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Windows-based PCs, Sun SPARCstations, and HP 9000
Series 700/800 workstations

—  Altera MegaCore® functions and Altera Megafunction Partners
Program (AMPPSM) megafunctions

- NativeLink™ integration with popular synthesis, simulation,
and timing analysis tools

—  QuartusII SignalTap® embedded logic analyzer simplifies
in-system design evaluation by giving access to internal nodes
during device operation

—  Supports popular revision-control software packages including
PVCS, Revision Control System (RCS), and Source Code Control
System (SCCS))

Table 4. APEX 20K QFP, BGA & PGA Package Options & I/0 Count  Notes (1), (2)

Device 144-Pin | 208-Pin | 240-Pin |356-Pin BGA | 652-Pin BGA | 655-Pin PGA
TOFP POFP PQFP
RQFP RQFP
EP20K30E 92 125
EP20K60E 92 148 151 196
EP20K100 101 159 189 252
EP20K100E 92 151 183 246
EP20K160E 88 143 175 271
EP20K200 144 174 277
EP20K200E 136 168 271 376
EP20K300E 152 408
EP20K400 502 502
EP20K400E 488
EP20K600E 488
EP20K1000E 488
EP20K1500E 488
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APEX 20K devices provide two dedicated clock pins and four dedicated
input pins that drive register control inputs. These signals ensure efficient
distribution of high-speed, low-skew control signals. These signals use
dedicated routing channels to provide short delays and low skews. Four
of the dedicated inputs drive four global signals. These four global signals
can also be driven by internal logic, providing an ideal solution for a clock
divider or internally generated asynchronous clear signals with high
fan-out. The dedicated clock pins featured on the APEX 20K devices can
also feed logic. The devices also feature ClockLock and ClockBoost clock
management circuitry. APEX 20KE devices provide two additional
dedicated clock pins, for a total of four dedicated clock pins.

MegaLAB Structure

APEX 20K devices are constructed from a series of MegaLAB™
structures. Each MegaLAB structure contains a group of logic array blocks
(LABs), one ESB, and a MegaL AB interconnect, which routes signals
within the MegaL AB structure. The EP20K30E device has 10 LABs,
EP20K60E through EP20K600E devices have 16 LABs, and the
EP20K1000E and EP20K1500E devices have 24 LABs. Signals are routed
between MegaLAB structures and I/O pins via the FastTrack
Interconnect. In addition, edge LABs can be driven by I/O pins through
the local interconnect. Figure 2 shows the MegaLAB structure.

Figure 2. MegalLAB Structure
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Logic Element

The LE, the smallest unit of logic in the APEX 20K architecture, is compact
and provides efficient logic usage. Each LE contains a four-input LUT,

which is a function generator that can quickly implement any function of
four variables. In addition, each LE contains a programmable register and
carry and cascade chains. Each LE drives the local interconnect, MegaLAB
interconnect, and FastTrack Interconnect routing structures. See Figure 5.

Figure 5. APEX 20K Logic Element
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Each LE’s programmable register can be configured for D, T, JK, or SR
operation. The register’s clock and clear control signals can be driven by
global signals, general-purpose I/O pins, or any internal logic. For
combinatorial functions, the register is bypassed and the output of the
LUT drives the outputs of the LE.
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Figure 12. APEX 20KE FastRow Interconnect
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Table 9 summarizes how various elements of the APEX 20K architecture

drive each other.
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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
or four ESBs are used to support two simultaneous reads or writes. This
functionality is shown in Figure 19.

Figure 19. APEX 20K ESB Implementing Dual-Port RAM
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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
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(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.
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42

Each IOE drives a row, column, MegaLAB, or local interconnect when
used as an input or bidirectional pin. A row IOE can drive a local,
MegaAB, row, and column interconnect; a column IOE can drive the
column interconnect. Figure 27 shows how a row IOE connects to the

interconnect.

Figure 27. Row IOE Connection to the Interconnect
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Table 18. APEX 20KE Clock Input & Output Parameters  (Part 10f2) Note (1)
Symbol Parameter 1/0 Standard | -1X Speed Grade -2X Speed Grade | Units
Min Max Min Max
fvco (4) Voltage controlled oscillator 200 500 200 500 MHz
operating range
fCLOCKo Clock0 PLL output frequency 1.5 335 15 200 MHz
for internal use
foLock1 Clock1 PLL output frequency 20 335 20 200 MHz
for internal use
foLocko_ExT | Output clock frequency for 3.3-V LVTTL 1.5 245 1.5 226 | MHz
external clocko output 25VLVTTL | 15 234 15 221 | MHz
1.8-VLVTTL 1.5 223 1.5 216 MHz
GTL+ 1.5 205 1.5 193 MHz
SSTL-2 Class 1.5 158 1.5 157 MHz
|
SSTL-2 Class 1.5 142 1.5 142 MHz
1l
SSTL-3 Class 1.5 166 1.5 162 MHz
|
SSTL-3 Class 1.5 149 1.5 146 MHz
1l
LVDS 1.5 420 1.5 350 MHz
foLock1_gxT | Output clock frequency for 3.3-V LVTTL 20 245 20 226 MHz
external clock1 output 2.5V LVTTL 20 234 20 221 | MHz
1.8-VLVTTL 20 223 20 216 MHz
GTL+ 20 205 20 193 MHz
SSTL-2 Class 20 158 20 157 MHz
|
SSTL-2 Class 20 142 20 142 MHz
1l
SSTL-3 Class 20 166 20 162 | MHz
|
SSTL-3 Class 20 149 20 146 MHz
1l
LVDS 20 420 20 350 MHz
Altera Corporation 53
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Table 21. 32-Bit APEX 20K Device IDCODE
Device IDCODE (32 Bits) (7)
Version Part Number (16 Bits) Manufacturer 1 (1 Bit)
(4 Bits) Identity (11 Bits) 2)
EP20K30E 0000 1000 0000 0011 0000 000 0110 1110 1
EP20K60E 0000 1000 0000 0110 0000 000 0110 1110 1
EP20K100 0000 0000 0100 0001 0110 000 0110 1110 1
EP20K100E 0000 1000 0001 0000 0000 000 0110 1110 1
EP20K160E 0000 1000 0001 0110 0000 000 0110 1110 1
EP20K200 0000 0000 1000 0011 0010 000 0110 1110 1
EP20K200E 0000 1000 0010 0000 0000 000 0110 1110 1
EP20K300E 0000 1000 0011 0000 0000 000 0110 1110 1
EP20K400 0000 0001 0110 0110 0100 000 0110 1110 1
EP20K400E 0000 1000 0100 0000 0000 000 0110 1110 1
EP20K600E 0000 1000 0110 0000 0000 000 0110 1110 1
EP20K1000E 0000 1001 0000 0000 0000 000 0110 1110 1
Notes to Table 21:
(1) The most significant bit (MSB) is on the left.
(2) The IDCODE's least significant bit (LSB) is always 1.
Figure 31 shows the timing requirements for the JTAG signals.
Figure 31. APEX 20K JTAG Waveforms
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Generic Testing

58

Table 22 shows the JTAG timing parameters and values for APEX 20K
devices.

Table 22. APEX 20K JTAG Timing Parameters & Values
Symbol Parameter Min | Max | Unit
ticp TCK clock period 100 ns
ticH TCK clock high time 50 ns
tyoL TCK clock low time 50 ns
typsu JTAG port setup time 20 ns
tpH JTAG port hold time 45 ns
tpco JTAG port clock to output 25 ns
typzx JTAG port high impedance to valid output 25 ns
tpxz JTAG port valid output to high impedance 25 ns
tyssu Capture register setup time 20 ns
tysH Capture register hold time 45 ns
tysco Update register clock to output 35 ns
tyszx Update register high impedance to valid output 35 ns
tysxz Update register valid output to high impedance 35 ns

For more information, see the following documents:

W Application Note 39 (IEEE Std. 1149.1 (JTTAG) Boundary-Scan Testing in
Altera Devices)
W Jam Programming & Test Language Specification

Each APEX 20K device is functionally tested. Complete testing of each
configurable static random access memory (SRAM) bit and all logic
functionality ensures 100% yield. AC test measurements for APEX 20K
devices are made under conditions equivalent to those shown in

Figure 32. Multiple test patterns can be used to configure devices during
all stages of the production flow.

Altera Corporation
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Operating
Conditions

Figure 32. APEX 20K AC Test Conditions  Note (1)
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Device input JIG capacitance)
rise and fall
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Note to Figure 32:

(1) Power supply transients can affect AC measurements. Simultaneous transitions of
multiple outputs should be avoided for accurate measurement. Threshold tests
must not be performed under AC conditions. Large-amplitude, fast-ground-
current transients normally occur as the device outputs discharge the load
capacitances. When these transients flow through the parasitic inductance between
the device ground pin and the test system ground, significant reductions in
observable noise immunity can result.

Tables 23 through 26 provide information on absolute maximum ratings,
recommended operating conditions, DC operating conditions, and
capacitance for 2.5-V APEX 20K devices.

Table 23. APEX 20K 5.0-V Tolerant Device Absolute Maximum Ratings  Notes (1), (2)

Symbol Parameter Conditions Min Max | Unit
VeeinT Supply voltage With respect to ground (3) -0.5 3.6 \'
Vceio -0.5 4.6 \Y
A DC input voltage -2.0 5.75 \
lout DC output current, per pin -25 25 mA
Tstg Storage temperature No bias —65 150 °C
Tavs Ambient temperature Under bias -65 135 °C
TJ Junction temperature PQFP, RQFP, TQFP, and BGA packages, 135 °C
under bias
Ceramic PGA packages, under bias 150 °C
Altera Corporation 59
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Tables 40 through 42 show the fy;5x timing parameters for EP20K100,
EP20K200, and EP20K400 APEX 20K devices.

Table 40. EP20K100 fyay Timing Parameters

Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Units
Min Max Min Max Min Max
tsu 0.5 0.6 0.8 ns
ty 0.7 0.8 1.0 ns
tco 0.3 0.4 0.5 ns
tut 0.8 1.0 1.3 ns
tEsBRC 1.7 2.1 2.4 ns
tesswe 5.7 6.9 8.1 ns
tesBWESU 3.3 3.9 4.6 ns
tesBDATASU 22 2.7 3.1 ns
tESBOATAH 0.6 0.8 0.9 ns
tesBADDRSU 2.4 2.9 3.3 ns
tESBDATACOT 1.3 1.6 1.8 ns
tESBDATACO2 2.6 3.1 3.6 ns
tEsBDD 25 3.3 3.6 ns
top 25 3.0 3.6 ns
tPTERMSU 2.3 2.6 3.2 ns
tpTERMCO 1.5 1.8 2.1 ns
tF1-4 0.5 0.6 0.7 ns
tr5.20 1.6 1.7 1.8 ns
troo, 2.2 2.2 2.3 ns
toH 2.0 2.5 3.0 ns
toL 2.0 2.5 3.0 ns
toLRp 0.3 0.4 0.4 ns
thREP 05 05 05 ns
tesBCH 2.0 2.5 3.0 ns
tessoL 2.0 25 3.0 ns
tesawp 1.6 1.9 2.2 ns
teseRP 1.0 1.3 1.4 ns
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Table 46. EP20K200 External Bidirectional Timing Parameters

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

tinsusiDir (1) 1.9 2.3 2.6 ns
tinmBioR (1) 0.0 0.0 0.0 ns
toutcospir (1) 2.0 4.6 2.0 5.6 2.0 6.8 ns
txzeioig (1) 5.0 5.9 6.9 ns
tzxgioir (1) 5.0 5.9 6.9 ns
tinsusiDIR (2) 1.1 1.2 - ns
tinuBiDIR (2) 0.0 0.0 - ns
toutcosipir (2) 0.5 2.7 0.5 3.1 - - ns
txzeiDIR (2) 4.3 5.0 - ns
tzxeiDIR (2) 4.3 5.0 - ns

Table 47. EP20K400 External Timing Parameters

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

tinsu (1) 1.4 1.8 2.0 ns
tine (1) 0.0 0.0 0.0 ns
toutco (1) 2.0 4.9 2.0 6.1 2.0 7.0 ns
tinsu (@) 0.4 1.0 - ns
tine (2) 0.0 0.0 - ns
toutco (2) 0.5 3.1 0.5 4.1 - - ns

Table 48. EP20K400 External Bidirectional Timing Parameters

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

tinsusiDir (7) 1.4 1.8 2.0 ns
tinniDir (1) 0.0 0.0 0.0 ns
toutcosipir (1) 2.0 4.9 2.0 6.1 2.0 7.0 ns
txzeioir (1) 7.3 8.9 10.3 ns
tzxgioir (1) 7.3 8.9 10.3 ns
tinsusiDIr (2) 0.5 1.0 - ns
tinuBiDIR (2) 0.0 0.0 - ns
toutcosipir (2) 0.5 3.1 0.5 4.1 - - ns
txzeiDIR (2) 6.2 7.6 - ns
tzxgiDIR (2) 6.2 7.6 - ns
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Table 50. EP20K30E fy4y ESB Timing Microparameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tesBARC 2.03 2.86 4.24 ns
tesBsRc 2.58 3.49 5.02 ns
tesBawC 3.88 5.45 8.08 ns
tesBswe 4.08 5.35 7.48 ns
tesBWASU 1.77 2.49 3.68 ns
tegBWAH 0.00 0.00 0.00 ns
tesewbsu 1.95 2.74 4.05 ns
tESBWDH 0.00 0.00 0.00 ns
tesBRrASU 1.96 2.75 4.07 ns
teseRAH 0.00 0.00 0.00 ns
tEsBWESU 1.80 2.73 4.28 ns
tESBWEH 0.00 0.00 0.00 ns
tESBDATASU 0.07 0.48 1.17 ns
teseDATAH 0.13 0.13 0.13 ns
tesBWADDRSU 0.30 0.80 1.64 ns
tESBRADDRSU 0.37 0.90 1.78 ns
tesBDATACO1 1.11 1.32 1.67 ns
tEsBDATACO2 2.65 3.73 5.53 ns
tesBDD 3.88 5.45 8.08 ns
tep 1.91 2.69 3.98 ns
tPTERMSU 1.04 1.71 2.82 ns
tpTERMCO 1.13 1.34 1.69 ns
Table 51. EP20K30E fy,y Routing Delays
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
trq.a 0.24 0.27 0.31 ns
tes.00 1.03 1.14 1.30 ns
teogs 1.42 1.54 1.77 ns
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Table 52. EP20K30E Minimum Pulse Width Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
toH 0.55 0.78 1.15 ns
toL 0.55 0.78 1.15 ns
tcLrP 0.22 0.31 0.46 ns
tPREP 0.22 0.31 0.46 ns
tESBCH 0.55 0.78 1.15 ns
tESBCL 0.55 0.78 1.15 ns
tESBWP 1.43 2.01 2.97 ns
tESBRP 1.15 1.62 2.39 ns
Table 53. EP20K30E External Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tinsu 2.02 2.13 2.24 ns
tiNH 0.00 0.00 0.00 ns
toutco 2.00 4.88 2.00 5.36 2.00 5.88 ns
thSUPLL 2.11 2.23 - ns
thHPLL 0.00 0.00 - ns
toutcoprLL 0.50 2.60 0.50 2.88 - - ns
Table 54. EP20K30E External Bidirectional Timing Parameters
Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
tINSUBIDIF( 1.85 1.77 1.54 ns
thHBIDlR 0.00 0.00 0.00 ns
tOUTCOBlDlR 2.00 4.88 2.00 5.36 2.00 5.88 ns
tXZB|D|R 7.48 8.46 9.83 ns
tZXBlDlR 7.48 8.46 9.83 ns
tiNsuBIDIRPLL 4.12 4.24 - ns
YNHBIDIRPLL 0.00 0.00 - ns
touTcoBIDIRPLL 0.50 2.60 0.50 2.88 - - ns
txzBIDIRPLL 5.21 5.99 - ns
tzXBIDIRPLL 5.21 5.99 - ns
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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 82. EP20K300E Minimum Pulse Width Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
ton 1.25 1.43 1.67 ns
toL 1.25 1.43 1.67 ns
tcLrP 0.19 0.26 0.35 ns
tpREP 0.19 0.26 0.35 ns
tesBCH 1.25 1.43 1.67 ns
teseoL 1.25 1.43 1.67 ns
tesewp 1.25 1.71 2.28 ns
tesRP 1.01 1.38 1.84 ns

Table 83. EP20K300E External Timing Parameters

Symbol -1 -2 -3 Unit
Min Max Min Max Min Max
t|NSU 2.31 2.44 2.57 ns
Nk 0.00 0.00 0.00 ns
tOUTCO 2.00 5.29 2.00 5.82 2.00 6.24 ns
t|NSUPLL 1.76 1.85 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 2.65 0.50 2.95 - - ns

Table 84. EP20K300E External Bidirectional Timing Parameters

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

YiNSuBIDIR 2.77 2.85 3.11 ns
YNHBIDIR 0.00 0.00 0.00 ns
touTcoBIDIR 2.00 5.29 2.00 5.82 2.00 6.24 ns
txzBIDIR 7.59 8.30 9.09 ns
tzxBIDIR 7.59 8.30 9.09 ns
tiINSUBIDIRPLL 2.50 2.76 - ns
YNHBIDIRPLL 0.00 0.00 - ns
touTcOoBIDIRPLL 0.50 2.65 0.50 2.95 - - ns
txzBIDIRPLL 5.00 5.43 - ns
tzXBIDIRPLL 5.00 5.43 - ns
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Table 98. EP20K1000E fyx ESB Timing Microparameters

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

tesBARC 1.78 2.02 1.95 ns
tesBsRe 2.52 2.91 3.14 ns
tesBawc 3.52 4.11 4.40 ns
tesBswe 3.23 3.84 4.16 ns
tesBwASU 0.62 0.67 0.61 ns
tesBWAH 0.41 0.55 0.55 ns
tesBwDSU 0.77 0.79 0.81 ns
tesBWDH 0.41 0.55 0.55 ns
tesBRASU 1.74 1.92 1.85 ns
tesBRAH 0.00 0.01 0.23 ns
tesBwESU 2.07 2.28 2.41 ns
tesBWEH 0.00 0.00 0.00 ns
tEsBDATASU 0.25 0.27 0.29 ns
tESBDATAH 0.13 0.13 0.13 ns
tESBWADDRSU 0.11 0.04 011 =
tESBRADDRSU 0.14 0.11 0.16 ns
tesBDATACO1 1.29 1.50 1.63 ns
tesepDATACO2 2.55 2.99 3.22 ns
tesBDD 3.12 3.57 3.85 ns
) 1.84 2.13 2.32 ns
tPTERMSU 1.08 1.19 1.32 ns
tpTERMCO 1.31 1.53 1.66 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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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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