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APEX 20K Programmable Logic Device Family Data Sheet

Table 8. Comparison of APEX 20K & APEX 20KE Features

Feature APEX 20K Devices APEX 20KE Devices
MultiCore system integration | Full support Full support
SignalTap logic analysis Full support Full support

32/64-Bit, 33-MHz PCI

Full compliance in -1, -2 speed
grades

Full compliance in -1, -2 speed grades

32/64-Bit, 66-MHz PCI

Full compliance in -1 speed grade

MultiVolt I/O 2.5-V or 3.3-V Vcc|o 1 .8-V, 2.5-V, or 3.3-V VCC|O

Veeio selected for device Veeio selected block-by-block

Certain devices are 5.0-V tolerant | 5.0-V tolerant with use of external resistor
ClockLock support Clock delay reduction Clock delay reduction

2x and 4x clock multiplication

m/(nx v) or m/(nx k) clock multiplication
Drive ClockLock output off-chip

External clock feedback

ClockShift

LVDS support

Up to four PLLs

ClockShift, clock phase adjustment

Dedicated clock and input pins | Six Eight
1/0O standard support 2.5-V, 3.3-V, 5.0-V I/O 1.8-V, 2.5-V, 3.3-V, 5.0-V I/O
3.3-V PCI 2.5-V1/0

Low-voltage complementary
metal-oxide semiconductor
(LVCMOS)

Low-voltage transistor-to-transistor
logic (LVTTL)

3.3-V PCl and PCI-X

3.3-V Advanced Graphics Port (AGP)
Center tap terminated (CTT)

GTL+

LVCMOS

LVTTL

True-LVDS and LVPECL data pins
(in EP20K300E and larger devices)
LVDS and LVPECL signaling (in all BGA
and FineLine BGA devices)

LVDS and LVPECL data pins up to
156 Mbps (in -1 speed grade devices)
HSTL Class |

PCI-X

SSTL-2 Class | and Il

SSTL-3 Class | and Il

Memory support

Dual-port RAM
FIFO
RAM
ROM

CAM
Dual-port RAM
FIFO
RAM
ROM
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Each LAB contains dedicated logic for driving control signals to its LEs
and ESBs. The control signals include clock, clock enable, asynchronous
clear, asynchronous preset, asynchronous load, synchronous clear, and
synchronous load signals. A maximum of six control signals can be used
ata time. Although synchronous load and clear signals are generally used
when implementing counters, they can also be used with other functions.

Each LAB can use two clocks and two clock enable signals. Each LAB’s
clock and clock enable signals are linked (e.g., any LE in a particular LAB
using CLK1 will also use CLKENAL). LEs with the same clock but different
clock enable signals either use both clock signals in one LAB or are placed
into separate LABs.

If both the rising and falling edges of a clock are used in a LAB, both LAB-
wide clock signals are used.

The LAB-wide control signals can be generated from the LAB local
interconnect, global signals, and dedicated clock pins. The inherent low
skew of the FastTrack Interconnect enables it to be used for clock
distribution. Figure 4 shows the LAB control signal generation circuit.

Figure 4. LAB Control Signal Generation

Dedicated 20r4 (1)
Clocks
Global 4
Signals
Local \l
Interconnect )
Local L. 1
Interconnect
Local g" g"
Interconnect
Local
Interconnect

Notes to Figure 4:
1)
@

(©)

LAB.

12

SYNCLOAD LABCLKENA1 LABCLR1 (2)
or LABCLKENA2

SYNCCLR LABCLK1 LABCLR2 (2)
or LABCLK2 (3)

APEX 20KE devices have four dedicated clocks.
The LABCLR1 and LABCLR2 signals also control asynchronous load and asynchronous preset for LEs within the

The SYNCCLR signal can be generated by the local interconnect or global signals.

Altera Corporation
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Figure 8. APEX 20K LE Operating Modes
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LEs in normal mode support register packing.

There are two LAB-wide clock enables per LAB.

When using the carry-in in normal mode, the packed register feature is unavailable.

A register feedback multiplexer is available on LE1 of each LAB.

The DATA1 and DATA2 input signals can supply counter enable, up or down control, or register feedback signals for
LEs other than the second LE in an LAB.

The LAB-wide synchronous clear and LAB wide synchronous load affect all registers in an LAB.

Altera Corporation
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Table 9. APEX 20K Routing Scheme

Source Destination
Row |Column| LE ESB Local MegalLAB Row Column FastRow
1/0 Pin Interconnect | Interconnect | FastTrack | FastTrack |Interconnect
Interconnect | Interconnect
Row /0 Pin v v v v
Column I/O v v
Pin (1)
LE v v v v
ESB v v v v
Local v v v
Interconnect
MegalLAB v
Interconnect
Row v v
FastTrack
Interconnect
Column v v
FastTrack
Interconnect
FastRow v
Interconnect (1)

Note to Table 9:
(1)  This connection is supported in APEX 20KE devices only.

Altera Corporation

Product-Term Logic

The product-term portion of the MultiCore architecture is implemented
with the ESB. The ESB can be configured to act as a block of macrocells on
an ESB-by-ESB basis. Each ESB is fed by 32 inputs from the adjacent local
interconnect; therefore, it can be driven by the MegalLAB interconnect or
the adjacent LAB. Also, nine ESB macrocells feed back into the ESB
through the local interconnect for higher performance. Dedicated clock
pins, global signals, and additional inputs from the local interconnect
drive the ESB control signals.

In product-term mode, each ESB contains 16 macrocells. Each macrocell

consists of two product terms and a programmable register. Figure 13
shows the ESB in product-term mode.

25
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Read/Write Clock Mode

The read /write clock mode contains two clocks. One clock controls all
registers associated with writing: data input, WE, and write address. The
other clock controls all registers associated with reading: read enable
(RE), read address, and data output. The ESB also supports clock enable
and asynchronous clear signals; these signals also control the read and
write registers independently. Read /write clock mode is commonly used
for applications where reads and writes occur at different system
frequencies. Figure 20 shows the ESB in read /write clock mode.

Figure 20. ESB in Read/Write Clock Mode  Note (1)
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Notes to Figure 20:

(1)  Allregisters can be cleared asynchronously by ESB local interconnect signals, global signals, or the chip-wide reset.
(2) APEX 20KE devices have four dedicated clocks.
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For more information on APEX 20KE devices and CAM, see Application
Note 119 (Implementing High-Speed Search Applications with APEX CAM).

Driving Signals to the ESB

ESBs provide flexible options for driving control signals. Different clocks
can be used for the ESB inputs and outputs. Registers can be inserted
independently on the data input, data output, read address, write
address, WE, and RE signals. The global signals and the local interconnect
can drive the WE and RE signals. The global signals, dedicated clock pins,
and local interconnect can drive the ESB clock signals. Because the LEs
drive the local interconnect, the LEs can control the WE and RE signals and
the ESB clock, clock enable, and asynchronous clear signals. Figure 24
shows the ESB control signal generation logic.

Figure 24. ESB Control Signal Generation

Dedicated 20r4 (1)
Clocks
Global 4
Signals
Local \l
Interconnect |
Local 1
Interconnect ‘ ‘
Local
Interconnect g" g“
Local
Interconnect
Local
Interconnect INCLKENA OUTCLKENA
Local
In(;gfconnect j RDEN  WREN INCLOCK OUTCLOCK INCLR OUTCLR
Note to Figure 24:

(1) APEX 20KE devices have four dedicated clocks.
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An ESB is fed by the local interconnect, which is driven by adjacent LEs
(for high-speed connection to the ESB) or the MegaLAB interconnect. The
ESB can drive the local, MegaLLAB, or FastTrack Interconnect routing
structure to drive LEs and IOEs in the same MegaLAB structure or
anywhere in the device.

Altera Corporation
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Figure 25. APEX 20K Bidirectional I/0 Registers  Note (1)
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(1

The output enable and input registers are LE registers in the LAB adjacent to the bidirectional pin.
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Table 15. APEX 20K ClockLock & ClockBoost Parameters for -1 Speed-Grade Devices (Part 2 of 2)
Symbol Parameter Min Max Unit

tskEw Skew delay between related 500 ps
ClockLock/ClockBoost-generated clocks

tTTER Jitter on ClockLock/ClockBoost-generated clock 200 ps
(5)

tiINCLKSTB Input clock stability (measured between adjacent 50 ps
clocks)

Notes to Table 15:

(1) The PLL input frequency range for the EP20K100-1X device for 1x multiplication is 25 MHz to 175 MHz.

(2)  Allinput clock specifications must be met. The PLL may not lock onto an incoming clock if the clock specifications
are not met, creating an erroneous clock within the device.

(3) During device configuration, the ClockLock and ClockBoost circuitry is configured first. If the incoming clock is
supplied during configuration, the ClockLock and ClockBoost circuitry locks during configuration, because the lock
time is less than the configuration time.

(4) Thejitter specification is measured under long-term observation.
(5)  If the input clock stability is 100 ps, tjrreg is 250 ps.

Table 16 summarizes the APEX 20K ClockLock and ClockBoost
parameters for -2 speed grade devices.

Table 16. APEX 20K ClockLock & ClockBoost Parameters for -2 Speed Grade Devices

Symbol Parameter Min Max Unit
fout Output frequency 25 170 MHz
foLki Input clock frequency (ClockBoost clock multiplication 25 170 MHz
factor equals 1)

foLke Input clock frequency (ClockBoost clock multiplication 16 80 MHz
factor equals 2)

fCLK4 Input clock frequency (ClockBoost clock multiplication 10 34 MHz
factor equals 4)

toutpuTy Duty cycle for ClockLock/ClockBoost-generated clock 40 60 %

foLkDEV Input deviation from user specification in the Quartus Il 25,000 (2) PPM
software (ClockBoost clock multiplication factor equals
one) (1)

tR Input rise time 5 ns

tg Input fall time 5 ns

tLock Time required for ClockLock/ ClockBoost to acquire 10 us
lock (3)

tskew Skew delay between related ClockLock/ ClockBoost- 500 500 ps
generated clock

tyTTER Jitter on ClockLock/ ClockBoost-generated clock (4) 200 ps

tiNCLKSTB Input clock stability (measured between adjacent 50 ps
clocks)
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Table 18. APEX 20KE Clock Input & Output Parameters

(Part2 of 2) Note (1)

Symbol Parameter 1/0 Standard | -1X Speed Grade -2X Speed Grade | Units
Min Max Min Max
fin Input clock frequency 3.3-V LVTTL 1.5 290 1.5 257 MHz
2.5-V LVTTL 15 281 15 250 | MHz
1.8-V LVTTL 1.5 272 15 243 | MHz
GTL+ 1.5 303 1.5 261 | MHz
SSTL-2 Class 1.5 291 15 253 | MHz
I
SSTL-2 Class 1.5 291 15 253 | MHz
]
SSTL-3 Class 15 300 1.5 260 | MHz
I
SSTL-3 Class 15 300 1.5 260 | MHz
I
LVDS 15 420 1.5 350 | MHz

Notes to Tables 17 and 18:
(1)  Allinput clock specifications must be met. The PLL may not lock onto an incoming clock if the clock specifications

are not met, creating an erroneous clock within the device.
(2) The maximum lock time is 40 us or 2000 input clock cycles, whichever occurs first.

(3) Before configuration, the PLL circuits are disable and powered down. During configuration, the PLLs are still
disabled. The PLLs begin to lock once the device is in the user mode. If the clock enable feature is used, lock begins
once the CLKLK_ENA pin goes high in user mode.

(4) The PLL VCO operating range is 200 MHz 0 fyco 0 840 MHz for LVDS mode.

SignalTap

Embedded
Logic Analyzer

54

APEX 20K devices include device enhancements to support the SignalTap
embedded logic analyzer. By including this circuitry, the APEX 20K
device provides the ability to monitor design operation over a period of

time through the IEEE Std. 1149.1 (JTAG) circuitry; a designer can analyze
internal logic at speed without bringing internal signals to the I/O pins.

This feature is particularly important for advanced packages such as
FineLine BGA packages because adding a connection to a pin during the
debugging process can be difficult after a board is designed and
manufactured.

Altera Corporation
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Table 28. APEX 20KE Device Recommended Operating Conditions

Symbol Parameter Conditions Min Max | Unit
VeeinT Supply voltage for internal logic and (3), (4) 1.71(1.71) | 1.89(1.89) | V
input buffers
Veeio Supply voltage for output buffers, 3.3-V | (3), (4) 3.00 (3.00) | 3.60(3.60) | V
operation
Supply voltage for output buffers, 2.5-V | (3), (4) 2.375 2.625 \
operation (2.375) (2.625)
Supply voltage for output buffers, 1.8-V | (3), (4) 1.71(1.71) | 1.89(1.89) | V
operation
V, Input voltage (5), (6) -0.5 4.0 \
VO Output voltage 0 Vcc|o \
Ty Junction temperature For commercial use 0 85 °C
For industrial use —40 100 °C
tr Input rise time 40 ns
te Input fall time 40 ns
Altera Corporation 63
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Figure 35 shows the output drive characteristics of APEX 20KE devices.

Figure 35. Output Drive Characteristics of APEX 20KE Devices  Note (1
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Timing Model

Altera Corporation

The high-performance FastTrack and MegaLAB interconnect routing
resources ensure predictable performance, accurate simulation, and
accurate timing analysis. This predictable performance contrasts with that
of FPGAs, which use a segmented connection scheme and therefore have
unpredictable performance.
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Figures 38 and 39 show the asynchronous and synchronous timing
waveforms, respectively, for the ESB macroparameters in Table 31.

Figure 38. ESB Asynchronous Timing Waveforms
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Figure 39. ESB Synchronous Timing Waveforms
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Figure 40 shows the timing model for bidirectional I/O pin timing.
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Table 68. EP20K160E fy4x ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tEsBARC 1.65 2.02 2.11 ns
tesBsRC 2.21 2.70 3.11 ns
tesBAWC 3.04 3.79 4.42 ns
teseswe 2.81 3.56 410 ns
tesBwaAsu 0.54 0.66 0.73 ns
tesBWAH 0.36 0.45 0.47 ns
tesBwDsU 0.68 0.81 0.94 ns
tESBWDH 0.36 0.45 0.47 ns
tESBRASU 1.58 1.87 2.06 ns
tesBRAH 0.00 0.00 0.01 ns
tesBWESU 1.41 1.71 2.00 ns
tespwEn 0.00 0.00 0.00 ns
tesBDATASU -0.02 -0.03 0.09 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.14 0.17 0.35 ns
tESBRADDRSU 0.21 0.27 0.43 ns
tESBDATACOT 1.04 1.30 1.46 ns
tesBDATACO2 2.15 2.70 3.16 ns
tesBDD 2.69 3.35 3.97 ns
tpp 1.55 1.93 2.29 ns
tPTERMSU 1.01 1.23 1.52 ns
tpTERMCO 1.06 1.32 1.04 ns
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Table 72. EP20K160E External Bidirectional Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tiNsuBIDIR 2.86 3.24 3.54 ns
tNHBIDIR 0.00 0.00 0.00 ns
touTcoBIDIR 2.00 5.07 2.00 5.59 2.00 6.13 ns
txzBIDIR 7.43 8.23 8.58 ns
tzxBIDIR 7.43 8.23 8.58 ns
tiNsuBIDIRPLL 4.93 5.48 - ns
YINHBIDIRPLL 0.00 0.00 - ns
toutcoBIDIRPLL 0.50 3.00 0.50 3.35 - - ns
txzBIDIRPLL 5.36 5.99 - ns
tzxBIDIRPLL 5.36 5.99 - ns

Tables 73 through 78 describe fj;4x LE Timing Microparameters, fyax
ESB Timing Microparameters, fy14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K200E APEX 20KE devices.

Table 73. EP20K200E fy,x LE Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tsy 0.23 0.24 0.26 ns
ty 0.23 0.24 0.26 ns
tco 0.26 0.31 0.36 ns
tLuT 0.70 0.90 1.14 ns
94 Altera Corporation
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Table 76. EP20K200E Minimum Pulse Width Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
to 1.36 2.44 2.65 ns
toL 1.36 2.44 2.65 ns
toLrp 0.18 0.19 0.21 ns
tprEP 0.18 0.19 0.21 ns
tesecH 1.36 2.44 2.65 ns
tessoL 1.36 2.44 2.65 ns
tespwp 1.18 1.48 1.76 ns
teseRP 0.95 1.17 1.41 ns

Table 77. EP20K200E External Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tinsu 2.24 2.35 2.47 ns
Nk 0.00 0.00 0.00 ns
touTCO 2.00 512 2.00 562 2.00 6.11 ns
thSUPLL 2.13 2.07 - ns
thHPLL 0.00 0.00 - ns
toutcoprLL 0.50 3.01 0.50 3.36 - - ns
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Table 90. EP20K400E External Bidirectional Timing Parameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max

tNSUBIDIR 2.93 3.23 3.44 ns
YNHBIDIR 0.00 0.00 0.00 ns
loUTCOBIDIR 2.00 5.25 2.00 5.79 2.00 6.32 ns
tyzBIDIR 5.95 6.77 712 ns
tzxBIDIR 5.95 6.77 7.12 ns
YINSUBIDIRPLL 4.31 4.76 - ns
YNHBIDIRPLL 0.00 0.00 - ns
loUTCOBIDIRPLL 0.50 2.25 0.50 2.45 - - ns
tyZBIDIRPLL 2.94 3.43 - ns
tyYBIDIRPLL 2.94 3.43 - ns

Tables 91 through 96 describe f4x LE Timing Microparameters, fp14x
ESB Timing Microparameters, f14x Routing Delays, Minimum Pulse
Width Timing Parameters, External Timing Parameters, and External
Bidirectional Timing Parameters for EP20K600E APEX 20KE devices.

Table 91. EP20K600E fyy LE Timing Microparameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tsu 0.16 0.16 0.17 ns
ty 0.29 0.33 0.37 ns
tco 0.65 0.38 0.49 ns
tLUT 0.70 1.00 1.30 ns
Altera Corporation 103
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Table 94. EP20K600E Minimum Pulse Width Timing Parameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
ton 2.00 2.50 2.75 ns
toL 2.00 2.50 2.75 ns
tcLrp 0.18 0.26 0.34 ns
tPREP 0.18 0.26 0.34 ns
tESBCH 2.00 2.50 2.75 ns
tESBCL 2.00 2.50 2.75 ns
tESBWP 1.17 1.68 2.18 ns
tESBRP 0.95 1.35 1.76 ns
Table 95. EP20K600E External Timing Parameters
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
t|NSU 2.74 2.74 2.87 ns
tin 0.00 0.00 0.00 ns
toutco 2.00 5.51 2.00 6.06 2.00 6.61 ns
tINSUPLL 1.86 1.96 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 2.62 0.50 2.91 - - ns
Table 96. EP20K600E External Bidirectional Timing Parameters
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
thSUBlDlR 0.64 0.98 1.08 ns
thHBlDlR 0.00 0.00 0.00 ns
tOUTCOB|D| R 2.00 5.51 2.00 6.06 2.00 6.61 ns
tXZBlDlR 6.10 6.74 710 ns
tZXBlDIF{ 6.10 6.74 7.10 ns
YINSUBIDIRPLL 2.26 2.68 - ns
YNHBIDIRPLL 0.00 0.00 - ns
tOUTCOBlDl RPLL 0.50 2.62 0.50 2.91 - - ns
tXZBlDlRPLL 3.21 3.59 - ns
tZXBlDlRPLL 3.21 3.59 - ns
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SRAM configuration elements allow APEX 20K devices to be
reconfigured in-circuit by loading new configuration data into the
device. Real-time reconfiguration is performed by forcing the device
into command mode with a device pin, loading different
configuration data, reinitializing the device, and resuming user-
mode operation. In-field upgrades can be performed by distributing
new configuration files.

Configuration Schemes

The configuration data for an APEX 20K device can be loaded with
one of five configuration schemes (see Table 111), chosen on the basis
of the target application. An EPC2 or EPC16 configuration device,
intelligent controller, or the JTAG port can be used to control the
configuration of an APEX 20K device. When a configuration device
is used, the system can configure automatically at system power-up.

Multiple APEX 20K devices can be configured in any of five
configuration schemes by connecting the configuration enable (nCE)
and configuration enable output (nCEO) pins on each device.

Table 111. Data Sources for Configuration

Configuration Scheme

Data Source

Configuration device

EPC1, EPC2, EPC16 configuration devices

Passive serial (PS)

MasterBlaster or ByteBlasterMV download cable or serial data source

Passive parallel asynchronous (PPA) Parallel data source

Passive parallel synchronous (PPS) Parallel data source

JTAG

MasterBlaster or ByteBlasterMV download cable or a microprocessor
with a Jam or JBC File

Device Pin-Outs

114

For more information on configuration, see Application Note 116
(Configuring APEX 20K, FLEX 10K, & FLEX 6000 Devices.)

See the Altera web site (http://www.altera.com) or the Altera Digital
Library for pin-out information

Altera Corporation
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Revision
History
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The information contained in the APEX 20K Programmable Logic Device
Family Data Sheet version 5.1 supersedes information published in
previous versions.

Version 5.1

APEX 20K Programmable Logic Device Family Data Sheet version 5.1
contains the following changes:

B Inversion 5.0, the VI input voltage spec was updated in Table 28 on
page 63.

B Inversion 5.0, Note (5) to Tables 27 through 30 was revised.

B Added Note (2) to Figure 21 on page 33.

Version 5.0

APEX 20K Programmable Logic Device Family Data Sheet version 5.0
contains the following changes:

B Updated Tables 23 through 26. Removed 2.5-V operating condition
tables because all APEX 20K devices are now 5.0-V tolerant.

B Updated conditions in Tables 33, 38 and 39.

B Updated data for tgggpaTaH parameter.

Version 4.3

APEX 20K Programmable Logic Device Family Data Sheet version 4.3
contains the following changes:

B Updated Figure 20.

B Updated Note (2) to Table 13.
B Updated notes to Tables 27 through 30.

Version 4.2

APEX 20K Programmable Logic Device Family Data Sheet version 4.2
contains the following changes:

B Updated Figure 29.
B Updated Note (1) to Figure 29.
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