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Figure 2-5. Cyclone LE
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Each LE's programmable register can be configured for D, T, JK, or SR
operation. Each register has data, true asynchronous load data, clock,
clock enable, clear, and asynchronous load/preset inputs. Global signals,
general-purpose I/O pins, or any internal logic can drive the register's
clock and clear control signals. Either general-purpose I/O pins or
internal logic can drive the clock enable, preset, asynchronous load, and
asynchronous data. The asynchronous load data input comes from the
data3 input of the LE. For combinatorial functions, the LUT output
bypasses the register and drives directly to the LE outputs.

Each LE has three outputs that drive the local, row, and column routing
resources. The LUT or register output can drive these three outputs
independently. Two LE outputs drive column or row and direct link
routing connections and one drives local interconnect resources. This
allows the LUT to drive one output while the register drives another
output. This feature, called register packing, improves device utilization
because the device can use the register and the LUT for unrelated
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Figure 2-11. C4 Interconnect Connections  Note (1)
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Note to Figure 2-11:
(1)  Each C4 interconnect can drive either up or down four rows.
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Embedded
Memory
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The Cyclone embedded memory consists of columns of M4K memory
blocks. EP1C3 and EP1C6 devices have one column of M4K blocks, while
EP1C12 and EP1C20 devices have two columns (refer to Table 1-1 on
page 1-1 for total RAM bits per density). Each M4K block can implement
various types of memory with or without parity, including true dual-port,
simple dual-port, and single-port RAM, ROM, and FIFO buffers. The
M4K blocks support the following features:

4,608 RAM bits

250 MHz performance
True dual-port memory
Simple dual-port memory
Single-port memory
Byte enable

Parity bits

Shift register

FIFO buffer

ROM

Mixed clock mode

F
t“[’:

Violating the setup or hold time on the address registers could
corrupt the memory contents. This applies to both read and
write operations.

Memory Modes

The M4K memory blocks include input registers that synchronize writes
and output registers to pipeline designs and improve system
performance. M4K blocks offer a true dual-port mode to support any
combination of two-port operations: two reads, two writes, or one read
and one write at two different clock frequencies. Figure 2-12 shows true
dual-port memory.

Figure 2-12. True Dual-Port Memory Configuration
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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.

Altera Corporation 2-23
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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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Global Clock Network and Phase-Locked Loops

Table 2—-6 shows the PLL features in Cyclone devices. Figure 2-25 shows

a Cyclone PLL.

Table 2-6. Cyclone PLL Features

Feature

PLL Support

Clock multiplication and division

m/(n x post-scale counter) (1)

Phase shift

Down to 125-ps increments (2), (3)

Programmable duty cycle

Yes

Number of internal clock outputs

2

Number of external clock outputs

One differential or one single-ended (4)

Notes to Table 2-6:

(1) The m counter ranges from 2 to 32. The 1 counter and the post-scale counters

range from 1 to 32.

(2) The smallest phase shift is determined by the voltage-controlled oscillator (VCO)

period divided by 8.

(3)  For degree increments, Cyclone devices can shift all output frequencies in
increments of 45°. Smaller degree increments are possible depending on the

frequency and divide parameters.

(4) The EP1C3 device in the 100-pin TQFP package does not support external clock
output. The EP1C6 device in the 144-pin TQFP package does not support external

clock output from PLL2.

Figure 2-25. Cyclone PLL  Note (1)
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Notes to Figure 2-25:

1/0 buffer

(1) The EP1C3 device in the 100-pin TQFP package does not support external outputs or LVDS inputs. The EP1C6
device in the 144-pin TQFP package does not support external output from PLL2.

(2) LVDSinputis supported via the secondary function of the dedicated clock pins. For PLL 1, the CLKO pin’s secondary
function is LVDSCLK1p and the CLK1 pin’s secondary function is LvDSCLK1n. For PLL 2, the CLK2 pin’s secondary
function is LVDSCLK2p and the CLK3 pin’s secondary function is LVDSCLK2n.

(3) PED: phase frequency detector.

Altera Corporation
May 2008
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Programmable Duty Cycle

The programmable duty cycle allows PLLs to generate clock outputs with
a variable duty cycle. This feature is supported on each PLL post-scale
counter (g0, g1, e). The duty cycle setting is achieved by a low- and
high-time count setting for the post-scale dividers. The Quartus II
software uses the frequency input and the required multiply or divide
rate to determine the duty cycle choices.

Control Signals

There are three control signals for clearing and enabling PLLs and their
outputs. You can use these signals to control PLL resynchronization and
the ability to gate PLL output clocks for low-power applications.

The pllenable signal enables and disables PLLs. When thepllenable
signal is low, the clock output ports are driven by ground and all the PLLs
go out of lock. When the pllenable signal goes high again, the PLLs
relock and resynchronize to the input clocks. An input pin or LE output
can drive the pllenable signal.

The areset signals are reset/resynchronization inputs for each PLL.
Cyclone devices can drive these input signals from input pins or from
LEs. When areset is driven high, the PLL counters will reset, clearing
the PLL output and placing the PLL out of lock. When driven low again,
the PLL will resynchronize to its input as it relocks.

The pfdena signals control the phase frequency detector (PFD) output
with a programmable gate. If you disable the PFD, the VCO will operate
at its last set value of control voltage and frequency with some drift, and
the system will continue running when the PLL goes out of lock or the
input clock disables. By maintaining the last locked frequency, the system
has time to store its current settings before shutting down. You can either
use their own control signal or gated locked status signals to trigger the
pfdena signal.

eo For more information about Cyclone PLLs, refer to Using PLLs in Cyclone
Devices chapter in the Cyclone Device Handbook.

2-38 Altera Corporation
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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

Figure 2-34. DDR SDRAM and FCRAM Interfacing
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Programmable Drive Strength

The output buffer for each Cyclone device I/O pin has a programmable
drive strength control for certain I/O standards. The LVTTL and
LVCMOS standards have several levels of drive strength that the designer
can control. SSTL-3 class I and II, and SSTL-2 class I and II support a
minimum setting, the lowest drive strength that guarantees the Ioy/IoL
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Slew-Rate Control

The output buffer for each Cyclone device I/O pin has a programmable
output slew-rate control that can be configured for low noise or
high-speed performance. A faster slew rate provides high-speed
transitions for high-performance systems. However, these fast transitions
may introduce noise transients into the system. A slow slew rate reduces
system noise, but adds a nominal delay to rising and falling edges. Each
I/0 pin has an individual slew-rate control, allowing the designer to
specify the slew rate on a pin-by-pin basis. The slew-rate control affects
both the rising and falling edges.

Bus Hold

Each Cyclone device I/O pin provides an optional bus-hold feature. The
bus-hold circuitry can hold the signal on an I/0 pin at its last-driven
state. Since the bus-hold feature holds the last-driven state of the pin until
the next input signal is present, an external pull-up or pull-down resistor
is not necessary to hold a signal level when the bus is tri-stated.

The bus-hold circuitry also pulls undriven pins away from the input
threshold voltage where noise can cause unintended high-frequency
switching. The designer can select this feature individually for each I/O
pin. The bus-hold output will drive no higher than V¢ to prevent
overdriving signals. If the bus-hold feature is enabled, the device cannot
use the programmable pull-up option. Disable the bus-hold feature when
the I/O pin is configured for differential signals.

The bus-hold circuitry uses a resistor with a nominal resistance (RBH) of
approximately 7 kQto pull the signal level to the last-driven state.

Table 4-15 on page 4-6 gives the specific sustaining current for each
Vcio voltage level driven through this resistor and overdrive current
used to identify the next-driven input level.

The bus-hold circuitry is only active after configuration. When going into
user mode, the bus-hold circuit captures the value on the pin present at
the end of configuration.

Programmable Pull-Up Resistor

Each Cyclone device I/O pin provides an optional programmable
pull-up resistor during user mode. If the designer enables this feature for
an I/0 pin, the pull-up resistor (typically 25 k<) holds the output to the
Vccio level of the output pin's bank. Dedicated clock pins do not have the
optional programmable pull-up resistor.

2-51



Cyclone Device Handbook, Volume 1

Referenced This chapter references the following document:
Documents B Using PLLs in Cyclone Devices chapter in the Cyclone Device Handbook
Document Table 2-15 shows the revision history for this chapter.

Revision History

Table 2-15. Document Revision History

Date and
Document Changes Made Summary of Changes
Version
May 2008 Minor textual and style changes. Added “Referenced —
v1.6 Documents” section.
January 2007 e Added document revision history. —
v1.5 e Updated Figures 2—-17, 2-18, 2—-19, 2-20, 2-21, and 2-32.
August 2005 Minor updates. —
vi4

February 2005 |e Updated JTAG chain limits. Added test vector information. —

v1.3 Corrected Figure 2-12.

e Added a note to Tables 2-17 through 2-21 regarding violating
the setup or hold time.

October 2003 e Updated phase shift information. —

v1.2 o Added 64-bit PCI support information.
September Updated LVDS data rates to 640 Mbps from 311 Mbps. —
2003 v1.1

May 2003 v1.0 | Added document to Cyclone Device Handbook. —
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Table 4-8. 1.5-V I/0 Specifications

Symbol Parameter Conditions Minimum | Maximum Unit
Veeio Output supply voltage 1.4 1.6 \Y
Viy High-level input voltage 0.65 x Veeio +0.3 \Y

Vecio (12)
Vi Low-level input voltage -0.3 0.35 x \Y
Vecio
Vor High-level output voltage lon=—-2mA (11) 0.75 x — \
Vecio
VoL Low-level output voltage loo=2mA (11) — 0.25 x \Y
Vecio
Table 4-9. 2.5-V LVDS 1/0 Specifications  Note (13)
Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Vecio 1/0 supply voltage — 2.375 25 2.625 \
Vop Differential output voltage | R, =100 Q 250 — 550 mV
AVop Change in Vgp between R =100 Q — — 50 mV
high and low

Vos Output offset voltage R =100 Q 1.125 1.25 1.375 \

AVos Change in Vg between R. =100 Q — — 50 mV
high and low

\m Differential input threshold | Vgy=1.2V -100 — 100 mV

Vin Receiver input voltage — 0.0 — 2.4 \
range

R, Receiver differential input — 90 100 110 Q
resistor

Table 4-10. 3.3-V PCI Specifications (Part 1 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum | Unit
Veeio Output supply voltage — 3.0 3.3 3.6 \Y
Viy High-level input voltage — 0.5 x — Veeio + \

Vecio 0.5
Vi Low-level input voltage — -0.5 — 0.3 x \
Vecio
4-4 Altera Corporation
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Table 4-13. SSTL-3 Class | Specifications (Part 2 of 2)

Symbol Parameter Conditions Minimum | Typical | Maximum Unit
VRer Reference voltage — 1.3 15 1.7
ViH High-level input voltage — Vgeg +0.2 — Veeio +0.3
Vi Low-level input voltage — -0.3 — Vger — 0.2 \
Vou High-level output voltage | lopy=-8 mA (11)| Vit +0.6 — — \
VoL Low-level output voltage lo,=8mA (11) — — Vi1 - 0.6 \Y

Table 4-14. SSTL-3 Class Il Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum Unit
Veeio Output supply voltage — 3.0 3.3 3.6 \Y
Vi1 Termination voltage — Vger —0.05 VREer Vger + 0.05
VRer Reference voltage — 1.3 15 1.7 \Y
Vi{ High-level input voltage — Vger +0.2 — Veeio + 0.3 \Y
Vi Low-level input voltage — -0.3 — Vger — 0.2 \
Vou High-level output voltage loh =—16 mMA Vi1 +0.8 — — \%

(11)
VoL Low-level output voltage lo=16 mA (11) — — Vi1-0.8 \

Table 4-15. Bus Hold Parameters

V¢cio Level
Parameter | Conditions 1.5V 1.8V 25V 3.3V Unit
Min Max Min Max Min Max Min Max

Low sustaining | V\y > V), — — 30 — 50 — 70 — UA
current (maximum)

High sustaining | Viy < Viy — — -30 — -50 — -70 — UA
current (minimum)

Low overdrive [0V <V|y< — — — 200 — 300 — 500 uA
current Veeio

High overdrive |0V < V) < — — — —-200 — -300 — -500 UA
current Veeio
4-6 Altera Corporation
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Table 4-27. M4K Block Internal Timing Microparameters

-6 -1 -8
Symbol Unit
Min | Max | Min | Max | Min Max
tmakre — 4,379 5,035 5,691 | ps
tmakwe — 2,910 3,346 3,783 ps
tmakwERESU 72 — 82 — 93 — ps
tmakwereH 43 — 49 — 55 — ps
tmakeeESU 72 — 82 — 93 — ps
tmakseH 43 — 49 — 55 — ps
tmakpaTAASU 72 — 82 — 93 — ps
tmakpaTAAH 43 — 49 — 55 — ps
tmakaDDRASU 72 — 82 — 93 — ps
tmakADDRAH 43 — 49 — 55 — ps
tmakoaTABSU 72 — 82 — 93 — ps
tmakpATABH 43 — 49 — 55 — ps
tmakapDRBSU 72 — 82 — 93 — ps
tmakaDDRBH 43 — 49 — 55 — ps
tmakoaTACOT — 621 — 714 — 807 | ps
tmakpaTACO2 — 4,351 — 5,003 — 5,656 | ps
IMAKCLKHL 1,234 — 1,562 — 1,818 — ps
tuaKoLR 286 | — | 828 | — | 371 | — | ps
Table 4-28. Routing Delay Internal Timing Microparameters
-6 -1 -8
Symbol Unit
Min | Max | Min | Max | Min Max
tha — | 261 — [ 300 | — | 339 | ps
tos — |38 | — [ 388 | — | 439 | ps
tLocaL — 244 — 281 — 318 ps

External Timing Parameters

External timing parameters are specified by device density and speed
grade. Figure 4-2 shows the timing model for bidirectional IOE pin
timing. All registers are within the IOE.
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Table 4-39. EP1C20 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 2.417 — 2.779 — 3.140 — ns
tinu 0.000 — 0.000 — 0.000 — ns
toutco 2.000 | 3.724 | 2.000 | 4.282 | 2.000 | 4.843 ns
tyz — 3.645 — 4.191 — 4.740 ns
trx — 3.645 — 4.191 — 4.740 ns
tinsupLL 1.417 — 1.629 — 1.840 — ns
tiNHPLL 0.000 — 0.000 — 0.000 — ns
toutcopLL | 0.500 | 1.667 | 0.500 | 1.917 | 0.500 | 2.169 ns
txzpLL — 1.588 — 1.826 — 2.066 ns
tzxpLL — 1.588 — 1.826 — 2.066 ns

External I/0 Delay Parameters

External I/O delay timing parameters for I/O standard input and output
adders and programmable input and output delays are specified by
speed grade independent of device density.

Tables 4-40 through 4-45 show the adder delays associated with column
and row I/0O pins for all packages. If an I/O standard is selected other
than LVTTL 4 mA with a fast slew rate, add the selected delay to the
external tco and tgy I/O parameters shown in Tables 4-25 through

4-28.

Table 4-40. Cyclone I/0 Standard Column Pin Input Delay Adders (Part 1 of 2)

-6 Speed Grade -7 Speed Grade -8 Speed Grade
1/0 Standard Unit
Min Max Min Max Min Max
LVCMOS — 0 — 0 — 0 ps
3.3-VLVTTL — 0 — 0 — 0 ps
2.5-V LVTTL — 27 — 31 — 35 ps
1.8-V LVTTL — 182 — 209 — 236 ps
1.5-V LVTTL — 278 — 319 — 361 ps
SSTL-3class | — -250 — —288 — -325 ps
SSTL-3 class Il — -250 — -288 — -325 ps
SSTL-2 class | — -278 — -320 — -362 ps
Altera Corporation 4-21
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Tahle 4-43. Cyclone I/0 Standard Output Delay Adders for Fast Slew Rate on Row Pins (Part 2 of 2)

-6 Speed Grade -7 Speed Grade -8 Speed Grade
Standard Unit

Min Max Min Max Min Max
1.8-VLVTTL |2mA — 1,290 — 1,483 — 1,677 ps
8 mA — 4 — 4 — 5 ps
12 mA — -208 — 240 — -271 ps
1.5-VLVTTL |2mA — 2,288 — 2,631 — 2,974 ps
4 mA — 608 — 699 — 790 ps
8 mA — 292 — 335 — 379 ps
3.3-VPCI (1) — -877 — -1,009 — -1,141 ps
SSTL-3 class | — -410 — —472 — -533 ps
SSTL-3 class Il — -811 — -933 — -1,055 ps
SSTL-2 class | — —485 — -558 — —631 ps
SSTL-2 class Il — -758 — -872 — -986 ps
LVDS — -998 — -1,148 — -1,298 ps

Tahle 4-44. Cyclone 1/0 Standard Output Delay Adders for Slow Slew Rate on Column Pins (Part 1 of 2)

-6 Speed Grade -7 Speed Grade -8 Speed Grade
1/0 Standard Unit
Min Max Min Max Min Max
LVCMOS 2mA — 1,800 — 2,070 — 2,340 ps
4mA — 1,311 — 1,507 — 1,704 ps
8 mA — 945 — 1,086 — 1,228 ps
12 mA — 807 — 928 — 1,049 ps
3.3-VLVTTL |4mA — 1,831 — 2,105 — 2,380 ps
8 mA — 1,484 — 1,705 — 1,928 ps
12 mA — 973 — 1,118 — 1,264 ps
16 mA — 1,012 — 1,163 — 1,315 ps
24 mA — 838 — 963 — 1,089 ps
25-VLVTTL [2mA — 2,747 — 3,158 — 3,570 ps
8 mA — 1,757 — 2,019 — 2,283 ps
12 mA — 1,763 — 2,026 — 2,291 ps
16 mA — 1,623 — 1,865 — 2,109 ps
1.8-VLVTTL [2mA — 5,506 — 6,331 — 7,157 ps
8 mA — 4,220 — 4,852 — 5,485 ps
12 mA — 4,008 — 4,608 — 5,209 ps

4-24
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Table 4-52. Cyclone PLL Specifications (Part 2 of 2)

Symbol Parameter Min Max Unit

fouT (to global clock) PLL output frequency 15.625 405 MHz
(-6 speed grade)
PLL output frequency 15.625 320 MHz
(-7 speed grade)
PLL output frequency 15.625 275 MHz
(-8 speed grade)

tout DUTY Duty cycle for external clock 45.00 55 %
output (when set to 50%)

tyrrer (1) Period jitter for external clock — +300 (2) ps
output

tLock (3) Time required to lock from end 10.00 100 us
of device configuration

fuco PLL internal VCO operating 500.00 1,000 MHz
range

- Minimum areset time 10 — ns

N, GO, G1, E Counter values 1 32 integer

Notes to Table 4-52:

(1)  The tyrrrer specification for the PLL[2. . 1] _OUT pins are dependent on the I/O pins in its Vo bank, how many
of them are switching outputs, how much they toggle, and whether or not they use programmable current strength

or slow slew rate.

(2)  four 2100 MHz. When the PLL external clock output frequency (foyr) is smaller than 100 MHz, the jitter

specification is 60 mUIL

(3)  fin/nmust be greater than 200 MHz to ensure correct lock detect circuit operation below —20 C. Otherwise, the PLL
operates with the specified parameters under the specified conditions.
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July 2003 Updated timing information. Timing finalized for EP1C6 and —
vi.A EP1C20 devices. Updated performance information. Added PLL
Timing section.
May 2003 Added document to Cyclone Device Handbook. —
v1.0
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Figure 5-1. Cyclone Device Packaging Ordering Information

ﬁ EP1C 20 F 400 c 7 ES ﬁ

Family Signature Optional Suffix
EP1C: Cyclone Indicates specific device options or
shipment method.
ES: Engineering sample
Device Type
3 Speed Grade
4
6 6, 7, or 8, with 6 being the fastest
12
20
Operating Temperature
Package Type C: Commercial temperature (t; = 0° C to 85° C)

I:  Industrial temperature (t; = -40° C to 100° C)
T: Thin quad flat pack (TQFP)

Q: Plastic quad flat pack (PQFP) Pin Count

F: FineLine BGA . .
Number of pins for a particular package

Referenced This chapter references the following documents:
Documents B Package Information for Cyclone Devices chapter in the Cyclone Device
Handbook

B Quartus Il Handbook

Document Table 5-1 shows the revision history for this chapter.
Yy p
Revision Historv

Table 5-1. Document Revision History

Date and
Document Changes Made Summary of Changes
Version
May 2008 Minor textual and style changes. Added “Referenced —_
vi4 Documents” section.
January 2007 Added document revision history. —_
v1.3
August 2005 Minor updates. —
vi.2
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