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Logic Elements

With the LAB-wide addnsub control signal, a single LE can implement a
one-bit adder and subtractor. This saves LE resources and improves
performance for logic functions such as DSP correlators and signed
multipliers that alternate between addition and subtraction depending
on data.

The LAB row clocks [5..0] and LAB local interconnect generate the
LAB-wide control signals. The MultiTrack™ interconnect's inherent low
skew allows clock and control signal distribution in addition to data.
Figure 2-4 shows the LAB control signal generation circuit.

Figure 2-4. LAB-Wide Control Signals
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The smallest unit of logic in the Cyclone architecture, the LE, is compact
and provides advanced features with efficient logic utilization. Each LE
contains a four-input LUT, which is a function generator that can
implement any function of four variables. In addition, each LE contains a
programmable register and carry chain with carry select capability. A
single LE also supports dynamic single bit addition or subtraction mode
selectable by a LAB-wide control signal. Each LE drives all types of
interconnects: local, row, column, LUT chain, register chain, and direct
link interconnects. See Figure 2-5.
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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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(1)  Each C4 interconnect can drive either up or down four rows.
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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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Row IOE — — — v N4 v _ — — — —
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In addition to true dual-port memory, the M4K memory blocks support
simple dual-port and single-port RAM. Simple dual-port memory
supports a simultaneous read and write. Single-port memory supports
non-simultaneous reads and writes. Figure 2-13 shows these different
M4K RAM memory port configurations.

Figure 2-13. Simple Dual-Port and Single-Port Memory Configurations
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Note to Figure 2-13:

(1) Two single-port memory blocks can be implemented in a single M4K block as long
as each of the two independent block sizes is equal to or less than half of the M4K
block size.

The memory blocks also enable mixed-width data ports for reading and
writing to the RAM ports in dual-port RAM configuration. For example,
the memory block can be written in x1 mode at port A and read out in x16
mode from port B.

The Cyclone memory architecture can implement fully synchronous
RAM by registering both the input and output signals to the M4K RAM
block. All M4K memory block inputs are registered, providing
synchronous write cycles. In synchronous operation, the memory block
generates its own self-timed strobe write enable (wren) signal derived
from a global clock. In contrast, a circuit using asynchronous RAM must
generate the RAM wren signal while ensuring its data and address
signals meet setup and hold time specifications relative to the wren
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Embedded Memory

register outputs (number of taps 1 x width w) must be less than the
maximum data width of the M4K RAM block (x36). To create larger shift
registers, multiple memory blocks are cascaded together.

Data is written into each address location at the falling edge of the clock
and read from the address at the rising edge of the clock. The shift register
mode logic automatically controls the positive and negative edge
clocking to shift the data in one clock cycle. Figure 2-14 shows the M4K
memory block in the shift register mode.

Figure 2-14. Shift Register Memory Configuration
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Memory Configuration Sizes

The memory address depths and output widths can be configured as
4,096 x1,2,048 x2,1,024 x 4, 512 x 8 (or 512 x 9 bits), 256 x 16 (or 256 x 18
bits), and 128 x 32 (or 128 x 36 bits). The 128 x 32- or 36-bit configuration
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Figure 2-31. Control Signal Selection per I0E

Dedicated I/O

Clock [5..0]
Local _\| io_coe
Interconnect ]

Local io_csclr
Interconnect
Local io_caclr
Interconnect

]
Local io_cce_out
Interconnect

io_cce_in

Il_c;cal t — clk_out ce_out sclr/preset
nterconnec ]

Local \| io_cclk clk_in ce_in aclr/preset oe
Interconnect

& d

L

In normal bidirectional operation, you can use the input register for input
data requiring fast setup times. The input register can have its own clock
input and clock enable separate from the OE and output registers. The
output register can be used for data requiring fast clock-to-output
performance. The OE register is available for fast clock-to-output enable
timing. The OE and output register share the same clock source and the
same clock enable source from the local interconnect in the associated
LAB, dedicated I/O clocks, or the column and row interconnects.
Figure 2-32 shows the IOE in bidirectional configuration.
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Each I/O bank can support multiple standards with the same Vo for
input and output pins. For example, when V(o is 3.3-V, a bank can
support LVTTL, LVCMOS, 3.3-V PCI, and SSTL-3 for inputs and outputs.

LVDS 1/0 Pins

A subset of pins in all four I/O banks supports LVDS interfacing. These
dual-purpose LVDS pins require an external-resistor network at the
transmitter channels in addition to 100-CQ2 termination resistors on
receiver channels. These pins do not contain dedicated serialization or
deserialization circuitry; therefore, internal logic performs serialization
and deserialization functions.

Table 2-13 shows the total number of supported LVDS channels per
device density.

Table 2-13. Cyclone Device LVDS Channels

Device Pin Count Number of LVDS Channels
EP1C3 100 (1)
144 34
EP1C4 324 103
400 129
EP1C6 144 29
240 72
256 72
EP1C12 240 66
256 72
324 103
EP1C20 324 95
400 129

Note to Table 2-13:
(1) EP1C3 devices in the 100-pin TQFP package do not support the LVDSI/O
standard.

MultiVolt I/0 Interface

The Cyclone architecture supports the MultiVolt I/O interface feature,
which allows Cyclone devices in all packages to interface with systems of
different supply voltages. The devices have one set of V¢ pins for
internal operation and input buffers (Vccnt), and four sets for I/O
output drivers (Vcco)-

Altera Corporation
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Power Sequencing and Hot Socketing

The Cyclone Vet pins must always be connected to a 1.5-V power
supply. If the Vcinr level is 1.5V, then input pins are 1.5-V, 1.8-V, 2.5-V,
and 3.3-V tolerant. The Vo pins can be connected to either a 1.5-V, 1.8-V,
2.5-V, or 3.3-V power supply, depending on the output requirements. The
output levels are compatible with systems of the same voltage as the
power supply (i.e., when Vo pins are connected to a 1.5-V power
supply, the outputlevels are compatible with 1.5-V systems). When V¢io
pins are connected to a 3.3-V power supply, the output high is 3.3-V and
is compatible with 3.3-V or 5.0-V systems. Table 2-14 summarizes
Cyclone MultiVolt I/O support.

Table 2-14. Cyclone MultiVolt I/0 Support  Note (1)

Input Signal Output Signal
Veeio (V)
15V | 1.8V | 25V | 3.3V | 5.0V | 1.5V | 1.8V | 25V | 3.3V | 5.0V
15 N v | volvel — v _ _ _ _
1.8 v v o v |lve|l — (YOI v — — —
2.5 — — v v — vV (5) | v (5) v — _
3.3 — — V@A v NVO| VOOV | VO

Notes to Table 2-14:

@
@

@)
4)

©)
(6)
@)
®

The PCI clamping diode must be disabled to drive an input with voltages higher than V¢cjo.

When Vcjp = 1.5-V or 1.8-V and a 2.5-V or 3.3-V input signal feeds an input pin, higher pin leakage current is
expected. Turn on Allow voltage overdrive for LVTTL / LVCMOS input pins in the Assignments > Device >
Device and Pin Options > Pin Placement tab when a device has this I/O combinations.

When Vo = 1.8-V, a Cyclone device can drive a 1.5-V device with 1.8-V tolerant inputs.

When Ve = 3.3-V and a 2.5-V input signal feeds an input pin, the Vo supply current will be slightly larger
than expected.

When Vo = 2.5-V, a Cyclone device can drive a 1.5-V or 1.8-V device with 2.5-V tolerant inputs.

Cyclone devices can be 5.0-V tolerant with the use of an external resistor and the internal PCI clamp diode.
When V¢jo = 3.3-V, a Cyclone device can drive a 1.5-V, 1.8-V, or 2.5-V device with 3.3-V tolerant inputs.

When Vo = 3.3-V, a Cyclone device can drive a device with 5.0-V LVTTL inputs but not 5.0-V LVCMOS inputs.

Power Because Cyclone devices can be used in a mixed-voltage environment,

they have been designed specifically to tolerate any possible power-up

Se q uencin g an d sequence. Therefore, the Vo and Vcnt power supplies may be
Hot SOCketing powered in any order.

Signals can be driven into Cyclone devices before and during power up
without damaging the device. In addition, Cyclone devices do not drive
out during power up. Once operating conditions are reached and the
device is configured, Cyclone devices operate as specified by the user.

Altera Corporation 2-55
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IEEE Std. 1149.1 (JTAG) Boundary Scan Support

The Cyclone device instruction register length is 10 bits and the
USERCODE register length is 32 bits. Tables 3-2 and 3-3 show the
boundary-scan register length and device IDCODE information for
Cyclone devices.

Table 3-2. Cyclone Boundary-Scan Register Length
Device Boundary-Scan Register Length
EP1C3 339
EP1C4 930
EP1C6 582
EP1C12 774
EP1C20 930

Table 3-3. 32-Bit Cyclone Device IDCODE

IDCODE (32 bits) (7)
Device M i
. . . anufacturer ldentit .
Version (4 Bits) Part Number (16 Bits) : V| LsB (1Bit) (2)
(11 Bits)

EP1C3 0000 0010 0000 1000 0001 000 0110 1110 1
EP1C4 0000 0010 0000 1000 0101 000 0110 1110 1
EP1C6 0000 0010 0000 1000 0010 000 0110 1110 1
EP1C12 0000 0010 0000 1000 0011 000 0110 1110 1
EP1C20 0000 0010 0000 1000 0100 000 0110 1110 1
Notes to Table 3-3:

(1)  The most significant bit (MSB) is on the left.

(2) The IDCODE's least significant bit (LSB) is always 1.
Altera Corporation 3-3
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Referenced Documents

Referenced
Documents

Document

Multiple Cyclone devices can be configured in any of the three
configuration schemes by connecting the configuration enable (nCE) and
configuration enable output (nCEO) pins on each device.

Table 3-5. Data Sources for Configuration

Configuration Scheme Data Source
Active serial Low-cost serial configuration device
Passive serial (PS) Enhanced or EPC2 configuration device,

MasterBlaster or ByteBlasterMV download cable,
or serial data source

JTAG MasterBlaster or ByteBlasterMV download cable
or a microprocessor with a Jam or JBC file

This chapter references the following document:

B AN 39:IEEE Std. 1149.1 (JTAG) Boundary-Scan Testing in Altera Devices
B Jam Programming & Test Language Specification

Table 3-6 shows the revision history for this chapter.

Revision History

Table 3-6. Document Revision History

Date and

Document Changes Made Summary of Changes

Version
May 2008 Minor textual and style changes. Added “Referenced —
v1l.4 Documents” section.
January 2007 e Added document revision history. —
v1.3 e Updated handpara note below Table 3—4.
August 2005 Minor updates. —
V1.2
February 2005 | Updated JTAG chain limits. Added information concerning test —
V1.1 vectors.

May 2003 v1.0

Added document to Cyclone Device Handbook. —

Altera Corporation 3-7
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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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Power
Consumption

Designers can use the Altera web Early Power Estimator to estimate the
device power.

Cyclone devices require a certain amount of power-up current to
successfully power up because of the nature of the leading-edge process
on which they are fabricated. Table 4-17 shows the maximum power-up
current required to power up a Cyclone device.

Table 4-17. Cyclone Maximum Power-Up Current (Ioc,yr) Requirements (In-Rush Current)

Device Commercial Specification Industrial Specification Unit
EP1C3 150 180 mA
EP1C4 150 180 mA
EP1C6 175 210 mA
EP1C12 300 360 mA
EP1C20 500 600 mA

Notes to Table 4-17:

(1) The Cyclone devices (except for the EP1C20 device) meet the power up specification for Mini PCL

(2) The lot codes 9G0082 to 9G2999, or 9G3109 and later comply to the specifications in Table 4-17 and meet the Mini
PCI specification. Lot codes appear at the top of the device.

(3)  The lot codes 9H0004 to 9H29999, or 9H3014 and later comply to the specifications in this table and meet the Mini
PClI specification. Lot codes appear at the top of the device.

4-8

Designers should select power supplies and regulators that can supply
this amount of current when designing with Cyclone devices. This
specification is for commercial operating conditions. Measurements were
performed with an isolated Cyclone device on the board. Decoupling
capacitors were not used in this measurement. To factor in the current for
decoupling capacitors, sum up the current for each capacitor using the
following equation:

I=C (dV/dy)

The exact amount of current that is consumed varies according to the
process, temperature, and power ramp rate. If the power supply or
regulator can supply more current than required, the Cyclone device may
consume more current than the maximum current specified in Table 4-17.
However, the device does not require any more current to successfully
power up than what is listed in Table 4-17.

The duration of the Iyt power-up requirement depends on the Vcn
voltage supply rise time. The power-up current consumption drops when
the Vot supply reaches approximately 0.75 V. For example, if the
Vet rise time has a linear rise of 15 ms, the current consumption spike
drops by 7.5 ms.

Altera Corporation
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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
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Timing Model

Table 4-24. Routing Delay Internal Timing Microparameter Descriptions

Parameter

Delay for an R4 line with average loading; covers a distance
of four LAB columns

Delay for an C4 line with average loading; covers a distance
of four LAB rows

Symbol
tra
tca
tLocaL

Local interconnect delay

Figure 4-1 shows the memory waveforms for the M4K timing parameters
shown in Table 4-23.

Figure 4-1. Dual-Port RAM Timing Microparameter Waveform
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Internal timing parameters are specified on a speed grade basis
independent of device density. Tables 4-25 through 4-28 show the
internal timing microparameters for LEs, IOEs, TriMatrix memory
structures, DSP blocks, and MultiTrack interconnects.

Table 4-25. LE Internal Timing Microparameters

-6 -7 -8
Symbol Unit
Min Max Min Max Min Max
tsu 29 — 33 — 37 — ps
th 12 — 13 — 15 — ps
tco — 173 — 198 — 224 ps
tur — 454 — 522 — 590 ps
tolr 129 — 148 — 167 — ps
tpre 129 — 148 — 167 — ps
toLkHL 1,234 — 1,562 — 1,818 — ps

Table 4-26. IOE Internal Timing Microparameters

-6 -7 -8
Symbol Unit
Min Max Min Max Min Max
tsu 348 — 400 — 452 — ps
ty 0 — 0 — 0 — ps
tco — 511 — 587 — 664 ps
tpiIN2cOMBOUT R — 1,130 — 1,299 — 1,469 | ps
tpIN2COMBOUT G — 1,135 — 1,305 — 1,475 | ps
tcomBINZPIN_R — 2,627 — 3,021 — 3,415 | ps
tcomBINZPIN_C — 2,615 — 3,007 — 3,399 | ps
tolr 280 — 322 — 364 — ps
tpRE 280 — 322 — 364 — ps
toLKHL 1,234 — 1,562 — 1,818 — ps
4-14 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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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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Table 4-36. EP1C12 Column Pin Global Clock External I/0 Timing
Parameters (Part 2 of 2)

-6 Speed Grade | -7 Speed Grade | -8 Speed Grade
Symbol Unit
Min Max Min Max Min Max

tiNHPLL 0.000 — 0.000 — 0.000 — ns

toutcopPLL 0.500 1.663 0.500 1.913 0.500 2.164 ns

Table 4-37. EP1C12 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 2.620 — 3.012 — 3.404 — ns
tinu 0.000 — 0.000 — 0.000 — ns
toutco 2.000 | 3.671 | 2.000 | 4.221 | 2.000 | 4.774 ns
tiNsuPLL 1.698 — 1.951 — 2.206 — ns
tiNHPLL 0.000 — 0.000 — 0.000 — ns
toutcopLL | 0.500 | 1.536 | 0.500 | 1.767 | 0.500 | 1.998 ns

Tables 4-38 through 4-39 show the external timing parameters on column
and row pins for EP1C20 devices.

Table 4-38. EP1C20 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 2.417 — 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
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
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