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Embedded - FPGAs, or Field Programmable Gate Arrays,
are advanced integrated circuits that offer unparalleled
flexibility and performance for digital systems. Unlike
traditional fixed-function logic devices, FPGAs can be
programmed and reprogrammed to execute a wide array
of logical operations, enabling customized functionality
tailored to specific applications. This reprogrammability
allows developers to iterate designs quickly and implement
complex functions without the need for custom hardware.

Applications of Embedded - FPGAs

The versatility of Embedded - FPGAs makes them
indispensable in numerous fields. In telecommunications,
FPGAs are used for high-speed data processing and
network infrastructure. In the automotive industry, they
support advanced driver-assistance systems (ADAS) and
infotainment solutions. Consumer electronics benefit from
FPGAs in devices requiring high performance and
adaptability, such as smart TVs and gaming consoles.
Industrial automation relies on FPGAs for real-time control
and processing in machinery and robotics. Additionally,
FPGAs play a crucial role in aerospace and defense, where
their reliability and ability to handle complex algorithms
are essential.

Common Subcategories of Embedded -
FPGAs

Within the realm of Embedded - FPGAs, several
subcategories address different needs and applications.
General-purpose FPGAs are the most widely used, offering
a balance of performance and flexibility for a broad range
of applications. High-performance FPGAs are designed for
applications requiring exceptional speed and
computational power, such as data centers and high-
frequency trading systems. Low-power FPGAs cater to
battery-operated and portable devices where energy
efficiency is paramount. Lastly, automotive-grade FPGAs
meet the stringent standards of the automotive industry,
ensuring reliability and performance in vehicle systems.

Types of Embedded - FPGAs

Embedded - FPGAs can be classified into several types
based on their architecture and specific capabilities. SRAM-
based FPGAs are prevalent due to their high speed and
ability to support complex designs, making them suitable
for performance-critical applications. Flash-based FPGAs
offer non-volatile storage, retaining their configuration
without power and enabling faster start-up times. Antifuse-
based FPGAs provide a permanent, one-time
programmable solution, ensuring robust security and
reliability for critical systems. Each type of FPGA brings
distinct advantages, making the choice dependent on the
specific needs of the application.
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I/O Structure & Features
Figure 2–28. EP2C5 & EP2C8 I/O Banks Notes (1), (2)

Notes to Figure 2–28:
(1) This is a top view of the silicon die.
(2) This is a graphic representation only. Refer to the pin list and the Quartus II software for exact pin locations.
(3) The LVPECL I/O standard is only supported on clock input pins. This I/O standard is not supported on output 

pins.
(4) The differential SSTL-18 and SSTL-2 I/O standards are only supported on clock input pins and PLL output clock 

pins.
(5) The differential 1.8-V and 1.5-V HSTL I/O standards are only supported on clock input pins and PLL output clock 

pins.

I/O Bank 2

I/O Bank 3

I/O Bank 4

I/O Bank 1

All I/O Banks Support
■  3.3-V LVTTL/LVCMOS 
■  2.5-V LVTTL/LVCMOS
■  1.8-V LVTTL/LVCMOS
■  1.5-V LVCMOS
■  LVDS
■  RSDS
■  mini-LVDS
■  LVPECL (3)
■  SSTL-2 Class I and II
■  SSTL-18 Class I
■  HSTL-18 Class I
■  HSTL-15 Class I
■  Differential SSTL-2 (4)
■  Differential SSTL-18 (4)
■  Differential HSTL-18 (5)
■  Differential HSTL-15 (5)

I/O Bank 3
Also Supports the 
3.3-V PCI & PCI-X
I/O Standards

I/O Bank 1
Also Supports the
3.3-V PCI & PCI-X

I/O Standards

Individual
Power Bus

I/O Bank 2 Also Supports
the SSTL-18 Class II,

HSTL-18 Class II, & HSTL-15
Class II I/O Standards

I/O Bank 4 Also Supports
the SSTL-18 Class II,

HSTL-18 Class II, & HSTL-15
Class II I/O Standards
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Configuration Schemes
SRAM configuration elements allow Cyclone II devices to be 
reconfigured in-circuit by loading new configuration data into the device. 
With real-time reconfiguration, the device is forced into command mode 
with the nCONFIG pin. The configuration process loads different 
configuration data, reinitializes the device, and resumes user-mode 
operation. You can perform in-field upgrades by distributing new 
configuration files within the system or remotely.

A built-in weak pull-up resistor pulls all user I/O pins to VCCIO before 
and during device configuration.

The configuration pins support 1.5-V/1.8-V or 2.5-V/3.3-V I/O 
standards. The voltage level of the configuration output pins is 
determined by the VCCIO of the bank where the pins reside. The bank 
VCCIO selects whether the configuration inputs are 1.5-V, 1.8-V, 2.5-V, or 
3.3-V compatible.

Configuration 
Schemes

You can load the configuration data for a Cyclone II device with one of 
three configuration schemes (see Table 3–4), chosen on the basis of the 
target application. You can use a configuration device, intelligent 
controller, or the JTAG port to configure a Cyclone II device. A low-cost 
configuration device can automatically configure a Cyclone II device at 
system power-up.

Multiple Cyclone II devices can be configured in any of the three 
configuration schemes by connecting the configuration enable (nCE) and 
configuration enable output (nCEO) pins on each device.

f For more information on configuration, see the Configuring Cyclone II 
Devices chapter of the Cyclone II Handbook, Volume 2.

Table 3–4. Data Sources for Configuration

Configuration 
Scheme Data Source

Active serial (AS) Low-cost serial configuration device

Passive serial (PS) Enhanced or EPC2 configuration device, MasterBlaster, ByteBlasterMV, ByteBlaster II or 
USB Blaster download cable, or serial data source

JTAG MasterBlaster, ByteBlasterMV, ByteBlaster II or USB Blaster download cable or a 
microprocessor with a Jam or JBC file
3–6 Altera Corporation
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DC Characteristics and Timing Specifications
Differential I/O Standards

The RSDS and mini-LVDS I/O standards are only supported on output 
pins. The LVDS I/O standard is supported on both receiver input pins 
and transmitter output pins.

1 For more information on how these differential I/O standards 
are implemented, refer to the High-Speed Differential Interfaces in 
Cyclone II Devices chapter of the Cyclone II Device Handbook.

Figure 5–1 shows the receiver input waveforms for all differential I/O 
standards (LVDS, LVPECL, differential 1.5-V HSTL class I and II, 
differential 1.8-V HSTL class I and II, differential SSTL-2 class I and II, and 
differential SSTL-18 class I and II).

1.5-V HSTL class I 8 –8 0.4 VC C I O – 0.4

1.5V HSTL class II 16 –16 0.4 VC C I O – 0.4

Notes to Table 5–7:
(1) The values in this table are based on the conditions listed in Tables 5–2 and 5–6.
(2) This specification is supported across all the programmable drive settings available as shown in the Cyclone II 

Architecture chapter of the Cyclone II Device Handbook.

Table 5–7. DC Characteristics of User I/O Pins Using Single-Ended Standards Notes (1), (2) (Part 2 of 2)

I/O Standard 
Test Conditions Voltage Thresholds

IOL (mA) IOH (mA) Maximum VOL (V) Minimum VOH (V)
Altera Corporation 5–7
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DC Characteristics and Timing Specifications
TPRE 191 — 244 — 244 — ps

— — 217 — 244 — ps

TCLKL 1000 — 1242 — 1242 — ps

— — 1111 — 1242 — ps

TCLKH 1000 — 1242 — 1242 — ps

— — 1111 — 1242 — ps

tLUT 180 438 172 545 172 651 ps

— — 180 — 180 — ps

Notes to Table 5–16:
(1) For the –6 speed grades, the minimum timing is for the commercial temperature grade. The –7 speed grade devices 

offer the automotive temperature grade. The –8 speed grade devices offer the industrial temperature grade.
(2) For each parameter of the –7 speed grade columns, the value in the first row represents the minimum timing 

parameter for automotive devices. The second row represents the minimum timing parameter for commercial 
devices.

(3) For each parameter of the –8 speed grade columns, the value in the first row represents the minimum timing 
parameter for industrial devices. The second row represents the minimum timing parameter for commercial 
devices.

Table 5–17. IOE Internal Timing Microparameters (Part 1 of 2)

Parameter
–6 Speed Grade (1) –7 Speed Grade (2) –8 Speed Grade (3)

Unit
Min Max Min Max Min Max

TSU 76 — 101 — 101 — ps

— — 89 — 101 — ps

TH 88 — 106 — 106 — ps

— — 97 — 106 — ps

TCO 99 155 95 171 95 187 ps

— — 99 — 99 — ps

TPIN2COMBOUT_R 384 762 366 784 366 855 ps

— — 384 — 384 — ps

TPIN2COMBOUT_C 385 760 367 783 367 854 ps

— — 385 — 385 — ps

TCOMBIN2PIN_R 1344 2490 1280 2689 1280 2887 ps

— — 1344 — 1344 — ps

Table 5–16. LE_FF Internal Timing Microparameters (Part 2 of 2)

Parameter
–6 Speed Grade (1) –7 Speed Grade (2) –8 Speed Grade (3)

Unit
Min Max Min Max Min Max
Altera Corporation 5–19
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Timing Specifications
EP2C20/A Clock Timing Parameters

Tables 5–27 and 5–28 show the clock timing parameters for EP2C20/A 
devices.

tP L L C O UT –0.337 –0.357 0.079 0.04 0.075 0.045 ns

Notes to Table 5–25:
(1) These numbers are for commercial devices.
(2) These numbers are for automotive devices.

Table 5–26. EP2C15A Row Pins Global Clock Timing Parameters

Parameter

Fast Corner
–6 Speed 

Grade

–7 Speed 
Grade

(1)

–7 Speed 
Grade

(2)

–8 Speed 
Grade UnitIndustrial/

Automotive Commercial

tC I N 1.542 1.615 2.490 2.651 2.886 2.866 ns

tC O UT 1.544 1.617 2.506 2.664 2.894 2.874 ns

tP L L C I N –0.424 –0.448 –0.057 –0.107 –0.077 –0.107 ns

tP L L C O UT –0.422 –0.446 –0.041 –0.094 –0.069 –0.099 ns

Notes to Table 5–26:
(1) These numbers are for commercial devices.
(2) These numbers are for automotive devices.

Table 5–25. EP2C15A Column Pins Global Clock Timing Parameters

Parameter

Fast Corner
–6 Speed 

Grade

–7 Speed 
Grade

(1)

–7 Speed 
Grade

(2)

–8 Speed 
Grade UnitIndustrial/

Automotive Commercial

Table 5–27. EP2C20/A Column Pins Global Clock Timing Parameters (Part 1 of 2)

Parameter

Fast Corner
–6 Speed 

Grade

–7 Speed 
Grade

(1)

–7 Speed 
Grade

(2)

–8 Speed 
Grade UnitIndustrial/

Automotive Commercial

tC I N 1.621 1.698 2.590 2.766 3.009 2.989 ns

tC O UT 1.635 1.713 2.624 2.798 3.038 3.018 ns

tP L L C I N –0.351 –0.372 0.045 0.008 0.046 0.016 ns
5–26 Altera Corporation
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DC Characteristics and Timing Specifications
LVCMOS 4 mA 250 210 170 250 210 170 250 210 170

8 mA 280 230 190 280 230 190 280 230 190

12 mA 310 260 210 310 260 210 310 260 210

16 mA 320 270 220 — — — — — —

20 mA 350 290 240 — — — — — —

24 mA 370 310 250 — — — — — —

2.5V 4 mA 180 150 120 180 150 120 180 150 120

8 mA 280 230 190 280 230 190 280 230 190

12 mA 440 370 300 — — — — — —

16 mA 450 405 350 — — — — — —

1.8V 2 mA 120 100 80 120 100 80 120 100 80

4 mA 180 150 120 180 150 120 180 150 120

6 mA 220 180 150 220 180 150 220 180 150

8 mA 240 200 160 240 200 160 240 200 160

10 mA 300 250 210 300 250 210 300 250 210

12 mA 350 290 240 350 290 240 350 290 240

1.5V 2 mA 80 60 50 80 60 50 80 60 50

4 mA 130 110 90 130 110 90 130 110 90

6 mA 180 150 120 180 150 120 180 150 120

8 mA 230 190 160 — — — — — —

SSTL_2_CLASS_I 8 mA 400 340 280 400 340 280 400 340 280

12 mA 400 340 280 400 340 280 400 340 280

SSTL_2_CLASS_II 16 mA 350 290 240 350 290 240 350 290 240

20 mA 400 340 280 — — — — — —

24 mA 400 340 280 — — — — — —

SSTL_18_ 
CLASS_I

6 mA 260 220 180 260 220 180 260 220 180

8 mA 260 220 180 260 220 180 260 220 180

10 mA 270 220 180 270 220 180 270 220 180

12 mA 280 230 190 — — — — — —

Table 5–45. Maximum Output Clock Toggle Rate on Cyclone II Devices (Part 2 of 4)

I/O Standard Drive 
Strength

Maximum Output Clock Toggle Rate on Cyclone II Devices (MHz)

Column I/O Pins (1) Row I/O Pins (1) Dedicated Clock 
Outputs

–6 
Speed 
Grade

–7 
Speed 
Grade

–8 
Speed 
Grade

–6 
Speed 
Grade

–7 
Speed 
Grade

–8 
Speed 
Grade

–6 
Speed 
Grade

–7 
Speed 
Grade

–8 
Speed 
Grade
Altera Corporation 5–49
February 2008 Cyclone II Device Handbook, Volume 1



Timing Specifications
tF A L L 80–20% 150 200 250 150 200 250 150 200 250 (11) ps

tL O C K — — — 100 — — 100 — — 100 (12) μs

Notes to Table 5–50:
(1) The maximum data rate that complies with duty cycle distortion of 45–55%.
(2) The maximum data rate when taking duty cycle in absolute ps into consideration that may not comply with 45–55% 

duty cycle distortion. If the downstream receiver can handle duty cycle distortion beyond the 45–55% range, you 
may use the higher data rate values from this column. You can calculate the duty cycle distortion as a percentage 
using the absolute ps value. For example, for a data rate of 640 Mbps (UI = 1562.5 ps) and a tD U T Y of 250 ps, the 
duty cycle distortion is ± tD U T Y/(UI*2) *100% = ± 250 ps/(1562.5 *2) * 100% = ± 8%, which gives you a duty cycle 
distortion of 42–58%.

(3) The TCCS specification applies to the entire bank of LVDS, as long as the SERDES logic is placed within the LAB 
adjacent to the output pins.

(4) For extended temperature devices, the maximum input clock frequency for ×10 through ×2 modes is 137.5 MHz.
(5) For extended temperature devices, the maximum data rate for ×10 through ×2 modes is 275 Mbps.
(6) For extended temperature devices, the maximum input clock frequency for ×10 through ×2 modes is 200 MHz.
(7) For extended temperature devices, the maximum data rate for ×10 through ×2 modes is 400 Mbps.
(8) For extended temperature devices, the maximum input clock frequency for ×1 mode is 340 MHz.
(9) For extended temperature devices, the maximum data rate for ×1 mode is 340 Mbps.
(10) For extended temperature devices, the maximum output jitter (peak to peak) is 600 ps.
(11) For extended temperature devices, the maximum tR I S E  and tFA L L  are 300 ps.
(12) For extended temperature devices, the maximum lock time is 500 us.

Table 5–50. LVDS Transmitter Timing Specification (Part 2 of 2)

Symbol Conditions

–6 Speed Grade –7 Speed Grade –8 Speed Grade

Unit
Min Typ

Max 
(1)

Max 
(2)

Min Typ
Max 
(1)

Max 
(2)

Min Typ
Max 
(1)

Max 
(2)
5–62 Altera Corporation
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PLLs in Cyclone II Devices
Figure 7–6. Phase Relationship between Cyclone II PLL Clocks in No 
Compensation Mode

Notes to Figure 7–6:
(1) Internal clocks fed by the PLL are in phase with each other. 
(2) The external clock outputs can lead or lag the PLL internal clocks.

Source-Synchronous Mode

If data and clock arrive at the same time at the input pins, they are 
guaranteed to keep the same phase relationship at the clock and data 
ports of any IOE input register. Figure 7–7 shows an example waveform 
of the clock and data in this mode. This mode is recommended for 
source-synchronous data transfer. Data and clock signals at the IOE 
experience similar buffer delays as long as the same I/O standard is used.

PLL inclk

PLL clock at the
register clock port (1)

External PLL clock outputs  (2)

Phase Aligned
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PLLs in Cyclone II Devices
In Cyclone II devices, the dedicated clock input pins, PLL counter 
outputs, dual-purpose clock I/O inputs, and internal logic can all feed the 
clock control block for each global clock network. The output from the 
clock control block in turn feeds the corresponding global clock network. 
The clock control blocks are arranged on the device periphery and there 
are a maximum of 16 clock control blocks available per Cyclone II device.

The control block has two functions:

■ Dynamic global clock network clock source selection 
■ Global clock network power-down (dynamic enable and disable)

Figure 7–11 shows the clock control block.

PLL outputs The PLL counter outputs can drive the global 
clock network.

Internal logic The global clock network can also be driven 
through the logic array routing to enable 
internal logic (LEs) to drive a high fan-out, low 
skew signal path.

Table 7–9. Clock Control Block Inputs (Part 2 of 2)

Input Description
Altera Corporation 7–25
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Clock Modes
ROM Mode

Cyclone II memory blocks support ROM mode. A MIF initializes the 
ROM contents of these blocks. The address lines of the ROM are 
registered. The outputs can be registered or unregistered. The ROM read 
operation is identical to the read operation in the single-port RAM 
configuration.

FIFO Buffer Mode

A single clock or dual clock FIFO buffer may be implemented in the 
memory blocks. Dual clock FIFO buffers are useful when transferring 
data from one clock domain to another clock domain. All FIFO memory 
configurations have synchronous inputs. However, the FIFO buffer 
outputs are always combinational (i.e., not registered). Simultaneous read 
and write from an empty FIFO buffer is not supported.

f For more information on FIFO buffers, refer to the Single- & Dual-Clock 
FIFO Megafunctions User Guide.

Clock Modes Depending on which memory mode is selected, the following clock 
modes are available:

■ Independent
■ Input/output
■ Read/write
■ Single-clock

Table 8–7 shows these clock modes supported by all memory blocks 
when configured in each respective memory modes. 

Table 8–7. Cyclone II Memory Clock Modes

Clocking Modes True Dual-Port 
Mode

Simple Dual-Port 
Mode

Single-Port
Mode

Independent v
Input/output v v v
Read/write v
Single clock v v v
8–16 Altera Corporation
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Clock Modes
Figure 8–16. Cyclone II Input/Output Clock Mode in Single-Port Mode Notes (1), (2)

Notes to Figure 8–16:
(1) Violating the setup or hold time on the memory block address registers could corrupt memory contents. This applies 

to both read and write operations.
(2) For more information about the MultiTrack interconnect, refer to Cyclone II Device Family Data Sheet in volume 1 of 

the Cyclone II Device Handbook.

Read/Write Clock Mode

Cyclone II memory blocks can implement read/write clock mode for 
simple dual-port memory. The write clock controls the blocks’ data 
inputs, write address, and write enable signals. The read clock controls 
the data output, read address, and read enable signals. The memory 
blocks support independent clock enables for each clock for the read- and 
write-side registers. This mode does not support asynchronous clear 
signals for the registers. Figure 8–17 shows a memory block in read/write 
clock mode.

6

D
ENA

Q

D

ENA

Q

D

ENA

Q

D
ENA

Q

data[ ]

address[ ]

 Memory Block
256 ´ 16
512 ´ 8

1,024 ´ 4
2,048 ´ 2
4,096 ´ 1

Data In

Address

Write Enable

Data Out

outclocken

inclocken

inclock

outclock

wren

6 LAB Row 
Clocks

To MultiTrack
Interconnect (2)

D
ENA

Qbyteena[ ] Byte Enable

Write
Pulse

Generator

addressstall
Address
Clock Enable
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Cyclone II Memory Blocks
Figure 8–17. Cyclone II Read/Write Clock Mode Notes (1), (2)

 
Notes to Figure 8–17:
(1) Violating the setup or hold time on the memory block address registers could corrupt memory contents. This applies 

to both read and write operations.
(2) For more information about the MultiTract interconnect, refer to Cyclone II Device Family Data Sheet in volume 1 of 

the Cyclone II Device Handbook.
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External Memory Interface Standards
QDRII SRAM devices use the following clock signals:

■ Input clocks K and K#
■ Optional output clocks C and C#
■ Echo clocks CQ and CQn

Clocks C#, K#, and CQn are logical complements of clocks C, K, and CQ, 
respectively. Clocks C, C#, K, and K# are inputs to the QDRII SRAM, and 
clocks CQ and CQn are outputs from the QDRII SRAM. Cyclone II 
devices use single-clock mode for QDRII SRAM interfacing. The K and 
K# clocks are used for both read and write operations, and the C and C# 
clocks are unused.

You can generate C, C#, K, and K# clocks using any of the I/O registers 
via the DDR registers. Due to strict skew requirements between K and K# 
signals, use adjacent pins to generate the clock pair. Surround the pair 
with buffer pins tied to VCC and pins tied to ground for better noise 
immunity from other signals.

In Cyclone II devices, another DQS pin implements the CQn pin in the 
QDRII SRAM memory interface. These pins are denoted by DQS/CQ# in 
the pin table. Connect CQ and CQn pins to the Cyclone II DQS/CQ and 
DQS/CQ# pins of the same DQ groups, respectively. You must configure 
the DQS/CQ and DQS/CQ# as bidirectional pins. However, because CQ 
and CQn pins are output-only pins from the memory device, the 
Cyclone II device’s QDRII SRAM memory interface requires that you 
ground the DQS/CQ and DQS/CQ# output enable. To capture data 
presented by the memory device, connect the shifted CQ signal to register 
CI and input register AI. Connect the shifted CQn to input register BI. 
Figure 9–4 shows the CQ and CQn connections for a QDRII SRAM read.
9–6 Altera Corporation
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Selectable I/O Standards in Cyclone II Devices
Table 10–3 lists the specific Cyclone II devices that support 64-bit and 
32-bit PCI at 33 MHz.

EP2C8 144-pin TQFP

208-pin PQFP v
256-pin FineLine BGA v

EP2C15 256-pin FineLine BGA v
484-pin FineLine BGA v v

EP2C20 240-pin PQFP v
256-pin FineLine BGA v
484-pin FineLine BGA v v

EP2C35 484-pin FineLine BGA v v
672-pin FineLine BGA v v

EP2C50 484-pin FineLine BGA v v
672-pin FineLine BGA v v

EP2C70 672-pin FineLine BGA v v
896-pin FineLine BGA v v

Table 10–3. Cyclone II 33-MHz PCI Support (Part 1 of 2)

Device Package
–6, –7 and –8 Speed Grades

64 Bits 32 Bits

EP2C5 144-pin TQFP — —

208-pin PQFP — v
256-pin FineLine BGA — v

EP2C8 144-pin TQFP — —

208-pin PQFP — v
256-pin FineLine BGA — v

EP2C15 256-pin FineLine BGA — v
484-pin FineLine BGA v v

Table 10–2. Cyclone II 66-MHz PCI Support (Part 2 of 2)

Device Package
–6 and –7 Speed Grades

64 Bits 32 Bits
Altera Corporation 10–5
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Operational Modes
1 When the signa and signb signals are unused, the Quartus® II 
software sets the multiplier to perform unsigned multiplication 
by default.

Output Registers

You can choose to register the embedded multiplier output using the 
output registers in 18- or 36-bit sections depending on the operational 
mode of the multiplier. The following control signals are available to each 
output register within the embedded multiplier:

■ clock
■ clock enable
■ asynchronous clear

All input and output registers within a single embedded multiplier are 
fed by the same clock, clock enable, or asynchronous clear signal.

f See the Cyclone II Architecture chapter in Volume 1 of the Cyclone II 
Device Handbook for more information on the embedded multiplier 
routing and interface. 

Operational 
Modes

The embedded multiplier can be used in one of two operational modes, 
depending on the application needs:

■ One 18-bit multiplier
■ Up to two 9-bit independent multipliers

The Quartus II software includes megafunctions used to control the mode 
of operation of the multipliers. After you have made the appropriate 
parameter settings using the megafunction’s MegaWizard® Plug-In 
Manager, the Quartus II software automatically configures the embedded 
multiplier.

1 The Cyclone II embedded multipliers can also be used to 
implement multiplier adder and multiplier accumulator 
functions where the multiplier portion of the function is 
implemented using embedded multipliers and the adder or 
accumulator function is implemented in logic elements (LEs).

f For more information on megafunction and Quartus II support for 
Cyclone II embedded multipliers, see the “Software Support” section.
12–6 Altera Corporation
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Active Serial Configuration (Serial Configuration Devices)
You should put a buffer before the DATA and DCLK output from the 
master Cyclone II device to avoid signal strength and signal integrity 
issues. The buffer should not significantly change the DATA-to-DCLK 
relationships or delay them with respect to other AS signals (ASDI and 
nCS). Also, the buffer should only drive the slave Cyclone II devices, so 
that the timing between the master Cyclone II device and serial 
configuration device is unaffected.

This configuration method supports both compressed and uncompressed 
SOFs. Therefore, if the configuration bitstream size exceeds the capacity 
of a serial configuration device, you can enable the compression feature 
in the SOF file used or you can select a larger serial configuration device.

Estimating AS Configuration Time

The AS configuration time is the time it takes to transfer data from the 
serial configuration device to the Cyclone II device. The Cyclone II DCLK 
output (generated from an internal oscillator) clocks this serial interface. 
As listed in Table 13–5, if you are using the 40-MHz oscillator, the DCLK 
minimum frequency is 20 MHz (50 ns). Therefore, the maximum 
configuration time estimate for an EP2C5 device (1,223,980 bits of 
uncompressed data) is:

RBF size × (maximum DCLK period / 1 bit per DCLK cycle) = 
estimated maximum configuration time

1,223,980 bits × (50 ns / 1 bit) = 61.2 ms

To estimate the typical configuration time, use the typical DCLK period 
listed in Table 13–5. With a typical DCLK period of 38.46 ns, the typical 
configuration time is 47.1 ms. Enabling compression reduces the amount 
of configuration data that is transmitted to the Cyclone II device, which 
also reduces configuration time. On average, compression reduces 
configuration time by 50%. 
13–18 Altera Corporation
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Configuring Cyclone II Devices
Single Device JTAG Configuration

During JTAG configuration, you can use the USB-Blaster, MasterBlaster, 
ByteBlaster II, or ByteBlasterMV download cable to download data to the 
device. Configuring Cyclone II devices through a cable is similar to 
programming devices in system. Figure 13–22 shows JTAG configuration 
of a single Cyclone II device using a download cable.

Figure 13–22. JTAG Configuration of a Single Device Using a Download Cable

Notes to Figure 13–22:
(1) The pull-up resistor should be connected to the same supply voltage as the USB-Blaster, MasterBlaster (VIO pin), 

ByteBlaster II, or ByteBlasterMV cable.
(2) Connect the nCONFIG and MSEL[1..0] pins to support a non-JTAG configuration scheme. If only JTAG 

configuration is used, connect the nCONFIG pin to VCC, and the MSEL[1..0] pins to ground. In addition, pull DCLK 
and DATA0 to either high or low, whichever is convenient on your board.

(3) Pin 6 of the header is a VIO reference voltage for the MasterBlaster output driver. VIO should match the device’s 
VCCIO. Refer to the MasterBlaster Serial/USB Communications Cable Data Sheet for this value. In the ByteBlasterMV, 
this pin is a no connect. In the USB-Blaster and ByteBlaster II, this pin is connected to nCE when it is used for AS 
programming, otherwise it is a no connect.

(4) nCE must be connected to GND or driven low for successful JTAG configuration.
(5) The nCEO pin can be left unconnected or used as a user I/O pin when it does not feed other device’s nCE pin.

To configure a single device in a JTAG chain, the programming software 
places all other devices in BYPASS mode. In BYPASS mode, Cyclone II 
devices pass programming data from the TDI pin to the TDO pin through 
a single bypass register without being affected internally. This scheme 
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IEEE 1149.1 (JTAG) Boundary-Scan Testing for Cyclone II Devices
Figure 14–7. Selecting the Instruction Mode 

The TDO pin is tri-stated in all states except in the SHIFT_IR and 
SHIFT_DR states. The TDO pin is activated at the first falling edge of TCK 
after entering either of the shift states and is tri-stated at the first falling 
edge of TCK after leaving either of the shift states.

When the SHIFT_IR state is activated, TDO is no longer tri-stated, and the 
initial state of the instruction register is shifted out on the falling edge of 
TCK. TDO continues to shift out the contents of the instruction register as 
long as the SHIFT_IR state is active. The TAP controller remains in the 
SHIFT_IR state as long as TMS remains low. 

During the SHIFT_IR state, an instruction code is entered by shifting 
data on the TDI pin on the rising edge of TCK. The last bit of the 
instruction code must be clocked at the same time that the next state, 
EXIT1_IR, is activated. Set TMS high to activate the EXIT1_IR state. 
Once in the EXIT1_IR state, TDO becomes tri-stated again. TDO is always 
tri-stated except in the SHIFT_IR and SHIFT_DR states. After an 
instruction code is entered correctly, the TAP controller advances to 
serially shift test data in one of seven modes (SAMPLE/PRELOAD, 
EXTEST, BYPASS, IDCODE, USERCODE, CLAMP, or HIGHZ) that are 
described below.

SAMPLE/PRELOAD Instruction Mode 

The SAMPLE/PRELOAD instruction mode allows you to take a snapshot of 
device data without interrupting normal device operation. You can also 
use this instruction to preload the test data into the update registers prior 
to loading the EXTEST instruction. Figure 14–8 shows the capture, shift, 
and update phases of the SAMPLE/PRELOAD mode.
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