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FLEX 10K Embedded Programmable Logic Device Family Data Sheet

Table 4. FLEX 10K Package Optians & I/0 Pin Count  Note (1)
Device 84-Pin 100-Pin 144-Pin TQFP 208-Pin 240-Pin
PLCC TQFP PQFP PQFP
RQFP RQFP
EPF10K10 59 102 134
EPF10K10A 66 102 134
EPF10K20 102 147 189
EPF10K30 147 189
EPF10K30A 102 147 189
EPF10K40 147 189
EPF10K50 189
EPF10K50V 189
EPF10K70 189
EPF10K100
EPF10K100A 189
EPF10K130V
EPF10K250A
Table 5. FLEX 10K Package Options & I/0 Pin Count (Continued)  Note (1)
Device 503-Pin | 599-Pin 256-Pin 356-Pin 484-Pin 600-Pin 403-Pin
PGA PGA | FineLine BGA | BGA FineLine BGA BGA PGA
EPF10K10
EPF10K10A 150 150 (2)
EPF10K20
EPF10K30 246
EPF10K30A 191 246 246
EPF10K40
EPF10K50 274 310
EPF10K50V 274
EPF10K70 358
EPF10K100 406
EPF10K100A 274 369 406
EPF10K130V 470 470
EPF10K250A 470 470
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Figure 1. FLEX 10K Device Block Diagram
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FLEX 10K devices provide six dedicated inputs that drive the flipflops’
control inputs to ensure the efficient distribution of high-speed, low-skew
(less than 1.5 ns) control signals. These signals use dedicated routing
channels that provide shorter delays and lower skews than the FastTrack
Interconnect. 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 an internally generated asynchronous clear
signal that clears many registers in the device.

Embedded Array Block

The EAB is a flexible block of RAM with registers on the input and output
ports, and is used to implement common gate array megafunctions. The
EAB is also suitable for functions such as multipliers, vector scalars, and
error correction circuits, because it is large and flexible. These functions
can be combined in applications such as digital filters and
microcontrollers.
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Logic Array Block

Each LAB consists of eight LEs, their associated carry and cascade chains,
LAB control signals, and the LAB local interconnect. The LAB provides
the coarse-grained structure to the FLEX 10K architecture, facilitating
efficient routing with optimum device utilization and high performance.
See Figure 5.

Figure 5. FLEX 10K LAB
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Notes:

(1) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
22 inputs to the LAB local interconnect channel from the row; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V,
and EPF10K250A devices have 26.

(2) EPF10K10, EPF10K10A, EPF10K20, EPF10K30, EPF10K30A, EPF10K40, EPF10K50, and EPF10K50V devices have
30 LAB local interconnect channels; EPF10K70, EPF10K100, EPF10K100A, EPF10K130V, and EPF10K250A devices
have 34 LABs.
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Each LAB provides four control signals with programmable inversion
that can be used in all eight LEs. Two of these signals can be used as clocks;
the other two can be used for clear/preset control. The LAB clocks can be
driven by the dedicated clock input pins, global signals, I/O signals, or
internal signals via the LAB local interconnect. The LAB preset and clear
control signals can be driven by the global signals, I/O signals, or internal
signals via the LAB local interconnect. The global control signals are
typically used for global clock, clear, or preset signals because they
provide asynchronous control with very low skew across the device. If
logic is required on a control signal, it can be generated in one or more LEs
in any LAB and driven into the local interconnect of the target LAB. In
addition, the global control signals can be generated from LE outputs.

Logic Element

The LE, the smallest unit of logic in the FLEX 10K architecture, has a
compact size that provides efficient logic utilization. Each LE contains a
four-input LUT, which is a function generator that can quickly compute
any function of four variables. In addition, each LE contains a
programmable flipflop with a synchronous enable, a carry chain, and a
cascade chain. Each LE drives both the local and the FastTrack
Interconnect. See Figure 6.

Figure 6. FLEX 10K Logic Element
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Cascade Chain

With the cascade chain, the FLEX 10K architecture can implement
functions that have a very wide fan-in. Adjacent LUTs can be used to
compute portions of the function in parallel; the cascade chain serially
connects the intermediate values. The cascade chain can use a logical AND
or logical OR (via De Morgan’s inversion) to connect the outputs of
adjacent LEs. Each additional LE provides four more inputs to the
effective width of a function, with a delay as low as 0.7 ns per LE. Cascade
chain logic can be created automatically by the Compiler during design
processing, or manually by the designer during design entry.

Cascade chains longer than eight bits are implemented automatically by
linking several LABs together. For easier routing, a long cascade chain
skips every other LAB in a row. A cascade chain longer than one LAB
skips either from even-numbered LAB to even-numbered LAB, or from
odd-numbered LAB to odd-numbered LAB (e.g., the last LE of the first
LAB in a row cascades to the first LE of the third LAB). The cascade chain
does not cross the center of the row (e.g., in the EPF10K50 device, the
cascade chain stops at the eighteenth LAB and a new one begins at the
nineteenth LAB). This break is due to the EAB’s placement in the middle
of the row.

Figure 8 shows how the cascade function can connect adjacent LEs to form
functions with a wide fan-in. These examples show functions of 4n
variables implemented with 1 LEs. The LE delay is as low as 1.6 ns; the
cascade chain delay is as low as 0.7 ns. With the cascade chain, 3.7 ns is
needed to decode a 16-bit address.

Figure 8. Cascade Chain Operation
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Up/Down Counter Mode

The up/down counter mode offers counter enable, clock enable,
synchronous up/down control, and data loading options. These control
signals are generated by the data inputs from the LAB local interconnect,
the carry-in signal, and output feedback from the programmable register.
The Up/down counter mode uses 2 three-input LUTs: one generates the
counter data, and the other generates the fast carry bit. A 2-to-1
multiplexer provides synchronous loading. Data can also be loaded
asynchronously with the clear and preset register control signals, without
using the LUT resources.

Clearable Counter Mode

The clearable counter mode is similar to the up/down counter mode, but
supports a synchronous clear instead of the up/down control. The clear
function is substituted for the cascade-in signal in the up/down counter
mode. Clearable counter mode uses 2 three-input LUTs: one generates the
counter data, and the other generates the fast carry bit. Synchronous
loading is provided by a 2-to-1 multiplexer. The output of this multiplexer
is ANDed with a synchronous clear signal.

Internal Tri-State Emulation

Internal tri-state emulation provides internal tri-stating without the
limitations of a physical tri-state bus. In a physical tri-state bus, the
tri-state buffers” output enable (CE) signals select which signal drives the
bus. However, if multiple CE signals are active, contending signals can be
driven onto the bus. Conversely, if no OE signals are active, the bus will
float. Internal tri-state emulation resolves contending tri-state buffers to a
low value and floating buses to a high value, thereby eliminating these
problems. The Altera software automatically implements tri-state bus
functionality with a multiplexer.

Clear & Preset Logic Control

Logic for the programmable register’s clear and preset functions is
controlled by the DATA3, LABCTRL1, and LABCTRL2 inputs to the LE. The
clear and preset control structure of the LE asynchronously loads signals
into a register. Either LABCTRL1 or LABCTRL2 can control the
asynchronous clear. Alternatively, the register can be set up so that
LABCTRL1 implements an asynchronous load. The data to be loaded is
driven to DATA3; when LABCTRL1 is asserted, DATA3 is loaded into the
register.

21
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1/0 Element

An1/0 element (IOE) contains a bidirectional I/O buffer and a register
that can be used either as an input register for external data that requires
a fast setup time, or as an output register for data that requires fast clock-
to-output performance. In some cases, using an LE register for an input
register will result in a faster setup time than using an IOE register. IOEs
can be used as input, output, or bidirectional pins. For bidirectional
registered I/O implementation, the output register should be in the IOE
and, the data input and output enable register should be LE registers
placed adjacent to the bidirectional pin. The Compiler uses the
programmable inversion option to invert signals from the row and
column interconnect automatically where appropriate. Figure 13 shows
the bidirectional I/O registers.

29
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Figure 13. Bidirectional I/0 Registers
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Table 24. EPF10K50V & EPF10K130V Device DC Operating Conditions

Notes (6), (7)

Symbol Parameter Conditions Min Typ Max Unit
ViH High-level input voltage 2.0 5.75 \%
VL Low-level input voltage -0.5 0.8 \%
Von 3.3-V high-level TTL output lon =—-8 mA DC (8) 2.4 \Y
voltage
3.3-V high-level CMOS output |lgy =-0.1 mA DC (8) Veceio—0.2 \Y
voltage
VoL 3.3-V low-level TTL output loL =8 mADC (9) 0.45 \Y
voltage
3.3-V low-level CMOS output  [I5, =0.1 mA DC (9) 0.2 \%
voltage
I Input pin leakage current V,=5.3V1t0-0.3V (10) -10 10 HA
loz Tri-stated /O pin leakage Vo =5.3V1to-0.3V (10) -10 10 HA
current
lcco Vcc supply current (standby) |V, = ground, no load 0.3 10 mA
V| =ground, no load (11) 10 mA
Table 25. EPF10K50V & EPF10K130V Device Capacitance (12)
Symbol Parameter Conditions Min Max Unit
Cin Input capacitance Vin=0V,f=1.0MHz 10 pF
CincLk | Input capacitance on dedicated |V, =0V, f=1.0 MHz 15 pF
clock pin
Cout |Output capacitance Voutr =0V, f=1.0 MHz 10 pF

Notes to tables:
(1)  See the Operating Requirements for Altera Devices Data Sheet.
(2)  Minimum DC inputvoltage 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.
(8) Numbers in parentheses are for industrial-temperature-range devices.
(4) Maximum V¢ rise time is 100 ms. V¢ must rise monotonically.
(5) EPF10K50V and EPF10K130V device inputs may be driven before V eyt and Vo are powered.
(6) Typical values are for Ty =25°Cand V- =3.3 V.
(7)  These values are specified under the EPF10K50V and EPF10K130V device Recommended Operating Conditions in
Table 23 on page 48.
(8) The Ioy parameter refers to high-level TTL or CMOS output current.
(9) The Igp, parameter refers to low-level TTL or CMOS output current. This parameter applies to open-drain pins as
well as output pins.

(10) This value is specified for normal device operation. The value may vary during power-up.

(11) This parameter applies to -1 speed grade EPF10K50V devices, -2 speed grade EPF10K50V industrial temperature
devices, and -2 speed grade EPF10K130V devices.
(12) Capacitance is sample-tested only.

Altera Corporation
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Timing simulation and delay prediction are available with the
MAX+PLUS II Simulator and Timing Analyzer, or with industry-
standard EDA tools. The Simulator offers both pre-synthesis functional
simulation to evaluate logic design accuracy and post-synthesis timing
simulation with 0.1-ns resolution. The Timing Analyzer provides point-
to-point timing delay information, setup and hold time analysis, and
device-wide performance analysis.

Figure 24 shows the overall timing model, which maps the possible paths
to and from the various elements of the FLEX 10K device.

Figure 24. FLEX 10K Device Timing Model
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Figures 25 through 27 show the delays that correspond to various paths
and functions within the LE, IOE, and EAB timing models.

Figure 25. FLEX 10K Device LE Timing Model
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Notes to tables:

(1) Microparameters are timing delays contributed by individual architectural elements. These parameters cannot be

measured explicitly.
(2) Operating conditions: Vccpo= 5.0 V + 5% for commercial use in FLEX 10K devices.
Vecro = 5.0 V £ 10% for industrial use in FLEX 10K devices.

Vecro = 3-3V £ 10% for commercial or industrial use in FLEX 10KA devices.
(3) Operating conditions: Vo= 3.3 V +10% for commercial or industrial use in FLEX 10K devices.
Veeio=2.5V 0.2 V for commercial or industrial use in FLEX 10KA devices.

(4) Operating conditions: Vcep=2.5V,33V,0r50V.

(5) Because the RAM in the EAB is self-timed, this parameter can be ignored when the VIE signal is registered.
(6) EAB macroparameters are internal parameters that can simplify predicting the behavior of an EAB at its boundary;

these parameters are calculated by summing selected microparameters.

(7)  These parameters are worst-case values for typical applications. Post-compilation timing simulation and timing

analysis are required to determine actual worst-case performance.

(8) External reference timing parameters are factory-tested, worst-case values specified by
subset of signal paths is tested to approximate typical device applications.

(9) Contact Altera Applications for test circuit specifications and test conditions.

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

Altera. A representative

Figures 29 and 30 show the asynchronous and synchronous timing
waveforms, respectively, for the EAB macroparameters in Table 34.

Figure 29. EAB Asynchronous Timing Waveforms
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Table 51. EPF10K30, EPF10K40 & EPF10K50 Device EAB Internal Timing Macroparameters  Note (1)
Symbol -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max
teaBAA 13.7 17.0 ns
teABRCCOMB 13.7 17.0 ns
lEABRCREG 9.7 11.9 ns
teaBWP 5.8 7.2 ns
teABWCCOMB 7.3 9.0 ns
lEABWCREG 13.0 16.0 ns
teABDD 10.0 12.5 ns
tEABDATACO 2.0 3.4 ns
lEABDATASU 5.3 5.6 ns
tEABDATAH 0.0 0.0 ns
tEABWESU 5.5 5.8 ns
tEABWEH 0.0 0.0 ns
teABWDSU 5.5 5.8 ns
tEABWDH 0.0 0.0 ns
teaBWASU 2.1 2.7 ns
tEABWAH 0.0 0.0 ns
teaBWO 9.5 11.8 ns
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Notes to tables:

(1)  All timing parameters are described in Tables 32 through 38 in this data sheet.

(2) Using an LE to register the signal may provide a lower setup time.

(3) This parameter is specified by characterization.

Tables 57 through 63 show EPF10K70 device internal and external timing

parameters.
Table 57. EPF10K70 Device LE Timing Microparameters Note (1)
Symbol -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max
tLut 1.3 1.5 2.0 ns
teLut 0.4 0.4 0.5 ns
trLUT 1.5 1.6 2.0 ns
tpACKED 0.8 0.9 1.3 ns
ten 0.8 0.9 1.2 ns
tcico 0.2 0.2 0.3 ns
teeEN 1.0 1.1 1.4 ns
tcGENR 11 1.2 15 ns
tcasc 1.0 11 13 ns
te 0.7 0.8 1.0 ns
tco 0.9 1.0 1.4 ns
tcoms 0.4 0.5 0.7 ns
tsy 1.9 2.1 2.6 ns
ty 2.1 2.3 3.1 ns
tpRE 0.9 1.0 14 ns
telr 0.9 1.0 1.4 ns
ten 4.0 4.0 4.0 ns
toL 4.0 4.0 4.0 ns
78 Altera Corporation
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Tables 71 through 77 show EPF10K50V device internal and external
timing parameters.

Table 71. EPF10K50V Device LE Timing Microparameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade -4 Speed Grade Unit
Min Max Min Max Min Max Min Max

tLuT 0.9 1.0 1.3 1.6 ns
teLuT 0.1 0.5 0.6 0.6 ns
tRLUT 0.5 0.8 0.9 1.0 ns
tpACKED 0.4 0.4 0.5 0.7 ns
ten 0.7 0.9 1.1 1.4 ns
tcico 0.2 0.2 0.2 0.3 ns
teEN 0.8 0.7 0.8 1.2 ns
tccENR 0.4 0.3 0.3 0.4 ns
teasc 0.7 0.7 0.8 0.9 ns
te 0.3 1.0 1.3 15 ns
tco 0.5 0.7 0.9 1.0 ns
tcoms 0.4 0.4 0.5 0.6 ns
tsy 0.8 1.6 2.2 2.5 ns
thy 0.5 0.8 1.0 1.4 ns
tpRE 0.8 0.4 0.5 0.5 ns
tolr 0.8 0.4 0.5 0.5 ns
ten 2.0 4.0 4.0 4.0 ns
teL 2.0 4.0 4.0 4.0 ns
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Notes to tables:

(1)  All timing parameters are described in Tables 32 through 38 in this data sheet.
(2) Using an LE to register the signal may provide a lower setup time.

(3)  This parameter is specified by characterization.

Tables 99 through 105 show EPF10K100A device internal and external
timing parameters.

Table 99. EPF10K100A Device LE Timing Microparameters Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tLuT 1.0 1.2 1.4 ns
tcrur 0.8 0.9 11 ns
trLUT 1.4 1.6 1.9 ns
tpACKED 0.4 0.5 0.5 ns
ten 0.6 0.7 0.8 ns
tcico 0.2 0.2 0.3 ns
tcaen 0.4 0.4 0.6 ns
tcGENR 0.6 0.7 0.8 ns
tcasc 0.7 0.9 1.0 ns
te 0.9 1.0 1.2 ns
teo 0.2 0.3 0.3 ns
tcoms 0.6 0.7 0.8 ns
tsy 0.8 1.0 1.2 ns
thy 0.3 0.5 0.5 ns
tpRE 0.3 0.3 0.4 ns
tolr 0.3 0.3 0.4 ns
ten 2.5 3.5 4.0 ns
teL 2.5 3.5 4.0 ns
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Table 103. EPF10K100A Device Interconnect Timing Microparameters  Noie (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
toiN2IOE 4.8 5.4 6.0 ns
tDIN2LE 2.0 2.4 2.7 ns
{DIN2DATA 2.4 2.7 2.9 ns
tbcLk210E 2.6 3.0 35 ns
tbcLkeoLE 2.0 2.4 2.7 ns
{sAMELAB 0.1 0.1 0.1 ns
tsAMEROW 15 1.7 1.9 ns
tsamMECOLUMN 5.5 6.5 7.4 ns
IbiIFFROW 7.0 8.2 9.3 ns
trworows 8.5 9.9 11.2 ns
Y EPERIPH 3.9 4.2 45 ns
YL ABCARRY 0.2 0.2 0.3 ns
fLaBCASC 0.4 0.5 0.6 ns
Table 104. EPF10K100A Device External Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tbRR 12.5 14.5 17.0 ns
tinsu (2), (3) 3.7 45 5.1 ns
tin (3) 0.0 0.0 0.0 ns
toutco (3) 2.0 5.3 2.0 6.1 2.0 7.2 ns
Table 105. EPF10K100A Device External Bidirectional Timing Parameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tiINSUBIDIR 4.9 5.8 6.8 ns
tINHBIDIR 0.0 0.0 0.0 ns
tOUTCOB|D|R 2.0 53 2.0 6.1 2.0 7.2 ns
tXZBIDIR 7.4 8.6 10.1 ns
tzxBIDIR 7.4 8.6 10.1 ns
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Table 107. EPF10K250A Device IOE Timing Microparameters  Note (1)
Symbol -1 Speed Grade -2 Speed Grade -3 Speed Grade Unit
Min Max Min Max Min Max
tiop 1.2 1.3 1.6 ns
tioc 0.4 0.4 0.5 ns
tioco 0.8 0.9 11 ns
tiocoms 0.7 0.7 0.8 ns
tiosu 2.7 3.1 3.6 ns
tion 0.2 0.3 0.3 ns
tiocLr 1.2 1.3 1.6 ns
top1 3.2 3.6 4.2 ns
top2 5.9 6.7 7.8 ns
tops 8.7 9.8 11.5 ns
tyz 38 4.3 5.0 ns
trx1 3.8 4.3 5.0 ns
tzxo 6.5 7.4 8.6 ns
tzx3 9.3 10.5 12.3 ns
tiNREG 8.2 9.3 10.9 ns
tiorp 9.0 10.2 12.0 ns
tincomB 9.0 10.2 12.0 ns
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Notes to tables:

(1) All timing parameters are described in Tables 32 through 37 in this data sheet.
(2) Using an LE to register the signal may provide a lower setup time.

(3)  This parameter is specified by characterization.

ClockLock & For the ClockLock and ClockBoost circuitry to function properly, the
incoming clock must meet certain requirements. If these specifications are

ClockBoost not met, the circuitry may not lock onto the incoming clock, which

Ti mlng generates an erroneous clock within the device. The clock generated by
the ClockLock and ClockBoost circuitry must also meet certain

Parameters specifications. If the incoming clock meets these requirements during

configuration, the ClockLock and ClockBoost circuitry will lock onto the
clock during configuration. The circuit will be ready for use immediately
after configuration. Figure 31 illustrates the incoming and generated clock
specifications.

Figure 31. Specifications for the Incoming & Generated Clocks

The t; parameter refers to the nominal input clock period; the ty parameter refers to the
nominal output clock period.
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Table 113 summarizes the ClockLock and ClockBoost parameters.

Table 113. ClockLock & ClockBoost Parameters  (Part 1 of 2)
Symbol Parameter Min | Typ | Max | Unit
tR Input rise time 2 ns
te Input fall time 2 ns
tivouty | Input duty cycle 45 55 %
foke Input clock frequency (ClockBoost clock multiplication factor equals 1) 30 80 MHz
toke Input clock period (ClockBoost clock multiplication factor equals 1) 12.5 33.3 ns
foLke Input clock frequency (ClockBoost clock multiplication factor equals 2) 16 50 MHz
toLke Input clock period (ClockBoost clock multiplication factor equals 2) 20 62.5 ns
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Figure 32. Iggactive vs- Operating Frequency (Part 3 of 3)
EPF10K250A

3,500 o

3,000

2,500 -

Icc Supply
Current (mA)
1,500 |

2,000

1,000 H

500 —

T T T
20 40 60 80 100

Frequency (MHz)

0

The FLEX 10K architecture supports several configuration schemes. This
section summarizes the device operating modes and available device
configuration schemes.

See Application Note 116 (Configuring APEX 20K, FLEX 10K & FLEX 6000
Devices) for detailed descriptions of device configuration options, device
configuration pins, and for information on configuring FLEX 10K devices,
including sample schematics, timing diagrams, and configuration
parameters.

Operating Modes

The FLEX 10K architecture uses SRAM configuration elements that
require configuration data to be loaded every time the circuit powers up.
The process of physically loading the SRAM data into the device is called
configuration. Before configuration, as VCC rises, the device initiates a
Power-On Reset (POR). This POR event clears the device and prepares it
for configuration. The FLEX 10K POR time does not exceed 50 ps.

During initialization, which occurs immediately after configuration, the
device resets registers, enables I/O pins, and begins to operate as a logic
device. The I/O pins are tri-stated during power-up, and before and
during configuration. Together, the configuration and initialization
processes are called command mode; normal device operation is called user
mode.
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