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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

Altera Corporation




APEX 20K Programmable Logic Device Family Data Sheet

Logic Array Block

Each LAB consists of 10 LEs, the LEs” associated carry and cascade chains,
LAB control signals, and the local interconnect. The local interconnect
transfers signals between LEs in the same or adjacent LABs, IOEs, or ESBs.
The Quartus II Compiler places associated logic within an LAB or
adjacent LABs, allowing the use of a fast local interconnect for high
performance. Figure 3 shows the APEX 20K LAB.

APEX 20K devices use an interleaved LAB structure. This structure allows
each LE to drive two local interconnect areas. This feature minimizes use
of the MegaLLAB and FastTrack interconnect, providing higher
performance and flexibility. Each LE can drive 29 other LEs through the
fast local interconnect.

Figure 3. LAB Structure
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The 10 LEs in the LAB are driven by
two local interconnect areas. These LES
can drive two local interconnect areas.

1



APEX 20K Programmable Logic Device Family Data Sheet

Figure 6. APEX 20K Carry Chain
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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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Figure 22. ESB in Single-Port Mode  Note (1)
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Notes to Figure 22:
(1)  Allregisters can be asynchronously cleared by ESB local interconnect signals, global signals, or the chip-wide reset.
(2) APEX 20KE devices have four dedicated clocks.

Content-Addressable Memory

In APEX 20KE devices, the ESB can implement CAM. CAM can be
thought of as the inverse of RAM. When read, RAM outputs the data for
a given address. Conversely, CAM outputs an address for a given data
word. For example, if the data FA12 is stored in address 14, the CAM
outputs 14 when FA12 is driven into it.

CAM is used for high-speed search operations. When searching for data
within a RAM block, the search is performed serially. Thus, finding a
particular data word can take many cycles. CAM searches all addresses in
parallel and outputs the address storing a particular word. When a match
is found, a match flag is set high. Figure 23 shows the CAM block
diagram.
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MultiVolt 1/0
Interface

46

Under hot socketing conditions, APEX 20KE devices will not sustain any
damage, but the I/O pins will drive out.

The APEX device architecture supports the MultiVolt I/O interface
feature, which allows APEX devices in all packages to interface with
systems of different supply voltages. The devices have one set of VCC pins
for internal operation and input buffers (VCCINT), and another set forI/O
output drivers (VCCIO).

The APEX 20K VCCINT pins must always be connected to a 2.5 V power
supply. With a 2.5-V Vit level, input pins are 2.5-V, 3.3-V, and 5.0-V
tolerant. The VCCIO pins can be connected to either a 2.5-V or 3.3-V power
supply, depending on the output requirements. When VCCIO pins are
connected to a 2.5-V power supply, the output levels are compatible with
2.5-V systems. When the VCCIO 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 12 summarizes 5.0-V tolerant APEX 20K MultiVolt I/O support.

Table 12. 5.0-V Tolerant APEX 20K MultiVolt I/0 Support

Veeio (V) Input Signals (V) Output Signals (V)
2.5 3.3 5.0 2.5 3.3 5.0
25 v V(1) V(1) v
3.3 v v V(1) v(2) v v

Notes to Table 12:

(1) The PCI clamping diode must be disabled to drive an input with voltages higher
than VCCIO'

(2)  When Vo =3.3V, an APEX 20K device can drive a 2.5-V device with 3.3-V
tolerant inputs.

Open-drain output pins on 5.0-V tolerant APEX 20K devices (with a pull-
up resistor to the 5.0-V supply) can drive 5.0-V CMOS input pins that
require a Vg of 3.5 V. When the pin is inactive, the trace will be pulled up
to 5.0 V by the resistor. The open-drain pin will only drive low or tri-state;
itwill never drive high. The rise time is dependent on the value of the pull-
up resistor and load impedance. The I, current specification should be
considered when selecting a pull-up resistor.
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Table 24. APEX 20K 5.0-V Tolerant Device Recommended Operating Conditions  Note (2)

Symbol Parameter Conditions Min Max | Unit
Veeint | Supply voltage for internal logic | (4), (5) 2.375 2.625 \
and input buffers (2.375) (2.625)
Vecio | Supply voltage for output buffers, | (4), (5) 3.00 (3.00) | 3.60 (3.60) | V
3.3-V operation
Supply voltage for output buffers, | (4), (5) 2.375 2.625 \
2.5-V operation (2.375) (2.625)
V| Input voltage (3), (6) -0.5 5.75 \
Vo Output voltage 0 Vceio v
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

Table 25. APEX 20K 5.0-V Tolerant Device DC Operating Conditions (Part 10f2) Notes (2), (7), (8)

Symbol Parameter Conditions Min Typ Max Unit
Vin High-level input voltage 1.7, 0.5 xVecio 5.75 \
9)
Vi Low-level input voltage -0.5 0.8, 0.3 xVgcio \
%)
Vou 3.3-V high-level TTL output loy=-8 mA DC, 24 Vv
voltage Veeipo=3.00V (10)
3.3-V high-level CMOS output loy =-0.1 mADC, Vecio—0.2 \'
voltage VCClO =3.00V (70)
3.3-V high-level PCl output voltage | gy = —0.5 mA DC, 0.9 xVeeio Vv
VCCIO =3.00t03.60 V
(10)
2.5-V high-level output voltage lon =-0.1 mADC, 2.1 \'
Voo =230V (10)
loy=—-1mADC, 2.0 Vv
Veeio =230V (10)
loy=-2mADC, 1.7 \
Vecio=2.30V (10)
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Figure 37. APEX 20KE fyux Timing Model
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Note to Tables 32 and 33:

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

74

Tables 34 through 37 show APEX 20KE LE, ESB, routing, and functional
timing microparameters for the fj;4x timing model.

Table 34. APEX 20KE LE Timing Microparameters

Symbol Parameter
tsu LE register setup time before clock
ty LE register hold time after clock
tco LE register clock-to-output delay
tLut LUT delay for data-in to data-out

Table 35. APEX 20KE ESB Timing Microparameters

Symbol Parameter

tesBARC ESB Asynchronous read cycle time

tesesrc ESB Synchronous read cycle time

tesawe ESB Asynchronous write cycle time

teseswe ESB Synchronous write cycle time

tEsBWASU ESB write address setup time with respect to WE

tESBWAH ESB write address hold time with respect to WE

tesBwDsU ESB data setup time with respect to WE

tESBWDH 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

tEsBWEH ESB WE hold time after clock when using input register

tESBDATASU ESB data setup time before clock when using input register

tESBDATAH ESB data hold time after 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

tESBDATACO1 ESB clock-to-output delay when using output registers

tesBDATACO2 ESB clock-to-output delay without output registers

tesBDD ESB data-in to data-out delay for RAM mode

tpp ESB Macrocell input to non-registered output

tPTERMSU ESB Macrocell register setup time before clock

tPTERMCO ESB Macrocell register clock-to-output delay
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Table 36. APEX 20KE Routing Timing Microparameters  Note (1)
Symbol Parameter
tF14 Fanout delay using Local Interconnect
tes.00 Fanout delay estimate using Megalab Interconnect
troos Fanout delay estimate using FastTrack Interconnect

Note to Table 36:

(1) These parameters are worst-case values for typical applications. Post-compilation
timing simulation and timing analysis are required to determine actual worst-case

performance.
Table 37. APEX 20KE Functional Timing Microparameters
Symbol Parameter
TCH Minimum clock high time from clock pin
TCL Minimum clock low time from clock pin
TCLRP LE clear Pulse Width
TPREP LE preset pulse width
TESBCH Clock high time for ESB
TESBCL Clock low time for ESB
TESBWP Write pulse width
TESBRP Read pulse width

Tables 38 and 39 describe the APEX 20KE external timing parameters.

Table 38. APEX 20KE External Timing Parameters  Notfe (1)

Symbol Clock Parameter Conditions
tinsu Setup time with global clock at IOE input register
tiNH Hold time with global clock at IOE input register
touTtco Clock-to-output delay with global clock at IOE output register C1=10pF
tiINSUPLL Setup time with PLL clock at IOE input register
tINHPLL Hold time with PLL clock at IOE input register
touTtcopLL Clock-to-output delay with PLL clock at IOE output register C1=10pF
Altera Corporation 75
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Table 43. EP20K100 External Timing Parameters

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

tinsu (1) 2.3 2.8 3.2 ns
tinm (1) 0.0 0.0 0.0 ns
toutco (1) 2.0 45 2.0 4.9 2.0 6.6 ns
tinsu (2) 1.1 1.2 - ns
tine (2) 0.0 0.0 - ns
toutco (2) 0.5 2.7 0.5 3.1 - 4.8 ns

Table 44. EP20K100 External Bidirectional Timing Parameters

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

tinsusipir (1) 23 2.8 3.2 ns
tinnsiDIR (1) 0.0 0.0 0.0 ns
touTCcoBIDIR 2.0 4.5 2.0 4.9 2.0 6.6 ns
(1)
txzsipir (1) 5.0 5.9 6.9 ns
tzxsipir (1) 5.0 5.9 6.9 ns
tinsusipir (2 1.0 1.2 — ns
tinugiDIR (2) 0.0 0.0 - ns
toutcoBIDIR 0.5 2.7 0.5 3.1 _ _ ns
2)
txzsipIr (@) 4.3 5.0 - ns
tzxsiDIR (2) 4.3 5.0 - ns

Table 45. EP20K200 External Timing Parameters

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

tinsu (1) 1.9 2.3 2.6 ns
ting (1) 0.0 0.0 0.0 ns
touTco (1) 2.0 4.6 2.0 5.6 2.0 6.8 ns
tinsu (2) 1.1 1.2 - ns
tine (2) 0.0 0.0 - ns
toutco (@) 0.5 2.7 0.5 3.1 - - ns
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Tables 55 through 60 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 EP20K60E APEX 20KE devices.

Table 55. EP20K60E fyy LE Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tsu 0.17 0.15 0.16 ns
ty 0.32 0.33 0.39 ns
tco 0.29 0.40 0.60 ns
tLUT 0.77 1.07 1.59 ns
Altera Corporation 85
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Table 60. EP20K60E External Bidirectional Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tiNsuBIDIR 2.77 2.91 3.11 ns
YNHBIDIR 0.00 0.00 0.00 ns
touTcoBIDIR 2.00 4.84 2.00 5.31 2.00 5.81 ns
txzBIDIR 6.47 7.44 8.65 ns
tzxBIDIR 6.47 7.44 8.65 ns
tiINSUBIDIRPLL 3.44 3.24 - ns
YNHBIDIRPLL 0.00 0.00 - ns
touTCOBIDIRPLL 0.50 3.37 0.50 3.69 - - ns
txZzBIDIRPLL 5.00 5.82 - ns
tzxBIDIRPLL 5.00 5.82 - ns

Tables 61 through 66 describe f34x LE Timing Microparameters,
famax ESB Timing Microparameters, f;4 x Routing Delays, Minimum
Pulse Width Timing Parameters, External Timing Parameters, and
External Bidirectional Timing Parameters for EP20K100E

APEX 20KE devices.
Table 61. EP20K100E fyuy LE Timing Microparameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max

tsu 0.25 0.25 0.25 ns
ty 0.25 0.25 0.25 ns
tco 0.28 0.28 0.34 ns
tLut 0.80 0.95 1.13 ns
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Table 62. EP20K100E fy,y ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tesBARC 1.61 1.84 1.97 ns
tesBSRC 2.57 2.97 3.20 ns
tesBawC 0.52 4.09 4.39 ns
tesBswe 3.17 3.78 4.09 ns
tesBwAsuy 0.56 6.41 0.63 ns
tesBWAH 0.48 0.54 0.55 ns
tesewbsu 0.71 0.80 0.81 ns
tESBWDH .048 0.54 0.55 ns
tesBRASU 1.57 1.75 1.87 ns
tESBRAH 0.00 0.00 0.20 ns
tESBWESU 1.54 1.72 1.80 ns
tESBWEH 0.00 0.00 0.00 ns
tESBDATASU -0.16 -0.20 -0.20 ns
teseDATAH 0.13 0.13 0.13 ns
tesBWADDRSU 0.12 0.08 0.13 ns
tESBRADDRSU 0.17 0.15 0.19 ns
tesBDATACO1 1.20 1.39 1.52 ns
tEsBDATACO2 2.54 2.99 3.22 ns
tesBDD 3.06 3.56 3.85 ns
tpp 1.73 2.02 2.20 ns
tpTERMSU 1.11 1.26 1.38 ns
tpTERMCO 1.19 1.40 1.08 ns

Table 63. EP20K100E fy,y Routing Delays

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
trq-a 0.24 0.27 0.29 ns
trs.00 1.04 1.26 1.52 ns
troos 1.12 1.36 1.86 ns
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Table 69. EP20K160E fy4y Routing Delays

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
teq-a 0.25 0.26 0.28 ns
trs.00 1.00 1.18 1.35 ns
troos 1.95 2.19 2.30 ns
Table 70. EP20K160E Minimum Pulse Width Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
ton 1.34 1.43 1.55 ns
toL 1.34 1.43 1.55 ns
tcLrp 0.18 0.19 0.21 ns
tPREP 0.18 0.19 0.21 ns
tESBCH 1.34 1.43 1.55 ns
tESBCL 1.34 1.43 1.55 ns
tESBWP 1.15 1.45 1.73 ns
tESBRF’ 0.93 1.15 1.38 ns
Table 71. EP20K160E External Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
t|NSU 2.23 2.34 2.47 ns
tiNH 0.00 0.00 0.00 ns
toutco 2.00 5.07 2.00 5.59 2.00 6.13 ns
thSUPLL 212 2.07 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 3.00 0.50 3.35 - - ns
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Table 74. EP20K200E fy4y ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tesBARC 1.68 2.06 2.24 ns
tesBsRc 2.27 2.77 3.18 ns
tesBawc 3.10 3.86 4.50 ns
tesBswe 2.90 3.67 4.21 ns
tesBwASU 0.55 0.67 0.74 ns
tESBWAH 0.36 0.46 0.48 ns
tesBwDSU 0.69 0.83 0.95 ns
tesBWDH 0.36 0.46 0.48 ns
tesBRASU 1.61 1.90 2.09 ns
tesBRAH 0.00 0.00 0.01 ns
tesBWESU 1.42 1.71 2.01 ns
tesBWEH 0.00 0.00 0.00 ns
tesBDATASU -0.06 -0.07 0.05 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.11 0.13 0.31 ns
tESBRADDRSU 0.18 0.23 0.39 ns
tesBDATACO1 1.09 1.35 1.51 ns
tESBDATACO2 2.19 2.75 3.22 ns
tEsBDD 2.75 3.41 4.03 ns
tep 1.58 1.97 2.33 ns
tPTERMSU 1.00 1.22 1.51 ns
tpTERMCO 1.10 1.37 1.09 ns
Table 75. EP20K200E fyy Routing Delays
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
trq4 0.25 0.27 0.29 ns
tes.00 1.02 1.20 1.41 ns
teoos 1.99 2.23 2.53 ns
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Table 80. EP20K300E fy4x ESB Timing Microparameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tEsBARC 1.79 2.44 3.25 ns
tesBsRC 2.40 3.12 4.01 ns
tesBawc 3.41 4.65 6.20 ns
teseswc 3.68 4.68 5.93 ns
tesBwaAsU 1.55 2.12 2.83 ns
tespwAH 0.00 0.00 0.00 ns
tesBwDsU 1.71 2.33 3.11 ns
teSBWDH 0.00 0.00 0.00 ns
tEsBRASU 1.72 2.34 3.13 ns
tesBRAH 0.00 0.00 0.00 ns
tesBWESU 1.63 2.36 3.28 ns
teSBWENH 0.00 0.00 0.00 ns
tesBDATASU 0.07 0.39 0.80 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.27 0.67 1.17 ns
tESBRADDRSU 0.34 0.75 1.28 ns
tesBDATACO1 1.03 1.20 1.40 ns
tesBDATACO2 2.33 3.18 4.24 ns
tesBDD 3.41 4.65 6.20 ns
tep 1.68 2.29 3.06 ns
thTERMSU 0.96 1.48 2.14 ns
tpTERMCO 1.05 1.22 1.42 ns

Table 81. EP20K300E fy,x Routing Delays

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tr1-a 0.22 0.24 0.26 ns
tF5—20 1.33 1.43 1.58 ns
troos 3.63 3.93 4.35 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
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Table 99. EP20K1000E fy,x Routing Delays

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tr1-a 0.27 0.27 0.27 ns
tF5-2O 1.45 1.63 1.75 ns
tF20+ 415 4.33 4.97 ns
Table 100. EP20K1000E Minimum Pulse Width Timing Parameters
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
ton 1.25 1.43 1.67 ns
toL 1.25 1.43 1.67 ns
tcLrp 0.20 0.20 0.20 ns
tPF{EP 0.20 0.20 0.20 ns
tESBCH 1.25 1.43 1.67 ns
tessoL 1.25 1.43 1.67 ns
tESBWP 1.28 1.51 1.65 ns
tESBRP 1.1 1.29 1.41 ns
Table 101. EP20K1000E External Timing Parameters
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
t|NSU 2.70 2.84 2.97 ns
tiNH 0.00 0.00 0.00 ns
touTco 2.00 5.75 2.00 6.33 2.00 6.90 ns
t|NSUPLL 1.64 2.09 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 2.25 0.50 2.99 - - ns
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Version 4.1

APEX 20K Programmable Logic Device Family Data Sheet version 4.1
contains the following changes:

B tpspwey added to Figure 37 and Tables 35, 50, 56, 62, 68, 74, 86,
92,97, and 104.

B Updated EP20K300E device internal and external timing
numbers in Tables 79 through 84.
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