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...and More
Features

Low-power operation design

- 1.8-V supply voltage (see Table 2)

—  Copper interconnect reduces power consumption

- MultiVolt™ I/0O support for 1.8-V, 2.5-V, and 3.3-V interfaces

—  ESBs offering programmable power-saving mode

Flexible clock management circuitry with up to four phase-locked

loops (PLLs)

—  Built-in low-skew clock tree

- Up to eight global clock signals

—  ClockLock™ feature reducing clock delay and skew

—  ClockBoost™ feature providing clock multiplication and
division

—  ClockShift™ feature providing programmable clock phase and
delay shifting

Powerful I/O features

—  Compliant with peripheral component interconnect Special
Interest Group (PCI SIG) PCI Local Bus Specification,
Revision 2.2 for 3.3-V operation at 33 or 66 MHz and 32 or 64 bits

- Support for high-speed external memories, including DDR
synchronous dynamic RAM (SDRAM) and ZBT static RAM
(SRAM)

— 16 input and 16 output LVDS channels

—  Direct connection from I/O pins to local interconnect providing
fast t-p and tg;; times for complex logic

-  MultiVolt I/O support for 1.8-V, 2.5-V, and 3.3-V interfaces

—  Programmable clamp to Vo

- Individual tri-state output enable control for each pin

—  Programmable output slew-rate control to reduce switching
noise

- Support for advanced I/O standards, including low-voltage
differential signaling (LVDS), LVPECL, PCI-X, AGP, CTT,
SSTL-3 and SSTL-2, GTL+, and HSTL Class I

- Supports hot-socketing operation

—  Pull-up on I/O pins before and during configuration

Table 2. APEX 20KC Supply Voltages

Feature Voltage

Internal supply voltage (Vceint) 1.8V

MultiVolt I/O interface voltage levels (Vcci0) 1.8V,25V,33V,50V (1)

Note:

)

APEX 20KC devices can be 5.0-V tolerant by using an external resistor.
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Table 7. APEX 20KC Device Features (Part2 of 2)

Feature APEX 20KC Devices

I/O standard support 1.8-V, 2.5-V, 3.3-V, 5.0-V I/O

3.3-V PCl and PCI-X

3.3-V AGP

CTT

GTL+

LVCMOS

LVTTL

True-LVDS™ and LVPECL data pins (in
EP20K400C and larger devices)

LVDS and LVPECL clock pins (in all devices)
LVDS and LVPECL data pins up to 156 Mbps
(in all devices)

HSTL Class |

PCI-X

SSTL-2 Class | and Il

SSTL-3 Class | and Il

Memory support CAM
Dual-port RAM
FIFO
RAM
ROM

All APEX 20KC devices are reconfigurable and are 100% tested prior to
shipment. As a result, test vectors do not have to be generated for fault-
coverage purposes. Instead, the designer can focus on simulation and
design verification. In addition, the designer does not need to manage
inventories of different application-specific integrated circuit (ASIC)
designs; APEX 20KC devices can be configured on the board for the
specific functionality required.

APEX 20KC devices are configured at system power-up with data stored
in an Altera serial configuration device or provided by a system
controller. Altera offers in-system programmability (ISP)-capable EPC16,
EPC2, and EPC1 configuration devices, which configure APEX 20KC
devices via a serial data stream. Moreover, APEX 20KC devices contain an
optimized interface that permits microprocessors to configure

APEX 20KC devices serially or in parallel, and synchronously or
asynchronously. The interface also enables microprocessors to treat
APEX 20KC devices as memory and configure the device by writing to a
virtual memory location, making reconfiguration easy.
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The APEX 20KC architecture provides two types of dedicated high-speed
data paths that connect adjacent LEs without using local interconnect
paths: carry chains and cascade chains. A carry chain supports high-speed
arithmetic functions such as counters and adders, while a cascade chain
implements wide-input functions such as equality comparators with
minimum delay. Carry and cascade chains connect LEs 1 through 10 in an
LAB and all LABs in the same MegalLAB structure.

Carry Chain

The carry chain provides a very fast carry-forward function between LEs.
The carry-in signal from a lower-order bit drives forward into the higher-
order bit via the carry chain, and feeds into both the LUT and the next
portion of the carry chain. This feature allows the APEX 20KC
architecture to implement high-speed counters, adders, and comparators
of arbitrary width. Carry chain logic can be created automatically by the
Quartus II Compiler during design processing, or manually by the
designer during design entry. Parameterized functions such as
DesignWare functions from Synopsys and library of parameterized
modules (LPM) functions automatically take advantage of carry chains
for the appropriate functions.

The Quartus II Compiler creates carry chains longer than ten LEs by
automatically linking LABs together. For enhanced fitting, a long carry
chain skips alternate LABs in a MegaLAB structure. A carry chain longer
than one LAB skips either from an even-numbered LAB to the next even-
numbered LAB, or from an odd-numbered LAB to the next odd-
numbered LAB. For example, the last LE of the first LAB in the upper-left
Megal AB structure carries to the first LE of the third LAB in the
MegalLAB structure.

Figure 6 shows how an n-bit full adder can be implemented in 7 + 1 LEs
with the carry chain. One portion of the LUT generates the sum of two bits
using the input signals and the carry-in signal; the sum is routed to the
output of the LE. The register can be bypassed for simple adders or used
for accumulator functions. Another portion of the LUT and the carry
chain logic generates the carry-out signal, which is routed directly to the
carry-in signal of the next-higher-order bit. The final carry-out signal is
routed to an LE, where it is driven onto the local, MegaLAB, or FastTrack
interconnect routing structures.
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The counter mode uses two 3-input LUTs: one generates the counter data,
and the other generates the fast carry bit. A 2-to-1 multiplexer provides
synchronous loading, and another AND gate provides synchronous
clearing. If the cascade function is used by an LE in counter mode, the
synchronous clear or load overrides any signal carried on the cascade
chain. The synchronous clear overrides the synchronous load. LEs in
arithmetic mode can drive out registered and unregistered versions of the
LUT output.

Clear & Preset Logic Control

Logic for the register’s clear and preset signals is controlled by LAB-wide
signals. The LE directly supports an asynchronous clear function. The
Quartus II Compiler can use a NOT-gate push-back technique to emulate
an asynchronous preset or to emulate simultaneous preset and clear or
asynchronous load. However, this technique uses three additional LEs
per register. All emulation is performed automatically when the design is
compiled. Registers that emulate simultaneous preset and load will enter
an unknown state upon power-up or when the chip-wide reset is asserted.

In addition to the two clear and preset modes, APEX 20KC devices
provide a chip-wide reset pin (DEV_CLRn) that resets all registers in the
device. Use of this pin is controlled through an option in the Quartus II
software that is set before compilation. The chip-wide reset overrides all
other control signals. Registers using an asynchronous preset are preset
when the chip-wide reset is asserted; this effect results from the inversion
technique used to implement the asynchronous preset.

FastTrack Interconnect

In the APEX 20KC architecture, connections between LEs, ESBs, and I/O
pins are provided by the FastTrack interconnect. The FastTrack
interconnect is a series of continuous horizontal and vertical routing
channels that traverse the device. This global routing structure provides
predictable performance, even in complex designs. In contrast, the
segmented routing in FPGAs requires switch matrices to connect a
variable number of routing paths, increasing the delays between logic
resources and reducing performance.

The FastTrack interconnect consists of row and column interconnect
channels that span the entire device. The row interconnect routes signals
throughout a row of MegaLAB structures; the column interconnect routes
signals throughout a column of MegaLLAB structures. When using the row
and column interconnect, an LE, IOE, or ESB can drive any other LE, IOE,
or ESB in a device. See Figure 9.
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Figure 10. FastTrack Connection to Local Interconnect
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Figure 16. APEX 20KC Parallel Expanders
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output registers can pipeline designs to improve system performance. The
ESB offers a dual-port mode, which supports simultaneous reads and
writes at two different clock frequencies. Figure 17 shows the ESB block
diagram.

Figure 17. ESB Block Diagram
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Figure 18. Deep Memory Block Implemented with Multiple ESBs
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The ESB implements two forms of dual-port memory: read /write clock
mode and input/output clock mode. The ESB can also be used for
bidirectional, dual-port memory applications in which two ports read or
write simultaneously. To implement this type of dual-port memory, two
ESBs are used to support two simultaneous reads or writes.

The ESB can also use Altera megafunctions to implement dual-port RAM
applications where both ports can read or write, as shown in Figure 19.

Figure 19. APEX 20KC ESB Implementing Dual-Port RAM
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Figure 28. APEX 20KC I/0 Banks
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(1) Any I/O pin within two pads of the LVDS pins can only be used as an input to maintain an acceptable noise level
on the V(o plane. No output pin can be placed within two pads of LVDS pins unless separated by a power or
ground pin. Use the Show Pads view in the Quartus II software’s Floor Plan Editor to locate these pads. The
Quartus II software will give an error message for illegal output or bidirectional pin placement next to the LVDS

pin

(2) If the LVDS input and output blocks are not used for LVDS, they can support all of the I/O standards and can be
used as input, output, or bidirectional pins with Vg set to3.3V,2.5V,or 1.8 V.

42

Power Sequencing & Hot Socketing

Because APEX 20KC devices can be used in a mixed-voltage environment,
they have been designed specifically to tolerate any possible power-up
sequence. Therefore, the Vo and VNt power supplies may be
powered in any order.

Altera Corporation
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Table 24. 1.8-V I/0 Specifications

Symbol Parameter Conditions Minimum Maximum Units
Veeio Output supply 1.7 1.9 Vv
voltage
ViH High-level input 0.65 x Vecio Veeio +0.3 \
voltage
ViL Low-level input 0.35 x Vecio \
voltage
f Input pin leakage Vin=0Vor33V -10 10 uA
current
Vou High-level output loy=—-2mA (1) Vceio — 0.45 \"
voltage
VoL Low-level output loL=2mA (2) 0.45 \Y
voltage
Table 25. 3.3-V PCI Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Veaoio I/O supply voltage 3.0 3.3 3.6 \'%
ViH High-level input 0.5 x Voo Vecio + 0.5 \
voltage
ViL Low-level input -0.5 0.3 x Voo \Y
voltage
f Input pin leakage 0<ViNn<Veeio -10 10 uA
current
VoH High-level output louTt =—500 uA 0.9 x Voo Vv
voltage
VoL Low-level output louT = 1,500 uA 0.1 x Vgeio \"
voltage
56 Altera Corporation
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Table 26. 3.3-V PCI-X Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Units

Veeio Output supply 3.0 3.3 3.6 \
voltage

ViH High-level input 0.5 x Voo Vecio + 0.5 \
voltage

ViL Low-level input -0.5 0.35 x Vel \
voltage

Vipu Input pull-up voltage 0.7 x Voo \

I Input pin leakage 0<ViNn<Veeio -10.0 10.0 uA
current

Vou High-level output loyT =-500 pA 0.9 x Voo \
voltage

VoL Low-level output loyT = 1500 pA 0.1 x Vgeio \
voltage

Loin Pin Inductance 15.0 nH

Table 27. 3.3-V LVDS 1/0 Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units

Vceio I/0 supply voltage 3.135 3.3 3.465 \"

Vob Differential output R =100 Q 250 450 mV
voltage

AVop Change in VOD R_ =100 Q 50 mV
between high and
low

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

AVops Change in VOS R_ =100 Q 50 mV
between high and
low

V1y Differential input Vem=12V -100 100 mV
threshold

ViN Receiver input 0.0 2.4 \
voltage range

RL Receiver differential 90 100 110 Q
input resistor
(external to APEX
devices)
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Table 28. GTL+ 1/0 Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Vit Termination voltage 1.35 1.5 1.65 \
VRer Reference voltage 0.88 1.0 1.12 Vv
ViH High-level input Vger + 0.1 \

voltage
A Low-level input Vger — 0.1 \Y
voltage
VoL Low-level output lo. =36 mA (2) 0.65 \
voltage
Table 29. SSTL-2 Class | Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Voo I/O supply voltage 2.375 25 2.625 \'%
Vit Termination voltage Vger —0.04 VRErF VRer + 0.04 \'%
VRer Reference voltage 1.15 1.25 1.35 \
ViH High-level input Vger + 0.18 Veeio +0.3 \"
voltage

ViL Low-level input -0.3 Vger —0.18 \Y
voltage

Vou High-level output loy=-7.6 mA (1) V714 0.57 \'%
voltage

VoL Low-level output loL=7.6mA (2) Vi1t —-0.57 \Y
voltage
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Table 34. LVPECL Specifications

Symbol Parameter Minimum Typical Maximum Units

Veeio Output Supply 3.135 3.3 3.465 \
Voltage

ViH Low-level input 1300 1700 mV
voltage

ViL High-level input 2100 2600 mV
voltage

VoH Low-level output 1450 1650 mV
voltage

VoL High-level output 2275 2420 mV
voltage

Vip Input voltage 400 600 950 mV
differential

Vop Output voltage 625 800 950 mV
differential

t, b Rise/fall time 85 325 ps
(20 to 80%)

tbskew Differential skew 25 ps

to Output load 150 Q

Ry Receiver differential 100 Q
input resistor

Table 35. 3.3-V AGP 1/0 Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units

Veeio I/0 supply voltage 3.15 3.3 3.45 \"

VRer Reference voltage 0.39 x Vg0 0.41 x Voo \

ViH High-level input 0.5 x Voo Veeio + 0.5 \
voltage

ViL Low-level input 0.3 x Voo \Y
voltage

VoH High-level output loyt =-500 uA 0.9 x Voo 3.6 \
voltage

VoL Low-level output louT = 1500 uA 0.1 x Veeio \
voltage

f Input pin leakage 0<ViNn<Veeio -10 10 uA
current
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Table 38. APEX 20KC fy,x ESB Timing Parameters

Symbol Parameter
tesBaRC ESB asynchronous read cycle time
tesBsre ESB synchronous read cycle time
tessawce ESB asynchronous write cycle time
teseswe ESB synchronous write cycle time
tesBwAsyU ESB write address setup time with respect to WE
tesBwAH ESB write address hold time with respect to WE
tesBwDSsU ESB data setup time with respect to WE
tesBwpH ESB data hold time with respect to WE
tesBrASU ESB read address setup time with respect to RE
tesBRAH ESB read address hold time with respect to RE
tesBWESU ESB WE setup time before clock when using input register
tESBDATASU ESB data setup time before clock when using input register
tESBWADDRSU ESB write address setup time before clock when using input registers
tESBRADDRSU ESB read address setup time before clock when using input registers
tesBDATACOT ESB clock-to-output delay when using output registers
tesBDATACOZ ESB clock-to-output delay without output registers
tesBpD ESB data-in to data-out delay for RAM mode
tpp ESB macrocell input to non-registered output
teTERMSU ESB macrocell register setup time before clock
teTERMCO ESB macrocell register clock-to-output delay

Table 39. APEX 20KC fy,x Routing Delays

Symbol Parameter
1= Fan-out delay estimate using local interconnect
tes.00 Fan-out delay estimate using Megalab interconnect
teopy Fan-out delay estimate using FastTrack interconnect
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Table 42. APEX 20KC External Bidirectional Timing Parameters Note (1)
Symbol Parameter Condition
tinsuBIDIR Setup time for bidirectional pins with global clock at LAB-adjacent input
register
tiNHBIDIR Hold time for bidirectional pins with global clock at LAB-adjacent input
register
touTcoBIDIR Clock-to-output delay for bidirectional pins with global clock at IOE C1=35pF
register
txzBIDIR Synchronous output enable register to output buffer disable delay C1=385pF
tzxBIDIR Synchronous output enable register to output buffer enable delay C1=35pF
tiNsUBIDIRPLL Setup time for bidirectional pins with PLL clock at LAB-adjacent input
register
tiNHBIDIRPLL Hold time for bidirectional pins with PLL clock at LAB-adjacent input
register
touTcoBIDIRPLL Clock-to-output delay for bidirectional pins with PLL clock at IOE register |C1 = 35 pF
txzBIDIRPLL Synchronous output enable register to output buffer disable delay with | C1 =35 pF
PLL
tzxBIDIRPLL Synchronous output enable register to output buffer enable delay with C1=35pF
PLL

Note to tables:

(1) These timing parameters are sample-tested only.

68
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Tables 43 through 78 show the fy4x and external timing parameters for
EPC20K100C, EPC20K200C, EP20K400C, EP20K600C, EP20K1000C, and

EP20K1500C devices.
Table 43. EP20K100C fyay LE Timing Parameters  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tSU 0.3 ns
tH 0.3 ns
tCO 0.3 ns
tLUT 0.7 ns
Table 44. EP20K100C fyyx ESB Timing Parameters  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tESBAF?C 1.4 ns
tESBSF?C 25 ns
tESBAWC 3.1 ns
tESBSWC 3.0 ns
tesBwasu 05 ns
tesBwAH 0.5 ns
tesBwosu 0.6 ns
tesBwWDH 0.5 ns
tesBRASU 1.4 ns
tEsBRAH 0.0 ns
tesBwESU 2.3 ns
tEsBDATASU 0.0 ns
tEsBWADDRSU 0.2 ns
tEsBRADDRSU 0.2 ns
tespATACO1 1.0 ns
{esBDATACO2 2.3 ns
tESBDD 2.7 ns
tPD 1.6 ns
trrERMSU 1.0 ns
tprERMCO 1.0 ns
Altera Corporation 69
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Table 50. EP20K200C fyax ESB Timing Parameters  Nole (1)

Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max

tesBaRC 1.4 ns
tesBsre 2.5 ns
tesawe 3.1 ns
tessswe 3.0 ns
tesewasu 05 ns
tesBwAH 05 ns
tesBwpsy 0.6 ns
tesBwDH 05 ns
tesBrASU 1.4 ns
tEsBRAH 0.0 ns
tesewesu 23 ns
tesBDATASU 0.0 ns
tesBWADDRSU 0.2 ns
tEsBRADDRSU 0.2 ns
tesBpATACO! 1.0 ns
tesBpATACO2 2.3 ns
tesspD 2.7 ns
tpp 1.6 ns
tpTERMSU 1.0 ns
tpTERMCO 1.0 ns

Table 51. EP20K200C fyx Routing Delays  Note (1)

Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit

Min Max Min Max Min Max
tF1-4 0.2 ns
tF5—20 0.9 ns
tF20+ 1.0 ns
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Table 64. EP20K600C Minimum Pulse Width Timing Parameters  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tCH 2.3 ns
tCL 2.3 ns
tCLFi'P 0.2 ns
tPREP 0.2 ns
tesscH 2.3 ns
tesseL 2.3 ns
teswp 1.1 ns
tesere 0.9 ns
Table 65. EP20K600C External Timing Parameters
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
thSU 2.2 ns
tINH 0.0 ns
tOUTCO 2.0 5.0 ns
finsupLL 3.3 ns
tNHPLL 0.0 ns
toutcopLL 05 2.1 ns
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Table 68. EP20K1000C fy,x ESB Timing Parameters  Nofe (1)

Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tESBARC 1.3 ns
tESBSRC 2.3 ns
tESBAWC 2.9 ns
tESBSWC 2.7 ns
tesBwasU 04 ns
tesBwWAH 04 ns
tesBwbsu 05 ns
tesBwDH 0.4 ns
tesBRASU 1.3 ns
tesBRAH 0.0 ns
tesBwESU 2.0 ns
tEsBDATASU 0.0 ns
{ESBWADDRSU 0.1 ns
{ESBRADDRSU 0.1 ns
{ESBDATACO1 1.0 ns
tesBDATACO2 2.0 ns
tESBDD 2.4 ns
tPD 1.4 ns
trTERMSU 0.9 ns
tprERMCO 1.0 ns
Table 69. EP20K1000C fy,x Routing Delays  Note (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tF7-4 0.2 ns
tF5-20 1.3 ns
tF20+ 2.6 ns
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Table 76. EP20K1500C Minimum Pulse Width Timing Parameters  Noie (1)
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
tCH 2.0 ns
tCL 2.0 ns
tCLFi'P 0.2 ns
tPREP 0.2 ns
tesscH 2.0 ns
tesseL 2.0 ns
teswp 1.0 ns
tesere 0.8 ns
Table 77. EP20K1500C External Timing Parameters
Symbol -7 Speed Grade -8 Speed Grade (2) -9 Speed Grade (2) Unit
Min Max Min Max Min Max
thSU 2.1 ns
tINH 0.0 ns
tOUTCO 2.0 5.0 ns
tinsupLL 3.2 ns
tNHPLL 0.0 ns
toutcopLL 05 2.1 ns

Altera Corporation
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