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APEX 20KC Programmable Logic Device Data Sheet

B Advanced interconnect structure

- Copper interconnect for high performance

- Four-level hierarchical FastTrack® interconnect structure
providing fast, predictable interconnect delays

- Dedicated carry chain that implements arithmetic functions such
as fast adders, counters, and comparators (automatically used by
software tools and megafunctions)

- Dedicated cascade chain that implements high-speed,
high-fan-in logic functions (automatically used by software tools
and megafunctions)

— Interleaved local interconnect allows one LE to drive 29 other
LEs through the fast local interconnect

B Advanced software support

- Software design support and automatic place-and-route
provided by the Altera® Quartus™ II development system for
Windows-based PCs, Sun SPARCstations, and HP 9000
Series 700/800 workstations

—  Altera MegaCore® functions and Altera Megafunction Partners
Program (AMPPSM) megafunctions optimized for APEX 20KC
architecture available

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

- Quartus II 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, RCS, and SCCS

Table 3. APEX 20KC QFP & BGA Package Options & I/0 Count  Notes (1), (2)

Device 208-Pin PQFP | 240-Pin PQFP | 356-Pin BGA | 652-Pin BGA

EP20K200C 136 168 271

EP20K400C 488
EP20K600C 488
EP20K1000C 488
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APEX 20KC devices include additional features such as enhanced I/O
standard support, CAM, additional global clocks, and enhanced
ClockLock clock circuitry. Table 7 shows the features included in
APEX 20KC devices.

Table 7. APEX 20KC Device Features (Part 1 of 2)

Feature APEX 20KC Devices
MultiCore system integration Full support
Hot-socketing support Full support
SignalTap logic analysis Full support
32-/64-bit, 33-MHz PCI Full compliance
32-/64-bit, 66-MHz PCI Full compliance in -7 and -8 speed grades in
selected devices
MultiVolt /0 1.8-V, 2.5-V, or 3.3-V Vg0

Vccio selected bank by bank
5.0-V tolerant with use of external resistor

ClockLock support Clock delay reduction

m/(n x v) clock multiplication
Drive ClockLock output off-chip
External clock feedback
ClockShift circuitry

LVDS support

Up to four PLLs

ClockShift clock phase adjustment

Dedicated clock and input pins Eight

Altera Corporation 5
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Figure 11 shows the intersection of a row and column interconnect, and
how these forms of interconnects and LEs drive each other.

Figure 11. Driving the FastTrack Interconnect
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APEX 20KC devices include an enhanced interconnect structure for faster
routing of input signals with high fan-out. Column I/O pins can drive the
FastRow™ interconnect, which routes signals directly into the local
interconnect without having to drive through the MegaLAB interconnect.
The FastRow lines traverse two MegalLAB structures. Also, these pins can
drive the local interconnect directly for fast setup times. On EP20K400C
and larger devices, the FastRow interconnect drives the two MegaLAB
structures in the top left corner, the two MegaL AB structures in the two
right corner, the two MegaLAB structures in the bottom left corner, and
the two MegaLAB structures in the bottom right corner. On EP20K200C
and smaller devices, FastRow interconnect drives the two MegaLAB
structures on the top and the two MegaLAB structures on the bottom of
the device. On all devices, the FastRow interconnect drives all local
interconnect in the appropriate MegaLAB structures except the end local
interconnect on the side of the MegaLLAB opposite the ESB. Pins using the
FastRow interconnect achieve a faster set-up time, as the signal does not
need to use a MegaLAB interconnect line to reach the destination LE.
Figure 12 shows the FastRow interconnect.

Altera Corporation
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The programmable register also supports an asynchronous clear function.
Within the ESB, two asynchronous clears are generated from global
signals and the local interconnect. Each macrocell can either choose
between the two asynchronous clear signals or choose to not be cleared.
Either of the two clear signals can be inverted within the ESB. Figure 15
shows the ESB control logic when implementing product-terms.

Figure 15. ESB Product-Term Mode Control Logic
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Parallel Expanders

Parallel expanders are unused product terms that can be allocated to a
neighboring macrocell to implement fast, complex logic functions.
Parallel expanders allow up to 32 product terms to feed the macrocell OR
logic directly, with two product terms provided by the macrocell and

30 parallel expanders provided by the neighboring macrocells in the ESB.

The Quartus II Compiler can allocate up to 15 sets of up to two parallel
expanders per set to the macrocells automatically. Each set of two parallel
expanders incurs a small, incremental timing delay. Figure 16 shows the
APEX 20KC parallel expanders.

27
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Figure 16. APEX 20KC Parallel Expanders
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The ESB can implement various types of memory blocks, including
dual-port RAM, ROM, FIFO, and CAM blocks. The ESB includes input
and output registers; the input registers synchronize writes, and the
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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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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Note to Figure 20:
(1)  Allregisters can be cleared asynchronously by ESB local interconnect signals, global signals, or the chip-wide reset.
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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.

34 Altera Corporation
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Implementing Logic in ROM

In addition to implementing logic with product terms, the ESB can
implement logic functions when it is programmed with a read-only
pattern during configuration, creating a large LUT. With LUTs,
combinatorial functions are implemented by looking up the results, rather
than by computing them. This implementation of combinatorial functions
can be faster than using algorithms implemented in general logic, a
performance advantage that is further enhanced by the fast access times
of ESBs. The large capacity of ESBs enables designers to implement
complex functions in one logic level without the routing delays associated
with linked LEs or distributed RAM blocks. Parameterized functions such
as LPM functions can take advantage of the ESB automatically. Further,
the Quartus II software can implement portions of a design with ESBs
where appropriate.

Programmable Speed/Power Control

APEX 20KC ESBs offer a high-speed mode that supports very fast
operation on an ESB-by-ESB basis. When high speed is not required, this
feature can be turned off to reduce the ESB’s power dissipation by up to
50%. ESBs that run at low power incur a nominal timing delay adder. This
Turbo Bit™ option is available for ESBs that implement product-term
logic or memory functions. An ESB that is not used will be powered down
so that it does not consume DC current.

Designers can program each ESB in the APEX 20KC device for either
high-speed or low-power operation. As a result, speed-critical paths in the
design can run at high speed, while the remaining paths operate at
reduced power.

1/0 Structure The APEX 20KC IOE contains a bidirectional I/O buffer and a register
that can be used either as an input register for external data requiring fast
setup times or as an output register for data requiring fast clock-to-output
performance. IOEs can be used as input, output, or bidirectional pins.

Altera Corporation 37
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Table 12. APEX 20KC Clock Input & Output Parameters (Part20f2)  Note (1)

Symbol Parameter 1/0 Standard -7 Speed Grade | -8 Speed Grade | Units
Min Max Min Max

ferock1_ext | Output clock frequency for 3.3-V LVTTL (5) (5) (5) (5) MHz

external clock1 output 25-V LVTTL (5) (5) (5) (5) MHz

1.8-V LVTTL (5) (5) (5) (5) MHz

GTL+ (5) (5) (5) (5) MHz

SSTL-2 Class | (5) (5) (5) (5) MHz

SSTL-2 Class I (5) (5) (5) (5) MHz

SSTL-3 Class | (5) (5) (5) (5) MHz

SSTL-3 Class Il (5) (5) (5) (5) MHz

LVDS (5) (5) (5) (5) MHz

fin Input clock frequency 3.3-V LVTTL (5) (5) (5) (5) MHz

2.5-V LVTTL (5) (5) (5) (5) MHz

1.8-V LVTTL (5) (5) (5) (5) MHz

GTL+ (5) (5) (5) (5) MHz

SSTL-2 Class | (5) (5) (5) (5) MHz

SSTL-2 Class Il (5) (5) (5) (5) MHz

SSTL-3 Class | (5) (5) (5) (5) MHz

SSTL-3 Class Il (5) (5) (5) (5) MHz

LVDS (5) (5) (5) (5) MHz

Notes to Tables 11 and 12:

(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 ps or 2,000 input clock cycles, whichever occurs first.

(3) Before configuration, the PLL circuits are disable and powered down. During configuration, the PLLs remain
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 < fy,o < 840 MHz for LVDS mode.

(5) Contact Altera Applications for information on these parameters.

SignalTap
Embedded

Logic Analyzer

50

APEX 20KC devices include device enhancements to support the
SignalTap embedded logic analyzer. By including this circuitry, the
APEX 20KC 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
1/0 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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Altera Corporation

Figure 30. APEX 20KC JTAG Waveforms
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Table 16 shows the JTAG timing parameters and values for APEX 20KC

devices.
Table 16. APEX 20KC JTAG Timing Parameters & Values
Symbol Parameter Min | Max | Unit
tycp TCK clock period 100 ns
tycH TCK clock high time 50 ns
tycL TCK clock low time 50 ns
typsu JTAG port setup time 20 ns
tyPH JTAG port hold time 45 ns
tyirco JTAG port clock to output 25 ns
tyipzx JTAG port high impedance to valid output 25 ns
tipxz 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 (JTAG) Boundary-Scan Testing in
Altera Devices)
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Table 32. SSTL-3 Class Il Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units

Veeio I/0 supply voltage 3.0 3.3 3.6 \

Vi Termination voltage VRegr —0.05 VRer Vger + 0.05 \"

VREF Reference voltage 1.3 1.5 1.7 \

V4 High-level input Vger + 0.2 Veeio + 0.3 \
voltage

Vi Low-level input -0.3 Vgerp—0.2 \
voltage

Vou High-level output loy=—16 mA (1) Vi1 +0.8 \
voltage

VoL Low-level output loo=16mA (2) Vi1-0.8 \
voltage

Table 33. HSTL Class I I/0 Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units

Veeio I/0 supply voltage 1.71 1.8 1.89 \

Vit Termination voltage VRgeg —0.05 VRer Vger + 0.05 \"

VREF Reference voltage 0.68 0.75 0.90 \

V4 High-level input Vgeg + 0.1 Veeio + 0.3 \
voltage

Vi Low-level input -0.3 Vger — 0.1 \
voltage

Vou High-level output loy=—8mA (1) Veeio — 0.4 \
voltage

VoL Low-level output lo,=8mA (2) 0.4 \
voltage

62 Altera Corporation
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Table 34. 3.3-V AGP I/0 Specifications

Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Veeio I/0 supply voltage 3.15 3.3 3.45 \Y
VRer Reference voltage 0.39 x Voo 0.41 xVceio \
ViH High-level input 0.5 x Voo Veeio + 0.5 \
voltage

Vi Low-level input 0.3 x Voo \
voltage

Vou High-level output loyT =500 pA 0.9 x Voo 3.6 \
voltage

VoL Low-level output loyT = 1,500 pA 0.1 x Voo \
voltage

I\ Input pin leakage 0<Vin<Vecio -10 10 pA
current

Table 35. CTT I/0 Specifications
Symbol Parameter Conditions Minimum | Typical | Maximum | Units
Veeio I/0 supply voltage 3.0 3.3 3.6 \Y
V11/VRer (3) | Termination and 1.35 1.5 1.65 \
reference voltage

V4 High-level input Vgeg + 0.2 \
voltage

Vi Low-level input Vgep—0.2 \
voltage

I Input pin leakage 0<Vin<Vecio -10 10 pA
current

Vou High-level output lon =-8mA (1) Vger + 0.4 \
voltage

VoL Low-level output loL=8mA (2) Vger — 0.4 \
voltage

lo Output leakage GND <Voyt<Vecio -10 10 pA
current (when output
is high Z)

Notes to Tables 21 through 35:
(1) The Ioy parameter refers to high-level output current.
(2) The Ipy parameter refers to low-level output current. This parameter applies to open-drain pins as well as output

pins.

(3)  VRgr specifies center point of switching range.

Altera Corporation

Figure 31 shows the output drive characteristics of APEX 20KC devices.
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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.

Figure 32 shows the fj 14 x timing model for APEX 20KC devices.

Figure 32. fyax Timing Model
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Figures 33 and 34 show the asynchronous and synchronous
timingwaveforms, respectively, for the ESB macroparameters in Table 37.
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Figure 35. Synchronous Bidirectional Pin External Timing
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Notes to Figure 35:

(1) The output enable and input registers are LE registers in the LAB adjacent to the
bidirectional pin. Use the “Output Enable Routing = Single-Pin” option in the
Quartus II software to set the output enable register.

(2) Use the “Decrease Input Delay to Internal Cells = OFF” option in the Quartus II
software to set the LAB-adjacent input register. This maintains a zero hold time for
LAB-adjacent registers while giving a fast, position-independent setup time. Set
“Decrease Input Delay to Internal Cells = ON” and move the input register farther
away from the bidirectional pin for a faster setup time with zero hold time. The
exact position where zero hold occurs with the minimum setup time varies with
device density and speed grade.

Tables 36 to 38 describes the fy14x timing parameters shown in Figure 32.
Table 39 describes the functional timing parameters.

Table 36. APEX 20KC fyuy LE Timing Parameters

Symbol Parameter
tsy LE register setup time before clock
ty LE register hold time before clock
tco LE register clock-to-output delay
bur LUT delay for data-in to data-out
68 Altera Corporation
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PLL

Table 41. 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 2
register

txzBIDIR Synchronous output enable register to output buffer disable delay 2

tzxBIDIR Synchronous output enable register to output buffer enable delay 2

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 | (2)

txzBIDIRPLL Synchronous output enable register to output buffer disable delay with | (2)
PLL

tzxBIDIRPLL Synchronous output enable register to output buffer enable delay with 2

Notes to Tables 40 and 41:

(Y]
@

These timing parameters are sample-tested only.
For more information, refer to Table 43.

Tables 42 and 43 define the timing delays for each I/O standard. Some
output standards require test load circuits for AC timing measurements as

shown in Figures 36 through 38.

Table 42. APEX 20KC Selectable I/0 Standard Input Adder Delays (Part10f2)  Note (1)
Symbol Parameter Condition
LVCMOS Input adder delay for the LVCMOS 1/O standard
LVTTL Input adder delay for the LVTTL I/O standard
25V Input adder delay for the 2.5-V I/O standard
1.8V Input adder delay for the 1.8-V I/O standard
PCI Input adder delay for the PCI I/O standard
GTl+ Input adder delay for the GTL+ I/O standard
SSTL-3 Class | Input adder delay for the SSTL-3 Class | I/0O standard
SSTL-3 Class Il Input adder delay for the SSTL-3 Class Il I/O standard
SSTL-2 Class | Input adder delay for the SSTL -2 Class | I/O standard
SSTL-2 Class Il Input adder delay for the SSTL -2 Class Il I/O standard

Altera Corporation
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Table 42. APEX 20KC Selectable I/0 Standard Input Adder Delays (Part2 of2)  Note (1)
Symbol Parameter Condition

LVDS Input adder delay for the LVDS 1/O standard

CTT Input adder delay for the CTT I/O standard

AGP Input adder delay for the AGP I/O standard

Table 43. APEX 20KC Selectable 1/0 Standard Output Adder Delays  Note (1)
Symbol Parameter Condition

LVCMOS Output adder delay for the LVCMOS 1/O standard

LVTTL Output adder delay for the LVTTL I/O standard Cload = 35 pF
Rup = 564.5 Q
Rdn =430 Q (2)

25V Output adder delay for the 2.5-V I/O standard Cload = 35 pF
Rup = 450 O
Rdn =450 Q (2)

1.8V Output adder delay for the 1.8-V I/O standard Cload = 35 pF
Rup =520 Q
Rdn =480 Q (2)

PCI Output adder delay for the PCI I/O standard Cload = 10 pF
Rup=1M Q
Rdn=250Q (2)

GTl+ Output adder delay for the GTL+ I/O standard Cload = 30 pF
Rup=25Q (2)

SSTL-3 Class | Output adder delay for the SSTL-3 Class | I/0O standard | Cload1 = 0 pF
Cload2 = 30 pF
R=25Q (2)

SSTL-3 Class Il Output adder delay for the SSTL-3 Class Il I/O standard | Cload1 = 0 pF
Cload2 = 30 pF
R=25Q(2)

SSTL-2 Class | Output adder delay for the SSTL-2 Class | I/O standard

SSTL-2 Class Il Output adder delay for the SSTL-2 Class Il I/0 standard

LVDS Output adder delay for the LVDS /O standard Cload = 4 pF
R=100 Q (2)

CTT Output adder delay for the CTT I/O standard

AGP Output adder delay for the AGP 1/O standard

Note to Tables 42 and 43:
(1) These delays report the differences in delays for different I/O standards. Add the delay for the I/O standard that

is used to the external timing parameters.
(2)  See Figure 36 for more information.
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Table 49. EP20K200C External Bidirectional Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
thHBlDlR 0.00 0.00 0.00 ns
tOUTCOBlDlR 2.00 3.79 2.00 4.31 2.00 4.70 ns
txzBIDIR 6.12 6.51 7.89 ns
tzxBIDIR 6.12 6.51 7.89 ns
tinsuBIDIRPLL 2.82 3.47 - ns
YINHBIDIRPLL 0.00 0.00 - ns
toutcoBIDIRPLL 0.50 2.36 0.50 2.62 - - ns
txzBIDIRPLL 4.69 4.82 - ns
tzxBIDIRPLL 4.69 4.82 - ns
Table 50. EP20K400C fyx LE Timing Parameters
Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
tsu 0.01 0.01 0.01 ns
ty 0.10 0.10 0.10 ns
tco 0.27 0.30 0.32 ns
tLUT 0.65 0.78 0.92 ns
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Table 51. EP20K400C fy,x ESB Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
tesBaRC 1.30 1.51 1.69 ns
tesBsrc 2.35 2.49 2.72 ns
tessawe 2.92 3.46 3.86 ns
teseswe 3.05 3.44 3.85 ns
tesewasu 0.45 0.50 0.54 ns
tesBwWAH 0.44 0.50 0.55 ns
tESBWDSU 0.57 0.63 0.68 ns
tesswoH 0.44 0.50 0.55 ns
tesBrasu 1.25 1.43 1.56 ns
tESBHAH 0.00 0.03 0.11 ns
tESBWESU 0.00 0.00 0.00 ns
tesBpATASU 2.01 2.27 2.45 ns
tesBwADDRSU -0.20 -0.24 -0.28 ns
tesBrRADDRSU 0.02 0.00 -0.02 ns
tesepaTAcO1 1.09 1.28 1.43 ns
tesBpATACO2 2.10 2.52 2.82 ns
teseDD 2.50 2.97 3.32 ns
tep 1.48 1.78 2.00 ns
tpTERMSU 0.58 0.72 0.81 ns
teTERMCO 1.10 1.29 1.45 ns
Table 52. EP20K400C fy,x Routing Delays
Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
trig 0.15 0.17 0.19 ns
trs.00 0.94 1.06 1.25 ns
trops 1.73 1.96 2.30 ns
Altera Corporation 77
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Table 53. EP20K400C Minimum Pulse Width Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
toH 1.33 1.66 2.00 ns
tor 1.33 1.66 2.00 ns
tcLrp 0.20 0.20 0.20 ns
trreP 0.20 0.20 0.20 ns
tesaeH 1.33 1.66 2.00 ns
tesecr 1.33 1.66 2.00 ns
tesBwP 1.05 1.28 1.44 ns
teserP 0.87 1.06 1.19 ns

Table 54. EP20K400C External Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
t|NSU 1.37 1.52 1.64 ns
tiNH 0.00 0.00 0.00 ns
tOUTCO 2.00 4.25 2.00 4.61 2.00 5.03 ns
tINSUPLL 0.80 0.91 - ns
thHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 2.27 0.50 2.55 - - ns
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Table 59. EP20K600C Minimum Pulse Width Timing Parameters

Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
tcH 1.33 1.66 2.00 ns
ter 1.33 1.66 2.00 ns
teLrp 0.20 0.20 0.20 ns
tPREP 0.20 0.20 0.20 ns
tESBCH 1.33 1.66 2.00 ns
tESBCL 1.33 1.66 2.00 ns
tESBWP 1.05 1.28 1.44 ns
tESBHP 0.87 1.06 1.19 ns
Table 60. EP20K600C External Timing Parameters
Symbol -7 Speed Grade -8 Speed Grade -9 Speed Grade Unit
Min Max Min Max Min Max
tinsu 1.28 1.40 1.45 ns
tiNH 0.00 0.00 0.00 ns
toutco 2.00 4.29 2.00 4.77 2.00 5.11 ns
thSUPLL 0.80 0.91 - ns
tINHPLL 0.00 0.00 - ns
tOUTCOPLL 0.50 2.37 0.50 2.63 - - ns
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