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Logic Elements

Dynamic Arithmetic Mode

The dynamic arithmetic mode is ideal for implementing adders, counters,
accumulators, wide parity functions, and comparators. An LE in dynamic
arithmetic mode uses four 2-input LUTs configurable as a dynamic
adder/subtractor. The first two 2-input LUTs compute two summations
based on a possible carry-in of 1 or 0; the other two LUTs generate carry
outputs for the two chains of the carry select circuitry. As shown in
Figure 2-7, the LAB carry-in signal selects either the carry-in0 or
carry-inl chain. The selected chain's logic level in turn determines
which parallel sum is generated as a combinatorial or registered output.
For example, when implementing an adder, the sum output is the
selection of two possible calculated sums:

datal + data2 + carry-inO0
or
datal + data2 + carry-inl

The other two LUTs use the datal and data2 signals to generate two
possible carry-out signals—ene for a carry of 1 and the other for a carry of
0. The carry-in0 signal acts as the carry select for the carry-out0
output and carry-inl acts as the carry select for the carry-outl
output. LEs in arithmetic mode can drive out registered and unregistered
versions of the LUT output.

The dynamic arithmetic mode also offers clock enable, counter enable,
synchronous up/down control, synchronous clear, synchronous load,
and dynamic adder/subtractor options. The LAB local interconnect data
inputs generate the counter enable and synchronous up/down control
signals. The synchronous clear and synchronous load options are
LAB-wide signals that affect all registers in the LAB. The Quartus II
software automatically places any registers that are not used by the
counter into other LABs. The addnsub LAB-wide signal controls
whether the LE acts as an adder or subtractor.
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MultiTrack Interconnect

All embedded blocks communicate with the logic array similar to
LAB-to-LAB interfaces. Each block (i.e., M4K memory or PLL) connects
to row and column interconnects and has local interconnect regions
driven by row and column interconnects. These blocks also have direct
link interconnects for fast connections to and from a neighboring LAB.

Table 2-2 shows the Cyclone device's routing scheme.

Table 2-2. Cyclone Device Routing Scheme
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PLL — — — v v v — — — — —
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Row IOE — — — v N4 v _ — — — —
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Embedded Memory

Byte Enables

M4K blocks support byte writes when the write port has a data width of
16, 18, 32, or 36 bits. The byte enables allow the input data to be masked
so the device can write to specific bytes. The unwritten bytes retain the
previous written value. Table 2-5 summarizes the byte selection.

Table 2-5. Byte Enable for M4K Blocks  Notes (1), (2)
byteena[3..0] datain x18 datain x36
[0]=1 [8..0] [8..0]
[1]=1 [17..9] [17..9]
[2]=1 — [26..18]
[38]=1 — [35..27]

Notes to Table 2-5:
(1)  Any combination of byte enables is possible.
(2) Byteenables can be used in the same manner with 8-bit words, i.e., in x16 and x32

modes.

Control Signals and M4K Interface

The M4K blocks allow for different clocks on their inputs and outputs.
Either of the two clocks feeding the block can clock M4K block registers
(renwe, address, byte enable, datain, and output registers). Only the
output register can be bypassed. The six 1abc1k signals or local
interconnects can drive the control signals for the A and B ports of the
M4K block. LEs can also control the clock a, clock b, renwe_a,
renwe b,clr a,clr b,clocken_a,and clocken b signals, as
shown in Figure 2-15.

The R4, C4, and direct link interconnects from adjacent LABs drive the
M4K block local interconnect. The M4K blocks can communicate with
LABs on either the left or right side through these row resources or with
LAB columns on either the right or left with the column resources. Up to
10 direct link input connections to the M4K block are possible from the
left adjacent LABs and another 10 possible from the right adjacent LAB.
M4K block outputs can also connect to left and right LABs through 10
direct link interconnects each. Figure 2-16 shows the M4K block to logic
array interface.
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Embedded Memory

Independent Clock Mode

The M4K memory blocks implement independent clock mode for true
dual-port memory. In this mode, a separate clock is available for each port
(ports A and B). Clock A controls all registers on the port A side, while
clock B controls all registers on the port B side. Each port, A and B, also
supports independent clock enables and asynchronous clear signals for
port A and B registers. Figure 2-17 shows an M4K memory block in
independent clock mode.

Figure 2-17. Independent Clock Mode
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Notes to Figure 2-17:
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(1)  All registers shown have asynchronous clear ports.
(2) Violating the setup or hold time on the address registers could corrupt the memory contents. This applies to both

read and write operations.
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Input/OQutput Clock Mode

Input/output clock mode can be implemented for both the true and
simple dual-port memory modes. On each of the two ports, A or B, one
clock controls all registers for inputs into the memory block: data input,
wren, and address. The other clock controls the block's data output
registers. Each memory block port, A or B, also supports independent
clock enables and asynchronous clear signals for input and output
registers. Figures 2-18 and 2-19 show the memory block in input/output
clock mode.
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Embedded Memory

Figure 2-19. Input/Output Clock Mode in Simple Dual-Port Mode  Notes (1), (2)
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Notes to Figure 2-19:

(1)  All registers shown except the rden register have asynchronous clear ports.

(2) Violating the setup or hold time on the address registers could corrupt the memory contents. This applies to both
read and write operations.
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Global Clock Network and Phase-Locked Loops

Single-Port Mode

The M4K memory blocks also support single-port mode, used when
simultaneous reads and writes are not required. See Figure 2-21. A single
M4K memory block can support up to two single-port mode RAM blocks
if each RAM block is less than or equal to 2K bits in size.

Figure 2-21. Single-Port Mode  Note (1)
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Note to Figure 2-21:
(1) Violating the setup or hold time on the address registers could corrupt the memory contents. This applies to both
read and write operations.

Global Clock Cyclone devices provide a global clock network and up to two PLLs for a
complete clock management solution.

Network and

Phase-Locked  Giobal Clock Network

Loo ps There are four dedicated clock pins (CLK [3. . 0], two pins on the left side
and two pins on the right side) that drive the global clock network, as
shown in Figure 2-22. PLL outputs, logic array, and dual-purpose clock
(DPCLK[7..0]) pins can also drive the global clock network.
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Cyclone Device Handbook, Volume 1

The eight global clock lines in the global clock network drive throughout
the entire device. The global clock network can provide clocks for all
resources within the device—IOEs, LEs, and memory blocks. The global
clock lines can also be used for control signals, such as clock enables and
synchronous or asynchronous clears fed from the external pin, or DQS
signals for DDR SDRAM or FCRAM interfaces. Internal logic can also
drive the global clock network for internally generated global clocks and
asynchronous clears, clock enables, or other control signals with large
fanout. Figure 2-22 shows the various sources that drive the global clock
network.

Figure 2-22. Global Clock Generation  Nofe (1)
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Notes to Figure 2-22:

(1) The EP1C3 device in the 100-pin TQFP package has five DPCLK pins (DPCLK2, DPCLK3, DPCLK4, DPCLK6, and
DPCLK7).

(2) EP1C3 devices only contain one PLL (PLL 1).

(3) The EP1C3 device in the 100-pin TQFP package does not have dedicated clock pins CLK1 and CLK3.
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Global Clock Network and Phase-Locked Loops

Dual-Purpose Clock Pins

Each Cyclone device except the EP1C3 device has eight dual-purpose
clock pins, DPCLK[7. . 0] (two on each I/O bank). EP1C3 devices have
five DPCLK pins in the 100-pin TQFP package. These dual-purpose pins
can connect to the global clock network (see Figure 2-22) for high-fanout
control signals such as clocks, asynchronous clears, presets, and clock
enables, or protocol control signals such as TRDY and IRDY for PCI, or
DQS signals for external memory interfaces.

Combined Resources

Each Cyclone device contains eight distinct dedicated clocking resources.
The device uses multiplexers with these clocks to form six-bit buses to
drive LAB row clocks, column IOE clocks, or row IOE clocks. See
Figure 2-23. Another multiplexer at the LAB level selects two of the six
LAB row clocks to feed the LE registers within the LAB.

Figure 2-23. Global Clock Network Multiplexers
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IOE clocks have row and column block regions. Six of the eight global
clock resources feed to these row and column regions. Figure 2-24 shows
the I/O clock regions.
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Figure 2-24. 1/0 Clock Regions
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Cyclone PLLs provide general-purpose clocking with clock
multiplication and phase shifting as well as outputs for differential I/O
support. Cyclone devices contain two PLLs, except for the EP1C3 device,
which contains one PLL.
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does not have dedicated clock output pins. The EP1C6 device in the
144-pin TQFP package only supports dedicated clock outputs from
PLL 1.

Clock Feedbhack

Cyclone PLLs have three modes for multiplication and/or phase shifting:

B Zero delay buffer mode—The external clock output pin is phase-
aligned with the clock input pin for zero delay.

B Normal mode—¥ the design uses an internal PLL clock output, the
normal mode compensates for the internal clock delay from the input
clock pin to the IOE registers. The external clock output pin is phase
shifted with respect to the clock input pin if connected in this mode.
You defines which internal clock output from the PLL should be
phase-aligned to compensate for internal clock delay.

B No compensation mode—In this mode, the PLL will not compensate
for any clock networks.

Phase Shifting

Cyclone PLLs have an advanced clock shift capability that enables
programmable phase shifts. You can enter a phase shift (in degrees or
time units) for each PLL clock output port or for all outputs together in
one shift. You can perform phase shifting in time units with a resolution
range of 125 to 250 ps. The finest resolution equals one eighth of the VCO
period. The VCO period is a function of the frequency input and the
multiplication and division factors. Each clock output counter can choose
a different phase of the VCO period from up to eight taps. You can use this
clock output counter along with an initial setting on the post-scale
counter to achieve a phase-shift range for the entire period of the output
clock. The phase tap feedback to the m counter can shift all outputs to a
single phase. The Quartus II software automatically sets the phase taps
and counter settings according to the phase shift entered.

Lock Detect Signal

The lock output indicates that there is a stable clock output signal in
phase with the reference clock. Without any additional circuitry, the lock
signal may toggle as the PLL begins tracking the reference clock.
Therefore, you may need to gate the lock signal for use as a
system-control signal. For correct operation of the lock circuit below

-20 C, fin/n > 200 MHz.
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Figure 2-27. Cyclone IOE Structure
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Note to Figure 2-27:
(1) There are two paths available for combinatorial inputs to the logic array. Each path
contains a unique programmable delay chain.

The IOEs are located in I/O blocks around the periphery of the Cyclone
device. There are up to three IOEs per row I/O block and up to three IOEs
per column I/O block (column I/O blocks span two columns). The row
1/0 blocks drive row, column, or direct link interconnects. The column
I/0 blocks drive column interconnects. Figure 2-28 shows how a row
I/0 block connects to the logic array. Figure 2-29 shows how a column
I/0 block connects to the logic array.
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1/0 Structure

Figure 2-28. Row I/0 Block Connection to the Interconnect
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Notes to Figure 2-28:

(1) The 21 data and control signals consist of three data out lines, io_dataout[2..0], three output enables,
io coe[2..0], threeinputclock enables, io _cce in[2..0], three output clock enables, io_cce out[2..0],
three clocks, io_cclk([2..0], three asynchronous clear signals, io_caclr[2..0], and three synchronous clear
signals, io_csclr[2..0].

(2) Each of the three IOEs in the row I/O block can have one io_datain input (combinatorial or registered) and one
comb_io datain (combinatorial) input.
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1/0 Structure

The pin's datain signals can drive the logic array. The logic array drives
the control and data signals, providing a flexible routing resource. The
row or column IOE clocks, 1o _clk[5..0], provide a dedicated routing
resource for low-skew, high-speed clocks. The global clock network
generates the IOE clocks that feed the row or column I/O regions (see
“Global Clock Network and Phase-Locked Loops” on page 2-29).
Figure 2-30 illustrates the signal paths through the I/O block.

Figure 2-30. Signal Path through the 1/0 Block
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Each IOE contains its own control signal selection for the following
control signals: oe, ce_in, ce _out, aclr/preset, sclr/preset,
clk in,and clk_out. Figure 2-31 illustrates the control signal
selection.
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2-46

to automatically minimize setup time while providing a zero hold time.
Programmable delays can increase the register-to-pin delays for output
registers. Table 2-9 shows the programmable delays for Cyclone devices.

Table 2-9. Cyclone Programmable Delay Chain

Programmable Delays Quartus Il Logic Option
Input pin to logic array delay Decrease input delay to internal cells
Input pin to input register delay Decrease input delay to input registers
Output pin delay Increase delay to output pin

There are two paths in the IOE for a combinatorial input to reach the logic
array. Each of the two paths can have a different delay. This allows you
adjust delays from the pin to internal LE registers that reside in two
different areas of the device. The designer sets the two combinatorial
input delays by selecting different delays for two different paths under
the Decrease input delay to internal cells logic option in the Quartus II
software. When the input signal requires two different delays for the
combinatorial input, the input register in the IOE is no longer available.

The IOE registers in Cyclone devices share the same source for clear or
preset. The designer can program preset or clear for each individual IOE.
The designer can also program the registers to power up high or low after
configuration is complete. If programmed to power up low, an
asynchronous clear can control the registers. If programmed to power up
high, an asynchronous preset can control the registers. This feature
prevents the inadvertent activation of another device's active-low input
upon power up. If one register in an IOE uses a preset or clear signal then
all registers in the IOE must use that same signal if they require preset or
clear. Additionally a synchronous reset signal is available to the designer
for the IOE registers.

External RAM Interfacing

Cyclone devices support DDR SDRAM and FCRAM interfaces at up to
133 MHz through dedicated circuitry.

DDR SDRAM and FCRAM

Cyclone devices have dedicated circuitry for interfacing with DDR
SDRAM. All I/O banks support DDR SDRAM and FCRAM 1/0 pins.
However, the configuration input pins in bank 1 must operate at 2.5 V
because the SSTL-2 Vo level is 2.5 V. Additionally, the configuration

Altera Corporation
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1/0 Structure

output pins (nSTATUS and CONF_DONE) and all the JTAG pins inI/O
bank 3 must operate at 2.5 V because the Vo level of SSTL-2is 2.5 V.
I/Obanks 1, 2, 3, and 4 support DQS signals with DQ bus modes of x 8.

For x 8 mode, there are up to eight groups of programmable DQS and DQ
pins, I/O banks 1, 2, 3, and 4 each have two groups in the 324-pin and
400-pin FineLine BGA packages. Each group consists of one DQS pin, a
set of eight DQ pins, and one DM pin (see Figure 2-33). Each DQS pin
drives the set of eight DQ pins within that group.

Figure 2-33. Cyclone Device DQ and DQS Groups in x8 Mode Note (1)
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(1)  Each DQ group consists of one DQS pin, eight DQ pins, and one DM pin.

DM Pin

Table 2-10 shows the number of DQ pin groups per device.

Table 2-10. DQ Pin Groups (Part 1 of 2)

. Numberof x8D Total DQ Pin
Device Package Pin Groups ‘ 00u2t
EP1C3 100-pin TQFP (1) 3 24
144-pin TQFP 4 32
EP1C4 324-pin FineLine BGA 8 64
400-pin FineLine BGA 8 64
Altera Corporation 2-47
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Timing Model

Typically, the user-mode current during device operation is lower than
the power-up current in Table 4-17. Altera recommends using the
Cyclone Power Calculator, available on the Altera web site, to estimate
the user-mode Iyt consumption and then select power supplies or
regulators based on the higher value.

Timi ng M odel The DirectDrive technology and MultiTrack interconnect ensure
predictable performance, accurate simulation, and accurate timing
analysis across all Cyclone device densities and speed grades. This
section describes and specifies the performance, internal, external, and
PLL timing specifications.

All specifications are representative of worst-case supply voltage and
junction temperature conditions.

Preliminary and Final Timing

Timing models can have either preliminary or final status. The
Quartus® II software issues an informational message during the design
compilation if the timing models are preliminary. Table 4-18 shows the
status of the Cyclone device timing models.

Preliminary status means the timing model is subject to change. Initially,
timing numbers are created using simulation results, process data, and
other known parameters. These tests are used to make the preliminary
numbers as close to the actual timing parameters as possible.

Final timing numbers are based on actual device operation and testing.
These numbers reflect the actual performance of the device under
worst-case voltage and junction temperature conditions.

Table 4-18. Cyclone Device Timing Model Status

Device Preliminary Final
EP1C3 —

EP1C4 —

EP1C6 —
EP1C12 —

EP1C20 —

ANENANANAN
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Table 4-20. Cyclone Device Performance

Resources Used Performance
Resource | Design Sizeand | . . M4K M4K | -6Speed | -7 Speed | -8 Speed
Used Function LEs | Memory | Memory | Grade | Grade | Grade
Bits | Blocks | (MHz) | (MHz) | (MHz)
M4K RAM 128 x 36 bit | Single port | — 4,608 1 256.00 | 222.67 | 197.01
g:er';ory RAM 128 x 36 bit | Simple — 4,608 1 255.95 | 22267 | 196.97
oc dual-port
mode
RAM 256 x 18 bit | True dual- — 4,608 1 255.95 | 22267 | 196.97
port mode
FIFO 128 x 36 bit — 40 4,608 1 256.02 | 222.67 | 197.01
Shift register Shift 11 4,536 1 255.95 | 22267 | 196.97
9x4x128 register

Note to Table 4-20:
(1) The performance numbers for this function are from an EP1C6 device in a 240-pin PQFP package.

Internal Timing Parameters

Internal timing parameters are specified on a speed grade basis
independent of device density. Tables 4-21 through 4-24 describe the
Cyclone device internal timing microparameters for LEs, IOEs, M4K
memory structures, and MultiTrack interconnects.

Table 4-21. LE Internal Timing Microparameter Descriptions

Symbol

Parameter

tsu

LE register setup time before clock

ty

LE register hold time after clock

tco

LE register clock-to-output delay

tLur

LE combinatorial LUT delay for data-in to data-out

teLr

Minimum clear pulse width

trre

Minimum preset pulse width

toLkHL

Minimum clock high or low time

Altera Corporation

May 2008

4-11




Cyclone Device Handbook, Volume 1

Figure 4-2. External Timing in Cyclone Devices
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All external I/O timing parameters shown are for 3.3-V LVTTL I/O
standard with the maximum current strength and fast slew rate. For
external I/O timing using standards other than LVTTL or for different
current strengths, use the I/O standard input and output delay adders in

Tables 4-40 through 4-44.

Table 4-29 shows the external I/O timing parameters when using global

clock networks.

Table 4-29. Cyclone Global Clock External I/0 Timing Parameters

Notes (1), (2) (Part10f2)

Symbol Parameter Conditions
tinsu Setup time for input or bidirectional pin using IOE input —
register with global clock fed by CLK pin
tinH Hold time for input or bidirectional pin using IOE input —
register with global clock fed by CLK pin
toutco Clock-to-output delay output or bidirectional pin using IOE | C oap = 10 pF
output register with global clock fed by CLK pin
tiNsuPLL Setup time for input or bidirectional pin using IOE input —
register with global clock fed by Enhanced PLL with default
phase setting
tINHPLL Hold time for input or bidirectional pin using IOE input —
register with global clock fed by enhanced PLL with default
phase setting
4-16 Altera Corporation
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Tables 4-32 through 4-33 show the external timing parameters on column
and row pins for EP1C4 devices.

Table 4-32. EP1C4 Column Pin Global Clock External I/0 Timing

Parameters Note (1)

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.471 — 2.841 — 3.210 — ns
tinm 0.000 — 0.000 — 0.000 — ns
toutco 2.000 | 3.937 | 2.000 | 4.526 | 2.000 | 5.119 ns
tiNnsuPLL 1.471 — 1.690 — 1.910 — ns
tNHPLL 0.000 — 0.000 — 0.000 — ns
toutcopLL | 0.500 | 2.080 | 0.500 | 2.392 | 0.500 | 2.705 ns
Table 4-33. EP1C4 Row Pin Global Clock External I/0 Timing
Parameters Note (1)
-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.600 —  |2.990 — |8.379 — ns
tinm 0.000 — |0.000 — | 0.000 — ns
toutco 2.000 [3.991 |[2.000 [4.388 |2.000 |5.189 ns
tinsupPLL 1.300 — 1.494 — 1.689 — ns
tNHPLL 0.000 — 0.000 — 0.000 — ns
toutcopLL |0.500 |2.234 |0.500 |[2.569 [0.500 |2.905 ns
Note to Tables 4-32 and 4-33:
(1)  Contact Altera Applications for EP1C4 device timing parameters.
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Tables 4-34 through 4-35 show the external timing parameters on column
and row pins for EP1C6 devices.

Table 4-34. EP1C6 Column Pin Global Clock External I/0 Timing Parameters

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.691 — 3.094 — 3.496 — ns
tinu 0.000 — 0.000 — 0.000 — ns
toutco 2.000 | 3917 | 2.000 | 4.503 | 2.000 | 5.093 ns
tinsupLL 1.513 — 1.739 — 1.964 — ns
tiNHPLL 0.000 — 0.000 — 0.000 — ns
toutcopLL | 0.500 | 2.038 | 0.500 | 2.343 | 0.500 | 2.651 ns

Table 4-35. EP1C6 Row Pin Global Clock External I/0 Timing Parameters

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.774 —  |3.190 — |3.605 — ns
tinu 0.000 — |0.000 — ]0.000 — ns
toutco 2.000 |[3.817 |2.000 [4.388 |[2.000 |4.963 ns
tinsupLL | 1.596 — |1.835 — |2.073 — ns
tiNHPLL 0.000 — |0.000 — ]0.000 — ns
toutcopLL |0.500 |1.938 |0.500 |[2.228 |0.500 |2.521 ns

Tables 4-36 through 4-37 show the external timing parameters on column
and row pins for EP1C12 devices.

Table 4-36. EP1G12 Column Pin Global Clock External I/0 Timing
Parameters (Part 1 of 2)

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max
tinsu 2.510 — 2.885 — 3.259 — ns
tinH 0.000 — 0.000 — 0.000 — ns
tOutco 2.000 | 3.798 | 2.000 | 4.367 | 2.000 | 4.940 ns
thSUPLL 1.588 —_— 1.824 — 2.061 — ns
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