File for the circuit shown in Figure 13 gives the
following equations for eq, the output of the comparator:

eq = _LC2 By,
_LC2 Bl = LCELL(_EQ002C);
_EQO002C = _EQO002 & CASCADE(_EQO001C);
_EQ002 = @a2&a3&h2&h3
#a2 &'a3& b2 & b3
#la2 & a3 & b2 &b3
#1a2 & 1a3 & b2 & 'b3;
_LC1 B1 = LCELL(_EQO01C);
_EQO001C = _EQO001,
_EQ001 = a0&alé&h0&bl

#a0 &'al & b0 & bl
#1a0 & al & b0 & bl
#1a0 & lal & b0 & Ib1;

Figure 14 shows a synthesized 4-bit equality comparator.

Figure 14. Synthesized 4-Bit Equality Comparator

a0 [—> :

b0 C>—— EQO01C
: LUT =

al > +

b1 [—>

_LC2 Bl

2>
b2 >
a3[ >
b3 >

EQ002C
! ; q
LU

The output pin eq is the output of the second LE of a cascade chain. The
LUT of _LC1 B1 implements the comparison of the first two bits. The
comparison of the second two bits isimplemented in the LUT of _LC2 BL1.
The outputs of these two LUTSs are then cascaded together to form the
output of _LC2 B1.

If a2 and eq are both row 1/0 pins, the timing delay from a2 to eq can be
estimated by adding the following microparameters:

tincoms t tsamerow * tLuT + tcoms t+ tsamerow * tiop + tiocome t tob:
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If a0 isarow I/0 pin, the timing delay from a0 to eq can be estimated by
adding the following microparameters:

tincoms * tsamerow * tLuT * tcasc t tcomes t tsamerow T tiob * tiocoms
+top1

Example 2: 3-Bit Adder Using a Carry Chain

FLEX 10K devices have specialized resources that implement complex
arithmetic functions. For instance, adders and counters require a carry
function to determine whether or not to increment the next significant bit.
The FLEX 10K architecture has a built-in carry chain that performs this
function. This example explains how to estimate the delay for a 3-bit
adder that uses a carry chain (see Figure 15).

Figure 15. 3-Bit Adder Implemented with a Carry Chain

a0 >
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¢
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L 1 - >
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The MAX+PLUS Il Report File contains the following equations for the
3-bit adder in Figure 15:

cout = |LC5 By,
sumO = _LC2 By,
suml = _LC3 B3,
sum2 = _LC4 B3,
_LCc2 B1 = LCELL(_EQO001);
_EQO01 = la0 & b0
#a0 & bo;
_LC2 B1_CARRY = CARRY(_EQ002);
_EQO002 = a0 & bo;
_LC3 B1 = LCELL(_EQO003);
_EQ003 = al&!bl&! LC2 Bl CARRY

#1a1& 101 & LC2 Bl CARRY
#al&bl& LC2 Bl CARRY
#lal &bl &! LC2_B1 CARRY;

_LC3 B1_CARRY = CARRY(_EQ004);

_EQO04 al& LC2 Bl CARRY
#al &bl
#b1& LC2 Bl CARRY;
_Lc4 B1 = LCELL(_EQO05);
_EQO05 = a2&!b2&! LC3 B1_CARRY
#1a2 & b2 & LC3 Bl CARRY
#a2&b2& LC3 Bl CARRY
#1a2 & b2 & ! LC3_B1 CARRY;
_LC5 Bl = LCELL(_LC4 B1 CARRY);
_LC4 B1_CARRY = CARRY(_EQO006);
_EQO06 = a2& _LC3 Bl CARRY

#a2 & b2
#b2& LC3 Bl CARRY;
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Figure 16 shows a synthesized 3-bit adder.

Figure 16. Synthesized 3-Bit Adder

LC2 Bl
a0 > _EQO01 :
LUT = > sum0
b0 > H
, _LC2 B1 CARRY
— Carry Chain :
_Lc3 Bl |
*— H
EQ003 :
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a2 LUT R T
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— ) LC4 B1 _CARRY !
Carry Chain — = :
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In Figure 16, LE _LC2_B1 generates sum0 and a carry-out signal
(_LC2_B1_CARRYthat feeds the carry-in of LC3 B1.LE _LC3 Bl

generates sumland a carry-out signal (_ LC3_B1_CARRY that feeds the
carry-inof _LC4 B1. LE LC4 B1 generates sum2and cout using a2, b2,

and _LC3 B1 CARRYThe cout signal must pass through LC5 Bl

because a carry buffer cannot directly feed a pin.
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Conclusion

564

If a0 and sum2 are row 1/0 pins, the timing delay from a0 to sum2 can be
estimated by adding the following microparameters:

tincoms t tsamerow * tcgen t tcico + teLuT * tcoms t tsamerow T tiob
*tiocoms t top1

If a0 and cout are row I/0 pins, the timing delay from a0 to cout can be
estimated by adding the following microparameters:

tincoms * tsamerow T tegen  tcico + tcico + teLut + tcoms + tsamerow
*+tiop + tiocoms * top1

The FLEX 10K device architecture has predictable internal timing delays
that can be estimated based on signal synthesis and placement. The
MAX+PLUS Il Timing Analyzer provides the most accurate timing
information. However, you can also use the FLEX 10K timing model
along with the timing parameters listed in the FLEX 10K Embedded
Programmable Logic Family Data Sheet in this data book to estimate a
design’s performance before compilation. Both methods enable you to
accurately predict your design’s in-system timing performance.
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