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Each LE has two outputs that drive the local, MegaLAB, or FastTrack 
Interconnect routing structure. Each output can be driven independently 
by the LUT’s or register’s output. For example, the LUT can drive one 
output while the register drives the other output. This feature, called 
register packing, improves device utilization because the register and the 
LUT can be used for unrelated functions. The LE can also drive out 
registered and unregistered versions of the LUT output.

The APEX 20K 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 MegaLAB 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 20K architecture 
to implement high-speed counters, adders, and comparators of arbitrary 
width. Carry chain logic can be created automatically by the Quartus II 
software Compiler during design processing, or manually by the designer 
during design entry. Parameterized functions such as library of 
parameterized modules (LPM) and DesignWare functions automatically 
take advantage of carry chains for the appropriate functions.

The Quartus II software Compiler creates carry chains longer than ten LEs 
by linking LABs together automatically. 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 
MegaLAB structure carries to the first LE of the third LAB in the 
MegaLAB structure.

Figure 6 shows how an n-bit full adder can be implemented in n + 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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Figure 18. Deep Memory Block Implemented with Multiple ESBs

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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Figure 25. APEX 20K Bidirectional I/O Registers Note (1)

Note to Figure 25: 
(1) The output enable and input registers are LE registers in the LAB adjacent to the bidirectional pin.
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Figure 26. APEX 20KE Bidirectional I/O Registers Notes (1), (2)

Notes to Figure 26:
(1) This programmable delay has four settings: off and three levels of delay. 
(2) The output enable and input registers are LE registers in the LAB adjacent to the bidirectional pin.
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The APEX 20K device instruction register length is 10 bits. The APEX 20K 
device USERCODE register length is 32 bits. Tables 20 and 21 show the 
boundary-scan register length and device IDCODE information for 
APEX 20K devices.

Note to Table 20:
(1) This device does not support JTAG boundary scan testing.

Table 20. APEX 20K Boundary-Scan Register Length

Device Boundary-Scan Register Length

EP20K30E 420

EP20K60E 624

EP20K100 786

EP20K100E 774

EP20K160E 984

EP20K200 1,176

EP20K200E 1,164

EP20K300E 1,266

EP20K400 1,536

EP20K400E 1,506

EP20K600E 1,806

EP20K1000E 2,190

EP20K1500E 1 (1)
56 Altera Corporation
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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

Table 21. 32-Bit APEX 20K Device IDCODE

Device IDCODE (32 Bits) (1)

Version 
(4 Bits)

Part Number (16 Bits) Manufacturer
Identity (11 Bits)

1 (1 Bit) 
(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

TDO

TCK

tJPZX tJPCO

tJPH

t JPXZ

 tJCP

 tJPSU t JCL tJCH

TDI

TMS

Signal
to Be

Captured

Signal
to Be

Driven

tJSZX

tJSSU tJSH

tJSCO tJSXZ
Altera Corporation  57



APEX 20K Programmable Logic Device Family Data Sheet
Table 24. APEX 20K 5.0-V Tolerant Device Recommended Operating Conditions Note (2)

Symbol Parameter Conditions Min Max Unit

VCCINT Supply voltage for internal logic 
and input buffers

(4), (5) 2.375 
(2.375)

2.625 
(2.625)

V

VCCIO Supply voltage for output buffers, 
3.3-V operation

(4), (5) 3.00 (3.00) 3.60 (3.60) V

Supply voltage for output buffers, 
2.5-V operation

(4), (5) 2.375 
(2.375)

2.625 
(2.625)

V

VI Input voltage (3), (6) –0.5 5.75 V

VO Output voltage 0 VCCIO V

TJ Junction temperature For commercial use 0 85 ° C

For industrial use –40 100 ° C

tR Input rise time 40 ns

tF Input fall time 40 ns

Table 25. APEX 20K 5.0-V Tolerant Device DC Operating Conditions  (Part 1 of 2) Notes (2), (7), (8)

Symbol Parameter Conditions Min Typ Max Unit
VIH High-level input voltage 1.7, 0.5 × VCCIO 

(9)
5.75 V

VIL Low-level input voltage –0.5 0.8, 0.3 × VCCIO 
(9)

V

VOH 3.3-V high-level TTL output 
voltage

IOH = –8 mA DC, 
VCCIO = 3.00 V (10)

2.4 V

3.3-V high-level CMOS output 
voltage

IOH = –0.1 mA DC, 
VCCIO = 3.00 V (10)

VCCIO – 0.2 V

3.3-V high-level PCI output voltage IOH = –0.5 mA DC, 
VCCIO = 3.00 to 3.60 V 
(10)

0.9 × VCCIO V

2.5-V high-level output voltage IOH = –0.1 mA DC, 
VCCIO = 2.30 V (10)

2.1 V

IOH = –1 mA DC, 
VCCIO = 2.30 V (10) 

2.0 V

IOH = –2 mA DC, 
VCCIO = 2.30 V (10)

1.7 V
60 Altera Corporation
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VOL 3.3-V low-level TTL output voltage IOL = 12 mA DC, 
VCCIO = 3.00 V (11)

0.45 V

3.3-V low-level CMOS output 
voltage

IOL = 0.1 mA DC, 
VCCIO = 3.00 V (11)

0.2 V

3.3-V low-level PCI output voltage IOL = 1.5 mA DC, 
VCCIO = 3.00 to 3.60 V 
(11)

0.1 × VCCIO V

2.5-V low-level output voltage IOL = 0.1 mA DC, 
VCCIO = 2.30 V (11)

0.2 V

IOL = 1 mA DC, 
VCCIO = 2.30 V (11)

0.4 V

IOL = 2 mA DC, 
VCCIO = 2.30 V (11)

0.7 V

II Input pin leakage current VI = 5.75 to –0.5 V –10 10 µA

IOZ Tri-stated I/O pin leakage current VO = 5.75 to –0.5 V –10 10 µA

ICC0 VCC supply current (standby) 
(All ESBs in power-down mode)

VI = ground, no load, no 
toggling inputs, -1 speed 
grade (12)

10 mA

VI = ground, no load, no 
toggling inputs,
-2, -3 speed grades (12)

5 mA

RCONF Value of I/O pin pull-up resistor 
before and during configuration

VCCIO = 3.0 V (13) 20 50 W

VCCIO = 2.375 V (13) 30 80 W

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

Symbol Parameter Conditions Min Typ Max Unit
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1 For DC Operating Specifications on APEX 20KE I/O standards, 
please refer to Application Note 117 (Using Selectable I/O Standards 
in Altera Devices).

Notes to Tables 27 through 30:
(1) See the Operating Requirements for Altera Devices Data Sheet.
(2) Minimum DC input is –0.5 V. During transitions, the inputs may undershoot to –2.0 V or overshoot to 5.75 V for 

input currents less than 100 mA and periods shorter than 20 ns.
(3) Numbers in parentheses are for industrial-temperature-range devices.
(4) Maximum VCC rise time is 100 ms, and VCC must rise monotonically.
(5) Minimum DC input is –0.5 V. During transitions, the inputs may undershoot to –2.0 V or overshoot to the voltage 

shown in the following table based on input duty cycle for input currents less than 100 mA. The overshoot is 
dependent upon duty cycle of the signal. The DC case is equivalent to 100% duty cycle.
Vin                   Max. Duty Cycle
4.0V                 100% (DC)
4.1                    90%
4.2                    50%
4.3                    30%
4.4                    17%
4.5                    10%

(6) All pins, including dedicated inputs, clock, I/O, and JTAG pins, may be driven before VCCINT and VCCIO are 
powered.

(7) Typical values are for TA = 25° C, VCCINT = 1.8 V, and VCCIO = 1.8 V, 2.5 V or 3.3 V.
(8) These values are specified under the APEX 20KE device recommended operating conditions, shown in Table 24 on 

page 60.
(9) Refer to Application Note 117 (Using Selectable I/O Standards in Altera Devices) for the VIH, VIL, VOH, VOL, and II 

parameters when VCCIO = 1.8 V.
(10) The APEX 20KE input buffers are compatible with 1.8-V, 2.5-V and 3.3-V (LVTTL and LVCMOS) signals. 

Additionally, the input buffers are 3.3-V PCI compliant. Input buffers also meet specifications for GTL+, CTT, AGP, 
SSTL-2, SSTL-3, and HSTL.

(11) The IOH parameter refers to high-level TTL, PCI, or CMOS output current.
(12) The IOL parameter refers to low-level TTL, PCI, or CMOS output current. This parameter applies to open-drain pins 

as well as output pins.
(13) This value is specified for normal device operation. The value may vary during power-up.
(14) Pin pull-up resistance values will be lower if an external source drives the pin higher than VCCIO.
(15) Capacitance is sample-tested only.

Figure 33 shows the relationship between VCCIO and VCCINT for 3.3-V PCI 
compliance on APEX 20K devices.

Table 30. APEX 20KE Device Capacitance Note (15)

Symbol Parameter Conditions Min Max Unit
CIN Input capacitance VIN = 0 V, f = 1.0 MHz 8 pF

CINCLK Input capacitance on 
dedicated clock pin

VIN = 0 V, f = 1.0 MHz 12 pF

COUT Output capacitance VOUT = 0 V, f = 1.0 MHz 8 pF
Altera Corporation  65
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Figure 40. Synchronous Bidirectional Pin External Timing

Notes to Figure 40:
(1) The output enable and input registers are LE registers in the LAB adjacent to a 

bidirectional row pin. The output enable register is set with “Output Enable 
Routing= Signal-Pin” option in the Quartus II software.

(2) The LAB adjacent input register is set with “Decrease Input Delay to Internal Cells= 
Off”. This maintains a zero hold time for lab adjacent registers while giving a fast, 
position independent setup time. A faster setup time with zero hold time is possible 
by setting “Decrease Input Delay to Internal Cells= ON” and moving the input 
register farther away from the bidirectional pin. The exact position where zero hold 
occurs with the minimum setup time, varies with device density and speed grade.

Table 31 describes the fMAX timing parameters shown in Figure 36 on 
page 68.
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Table 31. APEX 20K fMAX Timing Parameters  (Part 1 of 2)

Symbol Parameter

tSU LE register setup time before clock

tH LE register hold time after clock

tCO LE register clock-to-output delay

tLUT LUT delay for data-in

tESBRC ESB Asynchronous read cycle time

tESBWC ESB Asynchronous write cycle time

tESBWESU ESB WE setup time before 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

tESBADDRSU ESB address setup time before clock when using input registers

tESBDATACO1 ESB clock-to-output delay when using output registers
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Tables 32 and 33 describe APEX 20K external timing parameters.

tESBDATACO2 ESB clock-to-output delay without output registers

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

tPD ESB macrocell input to non-registered output

tPTERMSU ESB macrocell register setup time before clock

tPTERMCO ESB macrocell register clock-to-output delay 

tF1-4 Fanout delay using local interconnect

tF5-20 Fanout delay using MegaLab Interconnect

tF20+ Fanout delay using FastTrack Interconnect

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

tESBCL Clock low time

tESBWP Write pulse width

tESBRP Read pulse width

Table 31. APEX 20K fMAX Timing Parameters  (Part 2 of 2)

Symbol Parameter

Table 32. APEX 20K External Timing Parameters Note (1)

Symbol Clock Parameter

tINSU Setup time with global clock at IOE register

tINH Hold time with global clock at IOE register

tOUTCO Clock-to-output delay with global clock at IOE register

Table 33. APEX 20K External Bidirectional Timing Parameters Note (1)

Symbol Parameter Conditions

tINSUBIDIR Setup time for bidirectional pins with global clock at same-row or same-
column LE register

tINHBIDIR Hold time for bidirectional pins with global clock at same-row or same-
column LE register

tOUTCOBIDIR Clock-to-output delay for bidirectional pins with global clock at IOE 
register

C1 = 10 pF

tXZBIDIR Synchronous IOE output buffer disable delay C1 = 10 pF

tZXBIDIR Synchronous IOE output buffer enable delay, slow slew rate = off C1 = 10 pF



APEX 20K Programmable Logic Device Family Data Sheet
Table 41. EP20K200 fMAX 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

tH 0.7 0.8 1.0 ns

tCO 0.3 0.4 0.5 ns

tLUT 0.8 1.0 1.3 ns

tESBRC 1.7 2.1 2.4 ns

tESBWC 5.7 6.9 8.1 ns

tESBWESU 3.3 3.9 4.6 ns

tESBDATASU 2.2 2.7 3.1 ns

tESBDATAH 0.6 0.8 0.9 ns

tESBADDRSU 2.4 2.9 3.3 ns

tESBDATACO1 1.3 1.6 1.8 ns

tESBDATACO2 2.6 3.1 3.6 ns

tESBDD 2.5 3.3 3.6 ns

tPD 2.5 3.0 3.6 ns

tPTERMSU 2.3 2.7 3.2 ns

tPTERMCO 1.5 1.8 2.1 ns

tF1-4 0.5 0.6 0.7 ns

tF5-20 1.6 1.7 1.8 ns

tF20+ 2.2 2.2 2.3 ns

tCH 2.0 2.5 3.0 ns

tCL 2.0 2.5 3.0 ns

tCLRP 0.3 0.4 0.4 ns

tPREP 0.4 0.5 0.5 ns

tESBCH 2.0 2.5 3.0 ns

tESBCL 2.0 2.5 3.0 ns

tESBWP 1.6 1.9 2.2 ns

tESBRP 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

tINSUBIDIR (1) 1.9 2.3 2.6 ns

tINHBIDIR (1) 0.0 0.0 0.0 ns

tOUTCOBIDIR (1) 2.0 4.6 2.0 5.6 2.0 6.8 ns

tXZBIDIR (1) 5.0 5.9 6.9 ns

tZXBIDIR (1) 5.0 5.9 6.9 ns

tINSUBIDIR (2) 1.1 1.2 – ns

tINHBIDIR (2) 0.0 0.0 – ns

tOUTCOBIDIR (2) 0.5 2.7 0.5 3.1 – – ns

tXZBIDIR (2) 4.3 5.0 – ns

tZXBIDIR (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

tINH (1) 0.0 0.0 0.0 ns

tOUTCO (1) 2.0 4.9 2.0 6.1 2.0 7.0 ns

tINSU (2) 0.4 1.0 – ns

tINH (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

tINSUBIDIR (1) 1.4 1.8 2.0 ns

tINHBIDIR (1) 0.0 0.0 0.0 ns

tOUTCOBIDIR (1) 2.0 4.9 2.0 6.1 2.0 7.0 ns

tXZBIDIR (1) 7.3 8.9 10.3 ns

tZXBIDIR (1) 7.3 8.9 10.3 ns

tINSUBIDIR (2) 0.5 1.0 – ns

tINHBIDIR (2) 0.0 0.0 – ns

tOUTCOBIDIR (2) 0.5 3.1 0.5 4.1 – – ns

tXZBIDIR (2) 6.2 7.6 – ns

tZXBIDIR (2) 6.2 7.6 – ns
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Tables 61 through 66 describe fMAX LE Timing Microparameters, 
fMAX ESB Timing Microparameters, fMAX Routing Delays, Minimum 
Pulse Width Timing Parameters, External Timing Parameters, and 
External Bidirectional Timing Parameters for EP20K100E 
APEX 20KE devices.

Table 60. EP20K60E External Bidirectional Timing Parameters

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tI N S U B I D I R 2.77 2.91 3.11 ns

tI N H B ID IR 0.00 0.00 0.00 ns

tO U T C O B I D I R 2.00 4.84 2.00 5.31 2.00 5.81 ns

tX Z B I D I R 6.47 7.44 8.65 ns

tZ X B I D I R 6.47 7.44 8.65 ns

tI N S U B I D I R P L L 3.44 3.24 - ns

tI N H B ID IR P L L 0.00 0.00 - ns

tO U T C O B I D I R P L L 0.50 3.37 0.50 3.69 - - ns

tX Z B I D I R P L L 5.00 5.82 - ns

tZ X B I D I R P L L 5.00 5.82 - ns

Table 61. EP20K100E fMAX LE Timing Microparameters 

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tSU 0.25 0.25 0.25 ns

tH 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 74. EP20K200E fMAX 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

tESBSWC 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

tPD 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 fMAX Routing Delays

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tF1-4 0.25 0.27 0.29 ns

tF5-20 1.02 1.20 1.41 ns

tF20+ 1.99 2.23 2.53 ns
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APEX 20K Programmable Logic Device Family Data Sheet
Tables 79 through 84 describe fMAX LE Timing Microparameters, fMAX 
ESB Timing Microparameters, fMAX Routing Delays, Minimum Pulse 
Width Timing Parameters, External Timing Parameters, and External 
Bidirectional Timing Parameters for EP20K300E APEX 20KE devices.

Table 78. EP20K200E External Bidirectional Timing Parameters

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tI N S U B I D I R 2.81 3.19 3.54 ns

tI N H B ID IR 0.00 0.00 0.00 ns

tO U T C O B I D I R 2.00 5.12 2.00 5.62 2.00 6.11 ns

tX Z B I D I R 7.51 8.32 8.67 ns

tZ X B I D I R 7.51 8.32 8.67 ns

tI N S U B I D I R P L L 3.30 3.64 - ns

tI N H B ID IR P L L 0.00 0.00 - ns

tO U T C O B I D I R P L L 0.50 3.01 0.50 3.36 - - ns

tX Z B I D I R P L L 5.40 6.05 - ns

tZ X B I D I R P L L 5.40 6.05 - ns

Table 79. EP20K300E fMAX LE Timing Microparameters 

Symbol -1 -2 -3 Unit

Min Max Min Max Min Max

tSU 0.16 0.17 0.18 ns

tH 0.31 0.33 0.38 ns

tCO 0.28 0.38 0.51 ns

tLUT 0.79 1.07 1.43 ns
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APEX 20K Programmable Logic Device Family Data Sheet
Tables 97 through 102 describe fMAX LE Timing Microparameters, fMAX 
ESB Timing Microparameters, fMAX Routing Delays, Minimum Pulse 
Width Timing Parameters, External Timing Parameters, and External 
Bidirectional Timing Parameters for EP20K1000E APEX 20KE devices.

Table 97. EP20K1000E fMAX LE Timing Microparameters

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

Min Max Min Max Min Max

tSU 0.25 0.25 0.25 ns

tH 0.25 0.25 0.25 ns

tCO 0.28 0.32 0.33 ns

tLUT 0.80 0.95 1.13 ns
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Table 98. EP20K1000E fMAX 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

tESBSRC 2.52 2.91 3.14 ns

tESBAWC 3.52 4.11 4.40 ns

tESBSWC 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 0.11 ns

tESBRADDRSU 0.14 0.11 0.16 ns

tESBDATACO1 1.29 1.50 1.63 ns

tESBDATACO2 2.55 2.99 3.22 ns

tESBDD 3.12 3.57 3.85 ns

tPD 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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Table 99. EP20K1000E fMAX Routing Delays

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

Min Max Min Max Min Max

tF1-4 0.27 0.27 0.27 ns

tF5-20 1.45 1.63 1.75 ns

tF20+ 4.15 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

tCH 1.25 1.43 1.67 ns

tCL 1.25 1.43 1.67 ns

tCLRP 0.20 0.20 0.20 ns

tPREP 0.20 0.20 0.20 ns

tESBCH 1.25 1.43 1.67 ns

tESBCL 1.25 1.43 1.67 ns

tESBWP 1.28 1.51 1.65 ns

tESBRP 1.11 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

tI N S U 2.70 2.84 2.97 ns

tI N H 0.00 0.00 0.00 ns

tO U T C O 2.00 5.75 2.00 6.33 2.00 6.90 ns

tI N S U P L L  1.64 2.09 - ns

tI N H P L L  0.00 0.00 - ns

tO U T C O P L L 0.50 2.25 0.50 2.99 - - ns
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Table 106. EP20K1500E Minimum Pulse Width Timing Parameters

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

Min Max Min Max Min Max

tCH 1.25 1.43 1.67 ns

tCL 1.25 1.43 1.67 ns

tCLRP 0.20 0.20 0.20 ns

tPREP 0.20 0.20 0.20 ns

tESBCH 1.25 1.43 1.67 ns

tESBCL 1.25 1.43 1.67 ns

tESBWP 1.28 1.51 1.65 ns

tESBRP 1.11 1.29 1.41 ns

Table 107. EP20K1500E External Timing Parameters

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

Min Max Min Max Min Max

tI N S U  3.09 3.30 3.58 ns

tI N H 0.00 0.00 0.00 ns

tO U T C O 2.00 6.18 2.00 6.81 2.00 7.36 ns

tI N S U P L L  1.94 2.08 - ns

tI N H P L L  0.00 0.00 - ns

tO U T C O P L L 0.50 2.67 0.50 2.99 - - ns
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