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Configuring APEX 20K,
FLEX 10K & FLEX 6000
Devices

Introduction

Application Note 116

APEX™ 20K, FLEX® 10K, and FLEX 6000 devices can be configured using
one of six configuration schemes, which are ideal for a variety of systems.
All configuration schemes use either a microprocessor or configuration
device. See Table 1.

Table 1. Configuration Schemes

Configuration Scheme Device Family Typical Use
Configuration Device |APEX 20K Configuration with the EPC2, EPC1, or EPC1441 configuration
FLEX 10K devices.
FLEX 6000
Passive Serial (PS) APEX 20K Configuration with a serial synchronous microprocessor
FLEX 10K interface and the MasterBlaster™ communications cable,
FLEX 6000 ByteBlasterMV™ parallel port download cable, or BitBlaster™
serial download cable. (1), (2)
Passive Parallel APEX 20K Configuration with a parallel synchronous microprocessor
Synchronous (PPS) FLEX 10K interface.
Passive Parallel APEX 20K Configuration with a parallel asynchronous microprocessor
Asynchronous (PPA) [FLEX 10K interface. In this scheme, the microprocessor treats the target
device as memory.
Passive Serial FLEX 6000 Configuration with a serial asynchronous microprocessor
Asynchronous (PSA) interface.
Joint Test Action APEX 20K Configuration through the IEEE Std. 1149.1 (JTAG) pins. (3)
Group (JTAG) FLEX 10K

Notes:

(1) The MasterBlaster communications cable uses a standard PC serial or universal serial bus (USB) hardware interface
that downloads configuration data to APEX 20K, FLEX 10K, and FLEX 6000 devices. It supports operation with V¢
at5.0V, 3.3V, or25V and is supported by the Quartus™ software and the MAX+PLUS® 11 software versions 9.3
and higher. For more information on the MasterBlaster cable, see the MasterBlaster Serial/USB Communications Cable

Data Sheet.

(2) The ByteBlaster™ download cable is obsolete and is replaced by the ByteBlasterMV parallel port download cable.
(3) Although you cannot configure FLEX 6000 devices through the JTAG pins, you can perform JTAG boundary-scan

testing.
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This application note discusses how to configure one or more APEX 20K
(including APEX 20KE), FLEX 10K (including FLEX 10KE and

FLEX 10KA), and FLEX 6000 devices. This application note should be
used together with the following documents:

APEX 20K Programmable Logic Device Family Data Sheet
FLEX 10K Embedded Programmable Logic Family Data Sheet
FLEX 10KE Embedded Programmable Logic Family Data Sheet
FLEX 6000 Programmable Logic Device Family Data Sheet
Configuration Devices for APEX & FLEX Devices Data Sheet

s If appropriate, illustrations in this application note show devices
with generic “APEX 20K”, “FLEX 10K”, and “FLEX 6000 labels
to indicate they are valid for all APEX 20K, FLEX 10K, and

FLEX 6000 devices.
cOntems This application note provides information on the following topics:
Device Configuration OVEINVIEW ..........ccccviiiiiiiiiiiiieieiesese e 2
Configuration SCREMIES ......c.coviiviieieie e 6
ConfigUration DEVICE .....c.voiiiiieiieeie e 6
PS Configuration with a Download Cable............ccccoovvieiiieniiiee, 16
PS Configuration with @ MiCrOProCeSSOr .......ccvvvvrierieiiieiisesese s 23
PPS Configuration (APEX 20K & FLEX 10K Devices Only)................ 28
PSA Configuration (FLEX 6000 Devices ONnly).......ccccocvvvvviiiviiniininannnn. 32
PPA Configuration (APEX 20K & FLEX 10K Devices Only)............... 38
JTAG Programming & Configuration
(APEX 20K & FLEX 10K DeVvices ONly).....cccccvreeviceneineiceeraenes 45
JTAG Programming & Configuration of Multiple Devices
(APEX 20K & FLEX 10K DeVvices ONlY).......ccccceviriciniineiinininenn, 48
Jam Programming & Test Language.........cccovvvvrerieieieieiese s 50
Combining Different Configuration SChemes ..........ccccocvvieveiviincincnenn, 51
DEVICE OPLIONS ...viviieeciiciieiee ettt te e re e raenaas 55
Device Configuration PiNS..........cccoiiiiiiiiecirce e 58
Device Configuration FIleS ..o 64
Device CoNFIQUIALION ......ccoiiiiiiiieieie e 67
Configuration Relability ......cccccooviiiiiiiii 68
BOArd LaYOUL TIPS ..iiiiiiiiieiiieiesie ettt sttt ens 69
Device During device operation, APEX 20K, FLEX 10K, and FLEX 6000 devices
. . store configuration data in SRAM cells. Because SRAM memory is
Cﬂnflguratlﬁn volatile, the SRAM cells must be loaded with configuration data each time
Overview the device powers up. After the APEX 20K, FLEX 10K, or FLEX 6000

device is configured, its registers and 1/0 pins must be initialized. After
initialization, the device enters user mode for in-system operation.
Figure 1 shows the state of the device during the configuration,
initialization, and user modes.

2 Altera Corporation
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Figure 1. APEX 20K, FLEX 10K & FLEX 6000 Configuration Cycle
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(1) During initial power-up and configuration, CONF_DONIS low. After configuration, CONF_DONBoes high. If the
device is reconfigured, CONF_DONBoes low after nCONFIGis driven low.

(2) User 1/0 pins are tri-stated during configuration. APEX 20K and FLEX 10KE devices also have a weak pull-up
resistor on 1/0 pins during configuration. After initialization, the user 170 pins perform the function assigned in
the user’s design.

(3) When used, the optional INIT_DONE signal is high when nCONFIGis low before configuration and during
approximately the first 40 clock cycles of configuration.

Altera Corporation

The configuration data for APEX 20K, FLEX 10K, and FLEX 6000 devices
can be loaded using an active or passive configuration scheme. When
using an active configuration scheme with a configuration device, both
the target device and configuration device generate the control and
synchronization signals. When both devices are ready to begin
configuration, the configuration device sends data to the APEX 20K,
FLEX 10K, or FLEX 6000 device.

When using any passive configuration scheme, the APEX 20K, FLEX 10K,
or FLEX 6000 device is incorporated into a system with an intelligent host,
such as a microprocessor, that controls the configuration process. The host
supplies configuration data from a storage device (e.g., a hard disk, RAM,
or other system memory). When using passive configuration, you can
change the target device’s functionality while the system is in operation
by reconfiguring it. You can also perform in-field upgrades by
distributing a new programming file to system users.

You select an APEX 20K or FLEX 10K device’s configuration scheme by
driving its MSELOand MSEL1pins either high or low as shown in Table 2.
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Table 2. APEX 20K & FLEX 10K Configuration Schemes  Note (1)
MSEL1 MSELD Configuration Scheme
0 0 Configuration device or passive serial.
1 0 Passive parallel synchronous.
1 1 Passive parallel asynchronous.
Note:

(1) The MSELland MSELOpins can be used to change configuration modes between
configurations. However, they are generally connected to V¢ or ground.

For FLEX 6000 devices, the MSELpin controls configuration, as shown in
Table 3.

Table 3. FLEX 6000 Configuration Schemes  Note (1)

MSEL Configuration Scheme

0 Configuration device or passive serial scheme, using the
MasterBlaster, ByteBlasterMV, or BitBlaster cables.

1 Passive serial asynchronous.

Note:

(1) The MSELpin can be used to change configuration modes between configurations.
However, it is generally connected to V¢ or ground.

s Device option bits and device configuration pins are discussed
further in “Device Options” on page 55 and “Device
Configuration Pins” on page 58, respectively.

Table 4 summarizes the approximate configuration file size required for
each APEX 20K, FLEX 10K, and FLEX 6000 device. To calculate the
amount of storage space required for multi-device configurations, simply
add each device’s file size together.

4 Altera Corporation



AN 116: Configuring APEX 20K, FLEX 10K & FLEX 6000 De vices

Altera Corporation

Table 4. APEX 20K, FLEX 10K & FLEX 6000 Configuration File Sizes Note (1)
Device Data Size (Bits) Data Size (Kbytes)

EP20K400 3,878,000 474
EP20K200 1,950,000 238
EP20K100 985,000 121
EPF10K250A 3,300,000 403
EPF10K200E 2,757,000 337
EPF10K130E 1,840,000 225
EPF10K130V 1,600,000 194
EPF10K100E 1,336,000 164
EPF10K100, EPF10K100A, 1,200,000 146
EPF10K100B

EPF10K70 892,000 109
EPF10K50E 785,000 96
EPF10K50, EPF10K50V 621,000 76
EPF10K40 498,000 61
EPF10K30E 470,000 58
EPF10K30A 406,000 50
EPF10K30 376,000 46
EPF10K20 231,000 29
EPF10K10A 120,000 15
EPF10K10 118,000 15
EPF6024A 398,000 49
EPF6016, EPF6016A 260,000 32
EPF6010A 260,000 32

Note:
(1) Raw Binary Files (.rbf) were used to determine these file sizes.

The numbersin Table 4 should only be used to estimate the file size before
design compilation. The exact file size may vary because different
MAX+PLUS Il or Quartus software versions may add a slightly different
number of padding bits during programming. However, for any specific
version of the MAX+PLUS Il or Quartus software, any design targeted for
the same device has the same configuration file size.
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Configuration
Schemes

Table 5 lists Altera configuration devices that can be used to configure
APEX 20K, FLEX 10K, and FLEX 6000 devices.

Table 5. Configuration Devices

Device Description
EPC2 1,695,680 x 1-bit device with 5.0-V or 3.3-V operation
EPC1 1,046,496 x 1-bit device with 5.0-V or 3.3-V operation
EPC1441 440,800 x 1-bit device with 5.0-V or 3.3-V operation

You can use the data from Tables 4 and 5 to determine the number of
configuration devices required to configure your device. For example, to
configure one EPF10K100 device, you need two EPC1 devices but only
one EPC2 device. Similarly, one EP20K400 device requires three EPC2

devices.

This section describes how to configure APEX 20K, FLEX 10K, and
FLEX 6000 devices with the following configuration schemes:

Configuration Device

PS Configuration with a Download Cable

PS Configuration with a Microprocessor

PPS Configuration (APEX 20K and FLEX 10K Devices Only)
PSA Configuration (FLEX 6000 Devices Only)

PPA Configuration (APEX 20K and FLEX 10K Devices Only)
JTAG Programming and Configuration

(APEX 20K and FLEX 10K Devices Only)
m  JTAG Programming and Configuration of Multiple Devices
(APEX 20K and FLEX 10K Devices Only)

Configuration Device

The configuration device scheme uses an Altera-supplied serial
configuration device to supply data to the APEX 20K, FLEX 10K, or
FLEX 6000 device in a serial bitstream. See Figure 2.

Altera Corporation
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Figure 2. Configuration Device Scheme Circuit
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The pull-up resistor should be connected to the same supply voltage as the
configuration device.

All pull-up resistors are 1 kQ. The EPC2 device’s OE nCS, and nINIT_CONF pins
have internal, user-configurable 1-kQ pull-up resistors. If internal pull-up resistors
are used, external pull-up resistors should not be used on these pins.

The nINIT_CONF pin is available on EPC2 devices only. If nINIT_CONF is not
available (i.e., on EPC1 devices) or not used, NCONFIGmust be pulled to V¢ either
directly or through a 1-kQ resistor.

The nCEOpin is left unconnected.

In the configuration device scheme, NCONFIGis usually tied to V¢ (in
EPC2 devices, N"CONFIGis connected to nINIT_CONF). Upon device
power-up, the target APEX 20K, FLEX 10K, or FLEX 6000 device senses
the low-to-high transition on nCONFIGand initiates configuration. The
target device then drives the open-drain CONF_DONRin low, which

in-

turn drives the configuration device’s nCSpin low. When exiting

power-on reset (POR), both the target and configuration device release the
open-drain nSTATUSpin.
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Before configuration begins, the configuration device issues a POR delay
of 200 ms (maximum) to allow the power supply to stabilize; during this
time, the configuration device drives its OEpin low. This low signal delays
configuration because the OEpin is connected to the target device’s
NSTATUSpin. When both devices complete POR, they release nSTATUS
which is then pulled high by a pull-up resistor. When configuring
multiple devices, configuration does not begin until all devices release
their OEor nSTATUSpins. When all devices are ready, the configuration
device clocks data out serially to the target devices using an internal
oscillator.

After successful configuration, the configuration device starts clocking
the target device for initialization. The CONF_DONRin is released by the
target device and then pulled high by a pull-up resistor. When
initialization is complete, the configuration device enters user mode.

If an error occurs during configuration, the target device drives its
nSTATUSpin low, resetting itself internally and resetting the configuration
device. If the Auto-Restart Configuration on Frame Error option—available
in the MAX+PLUS Il Global Project Device Options dialog box (Assign
menu)—is turned on, the device reconfigures automatically if an error
occurs. The Quartus software provides a similar option for APEX 20K
devices.

If this option is turned off, the external system must monitor nSTATUSfor
errors and then pulse NnCONFIGlow to restart configuration. The external
system can pulse NCONFIGif nCONFIGis under system control rather than
tied to Vcc. When configuration is complete, the target device releases

CONF_DONRvhich disables the configuration device by driving nCShigh.
The configuration device drives DCLKlow before and after configuration.

In addition, if the configuration device sends all of its data and then
detects that CONF_DONERas not gone high, it recognizes that the target
device has not configured successfully. In this case, the configuration
device pulses its OEpin low for a few microseconds, driving the target
device’s nSTATUSpin low. If the Auto-Restart Configuration on Frame Error
option is set in the software, the target device resets and then pulses its
NSTATUSpin low. When nSTATUSreturns high, the configuration device
reconfigures the target device. When configuration is complete, the
configuration device drives DCLKlow.

8 Altera Corporation
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When CONF_DONIE driven low after device configuration, the
configuration device recognizes that the target device has not configured
successfully; therefore, you should not use this scheme to delay
initialization. Instead, you should use the MAX+PLUS Il or Quartus
software’s User-Supplied Start-Up Clock option to synchronize the
initialization of multiple devices that are not in the same configuration
chain. Devices in the same configuration chain will initialize together. For
more information on this option, see “Device Options” on page 55.

Figure 3 shows how to configure multiple devices with a configuration
device. This circuit is similar to the configuration device circuit for asingle
device, except the APEX 20K, FLEX 10K, or FLEX 6000 devices are
cascaded for multi-device configuration.
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Figure 3. Multi-Device Configuration Circuit
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(1) When performing multi-device active serial configuration, you must generate the EPC1 or EPC2 device’s

@
®
4
®)
10

Programmer Object File (.pof) from each project’s SRAM Object File (.sof). You can combine multiple SOFs using
the MAX+PLUS Il software’s Combine Programming Files dialog box (File menu). For APEX 20K devices, the
Quartus software provides a similar option. For more information on how to create configuration and
programming files, see “Device Configuration Files” on page 64.

The pull-up resistor should be connected to the same supply voltage as the configuration device.

All pull-up resistors are 1 kQ. The EPC2 device’s OE nCS and nINIT_CONF pins have internal, user-configurable
1-kQ pull-up resistors. If internal pull-up resistors are used, external pull-up resistors should not be used on these
pins.

The nINIT_CONF pin is available on EPC2 devices only. If nINIT_CONF is not available (i.e., on EPC1 devices) or
not used, NCONFIGmust be pulled to V¢ either directly or through a 1-kQ resistor.

The nCEOpin is left unconnected for the last device in the chain.

Altera Corporation
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After the first device completes configuration during multi-device
configuration, its NCEOpin activates the second device’s nCEpin,
prompting the second device to begin configuration. Because all device
CONF_DONRins are tied together, all devices initialize and enter user
mode at the same time.

In addition, all NSTATUSpins are tied together; thus, if any device
(including the configuration devices) detects an error, configuration stops
for the entire chain. Also, if the first configuration device does not detect
CONF_DONBgoing high at the end of configuration, it resets the chain by
pulsing its OEpin low for a few microseconds. This low pulse drives the
OEpin low on the second configuration device and drives nSTATUS ow on
all APEX 20K, FLEX 10K, or FLEX 6000 devices, causing them to enter an
error state; this state is similar to an APEX 20K, FLEX 10K, or FLEX 6000
device detecting an error.

If the Auto-Restart Configuration on Frame Error option is set in the
software, the APEX 20K, FLEX 10K, or FLEX 6000 devices release their
NSTATUSpins after a reset time-out period. When the nSTATUSpins are
released and pulled high, the configuration devices reconfigure the chain.
If the Auto-Restart Configuration on Frame Error option is not set, the
APEX 20K, FLEX 10K, or FLEX 6000 devices drive nSTATUS ow until they
are reset with a low pulse on nCONFIG

You can also cascade several configuration devices to configure multiple
APEX 20K, FLEX 10K, or FLEX 6000 devices. When all data from the first
configuration device is sent, it drives NCASOow, which in turn drives nCS
on the subsequent configuration device. Because a configuration device
requires less than one clock cycle to activate a subsequent configuration
device, the data stream is uninterrupted. Figure 4 shows the timing
waveform for the configuration device scheme.

11
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Figure 4. Configuration Device Scheme Timing Waveform
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(1) For APEX 20K devices, the device enters user mode 40 clock cycles after CONF_DONBoes high. For FLEX 10K and
FLEX 6000 devices, the device enters user mode 10 clock cycles after CONF_DONBoes high.

12

You can use a single configuration chain to configure multiple APEX 20K,
FLEX 10K, and FLEX 6000 devices. In this scheme, the nCEOpin of the first
device is connected to the nCEpin of the second device in the chain. To

configure properly, all of the device CONF_DON&nd nSTATUSpins must

be tied together.

Figure 5 shows examples of configuring multiple APEX 20K, FLEX 10K,
and FLEX 6000 devices using a configuration device.

Altera Corporation
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Figure 5. Multi-Device Configuration with APEX 20K, FLEX 10K & FLEX 6000 Devices
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(1) The pull-up resistor should be connected to the same supply voltage as the configuration device.

@

All pull-up resistors are 1 kQ. The EPC2 device’s OE nCS, and nINIT_CONF pins have internal, user-configurable

1-kQ pull-up resistors. If internal pull-up resistors are used, external pull-up resistors should not be used on these
pins.

®
O

The nCEOpin is left unconnected for the last device in the chain.
The nINIT_CONF pin is available on EPC2 devices only. If nINIT_CONF is not available (i.e., on EPC1 devices) or

not used, NCONFIGmust be pulled to V¢ either directly or through a 1-kQ resistor.

Altera Corporation
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Table 6 defines the APEX 20K, FLEX 10K, and FLEX 6000 timing

parameters when using EPC2 devices at 3.3 V.

Table 6. APEX 20K, FLEX 10K & FLEX 6000 Timing Parameters using EPC2
Devices at 3.3V  Note (1)

Symbol Parameter Min Max | Units
tpor POR delay (2) 200 ms
toezx OEhigh to DATAoutput enabled 80 ns
tcH DCLKhigh time 40 100 ns
toL DCLKIlow time 40 100 ns
tpsu Data setup time before rising edge on 30 ns

DCLK
tbH Data hold time after rising edge on DCLK| 0 ns
tco DCLKto DATAout 30 ns
toew OElow pulse width to guarantee counter | 100 ns
reset
foLk DCLKfrequency 5 12.5 MHz
Notes:

(1) For more information regarding configuration device timing parameters, see the
Configuration Devices for APEX & FLEX Devices Data Sheet.

(2) The configuration device imposes a POR delay upon initial power-up to allow the
voltage supply to stabilize. Subsequent reconfigurations do not incur this delay.

Table 7 defines the APEX 20K, FLEX 10K, and FLEX 6000 timing

parameters when using EPC1 and EPC1441 devices at 3.3 V.

Altera Corporation
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Table 7. APEX 20K, FLEX 10K & FLEX 6000 Timing Parameters using EPC1 &
EPC1441 Devices at 3.3V  Note (1)

Symbol Parameter Min Max | Units
tpor POR delay (2) 200 ms
toezx OEhigh to DATAoutput enabled 80 ns
tcH DCLKhigh time 50 250 ns
toL DCLKIlow time 50 250 ns
tbsu Data setup time before rising edge on 30 ns

DCLK
toH Data hold time after rising edge on DCLK| 0 ns
tco DCLKto DATAout 30 ns
toew OElow pulse width to guarantee counter | 100 ns
reset
foLk DCLKfrequency 2 10 MHz
Notes:

(1) For more information regarding configuration device timing parameters, see the
Configuration Devices for APEX & FLEX Devices Data Sheet.

(2) The configuration device imposes a POR delay upon initial power-up to allow the
voltage supply to stabilize. Subsequent reconfigurations do not incur this delay.

Table 8 defines the APEX 20K, FLEX 10K, and FLEX 6000 timing
parameters when using EPC2, EPC1, and EPC1441 devices at 5.0 V.

Table 8. APEX 20K, FLEX 10K & FLEX 6000 Timing Parameters using EPC2,
EPC1 & EPC1441 Devices at 5.0V Note (1)

Symbol Parameter Min Max | Units
tpor POR delay (2) 200 ms
toezx OEhigh to DATAoutput enabled 50 ns
tcH DCLKhigh time 30 75 ns
teL DCLKIow time 30 75 ns
tbsu Data setup time before rising edge on 30 ns

DCLK
toH Data hold time after rising edge on DCLK] 0 ns
tco DCLKto DATAout 30 ns
toew OElow pulse width to guarantee counter | 100 ns
reset
folk DCLKfrequency 6.7 16.7 MHz
Notes:

(1) For more information regarding configuration device timing parameters, see the
Configuration Devices for APEX & FLEX Devices Data Sheet.

(2) The configuration device imposes a POR delay upon initial power-up to allow the
voltage supply to stabilize. Subsequent reconfigurations do not incur this delay.

Altera Corporation 15
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1 The 1/0 pins are tri-stated after power up and during
configuration. In user mode, these pins perform their
programmed function.

Table 9 shows the status of the device DATApins before and after
configuration. (APEX 20K and FLEX 10K devices have a DATA[7..0] bus,
while FLEX 6000 devices have a DATApin only.)

Table 9. DATA Status Before & After Configuration

Pins APEX 20K or FLEX 10K Device FLEX 6000 Device
Before After Before After
DATA(1) - - Tri-state Tri-state
DATAO(1) Tri-state Tri-state - -
DATA[7..1] (2)| User defined | User defined - -

Notes:

(1) The status shown is for configuration with a configuration device.

(2) Thefunction of these pins depends upon the settings specified in the MAX+PLUS 11
software’s Global Project Device Options dialog box. For APEX 20K devices, the
Quiartus software provides a similar option. For more information, refer to
MAX+PLUS Il or Quartus Help.

s For information on how to create configuration and
programming files for this configuration scheme, see “Device
Configuration Files” on page 64.

PS Configuration with a Download Cable

In PS configuration with a download cable, an intelligent host transfers
data from a storage device to the APEX 20K, FLEX 10K, or FLEX 6000
device via the MasterBlaster, ByteBlasterMV, or BitBlaster cable. To
initiate configuration in this scheme, the download cable generates a low-
to-high transition on the nCONFIGpin. The programming hardware then
places the configuration data one bit at a time on the device’s DATApin
(the DATAOpin in APEX 20K and FLEX 10K devices, and the DATApin in
FLEX 6000 devices). The data is clocked into the target device until
CONF_DONgoes high.

When using programming hardware for APEX 20K, FLEX 10K, or

FLEX 6000 devices, setting the Auto-Restart Configuration on Frame Error
option does not affect the configuration cycle because the MAX+PLUS Il
or Quartus software must restart configuration when an error occurs.
Figure 6 shows PS configuration for APEX 20K, FLEX 10K, and

FLEX 6000 devices using a MasterBlaster, ByteBlasterMV, or BitBlaster
cable.
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Figure 6. PS Configuration Circuit with MasterBlaster, BytcgsterMV, or BitBlaster Cable

VCC (1) VCC (1) CC (1) VCC (1)

APEX 20K Device

MSELo CONF_DONE )
VCC (1)
°
MasterBlaster, ByteBlasterMV,
. . or BitBlaster 10-Pin Male Header
—> VCC (3)
e——P» nNCONFIG

VCC (1) VCC (1) cC (1) VvcC (1)

1ka 1ka FLEX 10K Device 1ka 1kQ
MSELO CONF_DONE —7>0
VCC (1) nSTATUS ®
MSEL1
1kQ

nCE
MasterBlaster, ByteBlasterMV,
or BitBlaster 10-Pin Male Header

Pin 1 /
j@ 3

P DCLK
P| DATAO
——P| nCONFIG

r

DOoOooO
<{HEEE0E

CC (1) VCC (1) VCC (1) VCC (1) Shield

1kQ FLEX 6000 Device 1kQ 1k

MSEL CONF_DONE R — ]
NSTATUS |<¢—Pp>@

GND
W nCE
MasterBlaster, ByteBlasterMV,
GND
>
| -
Ll
————P

VCC (1)

1k0§

or BitBlaster 10-Pin Male Header

DCLK )
DATA Pin 1 / VCC (3)
[ nCONFIG .
O O
o o o
/ O G| vio®
g @
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Shield
GND
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Notes to figure:

(€]
o]
©)]

O
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The pull-up resistor should be connected to the same supply voltage as the MasterBlaster, ByteBlasterMV, or
BitBlaster cable.
The nCEOpin is left unconnected for the last device in the chain.
Power supply voltage: Vcc =25V, 3.3V, or5.0V for the MasterBlaster cable.

Vce =3.3Vor5.0V for the ByteBlasterMV cable.

Ve = 5.0 V for the BitBlaster cable.
Pin 6 of the header is a VIO reference voltage for the MasterBlaster output driver. VIO should match the device’s
Vccio- This pin is a no connect pin for the ByteBlasterMV and BitBlaster header.

You can use programming hardware to configure multiple APEX 20K,
FLEX 10K, or FLEX 6000 devices by connecting each device’s nCEOpin to
the subsequent device’s nCEpin. All other configuration pins are
connected to each device in the chain. Because all CONF_DONRgins are tied
together, all devices in the chain initialize and enter user mode at the same
time.

In addition, because the nSTATUSpins are tied together, the entire chain
halts configuration if any device detects an error. In this situation, the
MAX+PLUS Il or Quartus software must restart configuration; the Auto-
Restart Configuration on Frame Error option does not affect the
configuration cycle.

Figure 7 shows the schematic for configuring multiple FLEX 10K and

FLEX 6000 devices with the MasterBlaster, ByteBlasterMV, or BitBlaster
download cable.
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Figure 7. PS Multi-Device Configuration for FLEX 10K & FLEX 6000 Devices with a Cable

VCC (1)

1kQ

Notes:

FLEX 10K Device

VCC (1)

Lo £

GND

GND

CONF_DONE
MSELO nSTATUS
MSEL1 DCLK
nCE nCEO
DATAO
nCONFIG

MasterBlaster, ByteBlasterMV,

FLEX 6000 Device

CONF_DONE
MSEL nSTATUS
DCLK
nCE nCEO
DATA
nCONFIG

VCC (1) or BitBlaster
10-Pin Male Header
1kQ vee (1) (Passive Serial Mode)
1kQ VCC (1)
<> i M vee (2)
. |
< O O
O EH GND
O §H-vio o)
O O
o0
>
B B
¢
—N.C.(4)

(1) The pull-up resistor should be connected to the same supply voltage as the MasterBlaster, ByteBlasterMV, or

BitBlaster cable.
(2) Power supply voltage: Vcc=2.5V,3.3V,or5.0V for the MasterBlaster cable.

MasterBlaster Serial/USB Communications Cable Data Sheet for this value.

Vce =3.3Vor5.0V for the ByteBlasterMV cable.
Ve =5.0 V for the BitBlaster cable.
(3) VIO isareference voltage for the MasterBlaster output driver. VIO should match the device’s Vc¢o. Refer to the

(4) The nCEOpin is left unconnected for the last device in the chain.

Altera Corporation

Figure 8 shows the schematic for configuring multiple FLEX 10K devices
with the MasterBlaster, ByteBlasterMV, or BitBlaster download cable.
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Figure 8. PS Multi-Device Configuration for Multiple FLEX 10K Devices with a Cable

MasterBlaster, ByteBlasterMV,
VCC (1) or BitBlaster
10-Pin Male Header

1kQ vee () (Passive Serial Mode)
FLEX 10K Device ko Teo
VCC (1) CONF_DONE |[<¢—p>¢ 1k VCC (2)
MSELO nSTATUS |« >
1Ko MSEL1 DCLK |« ﬁ‘ @'%
O B+ o
VCC (1) GND O EH-vio)
. % ? nCE g O
GND B @ @
¢——— P|DATAO nCEO 47
P| N\CONFIG _| GND
FLEX 10K Device
CONF_DONE |<¢—p>

MSELO nSTATUS ([@——p>
g: MSEL1 DCLK [«

L p|ncE nCEO [— N.C. (4)

———— P DATAO
| NCONFIG

Notes:
(1) The pull-up resistor should be connected to the same supply voltage as the MasterBlaster, ByteBlasterMV, or
BitBlaster cable.
(2) Power supply voltage: Vcc=2.5V,3.3V,or5.0V for the MasterBlaster cable.
Vce =3.3Vor5.0V for the ByteBlasterMV cable.
Vcc = 5.0 V for the BitBlaster cable.
(3) VIO isareference voltage for the MasterBlaster output driver. VIO should match the device’s Vcco. Refer to the
MasterBlaster Serial/USB Communications Cable Data Sheet for this value.
(4) The nCEOpin is left unconnected for the last device in the chain.

Figure 9 shows the schematic for configuring multiple APEX 20K and
FLEX 10K devices with the MasterBlaster, ByteBlasterMV, or BitBlaster
cable.
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Figure 9. PS Multi-Device Configuration for APEX 20K & FLEX 10K Devices with a Cable

MasterBlaster, ByteBlasterMV,

vee (1) or BitBlaster
10-Pin Male Header
1kQ vee @ (Passive Serial Mode)
. VCC (1
APEX 20K Device 1ko @ .
VeC (1) CONF_DONE |[<¢—p>¢ 1kQ vee (2)
MSELO nSTATUS |« >
1KO MSELL DCLK |<g o o
: | RN
ND VIO (3)
Vee @ ? nCE nCEO @ @
1kQ |
GND @ IE‘
e P|DATAD 47
»-| NCONFIG oND
FLEX 10K Device
CONF_DONE |<¢—p>
MSELO nSTATUS [@————P>
g: MSEL1 DCLK [«
GND
L pInCE NnCEO |— N.C. (4)
——P DATAD
»-| NCONFIG

Notes:

(1) The pull-up resistor should be connected to the same supply voltage as the MasterBlaster, ByteBlasterMV, or

BitBlaster cable.

(2) Power supply voltage: Vcc =25V, 3.3V, or 5.0V for the MasterBlaster cable.

Vce =3.3Vor5.0V for the ByteBlasterMV cable.

Ve = 5.0 V for the BitBlaster cable.

(3) VIO isareference voltage for the MasterBlaster output driver. VIO should match the device’s Vcco. Refer to the
MasterBlaster Serial/USB Communications Cable Data Sheet for this value.

(4) The nCEOpin is left unconnected for the last device in the chain.
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If you are using a MasterBlaster, ByteBlasterMV, or BitBlaster cable to
configure device(s) on a board that also has configuration devices, you
should electrically isolate the configuration device from the target
device(s) and cable. One way to isolate the configuration device is to add
logic, such as a multiplexer, that can select between the configuration
device and the cable. Another option is to add switches to the five
common signals (i.e., CONF_DONBSTATUS DCLK nCONFIG and DATAQ
between the cable and the configuration device. The last option is to
remove the configuration device from the board when configuring with
the cable. Figure 10 shows a combination of a configuration device and a
MasterBlaster, ByteBlasterMV, or BitBlaster cable to configure aFLEX 10K
device.
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Figure 10. Configuring with a Combined PS & Configuration Device Scheme

MasterBlaster (2), ByteBlasterMV,

vCcC VCC (1) or BitBlaster
10-Pin Male Header
Lo 1kQ vee @) (Passive Serial Mode)
. VCC (1
vCC FLEX 10K Device 1ka @ Pin 1
1Ko CONF_DONE |<¢—p>9¢ 1kQ VCC (3)
MSELO nSTATUS |« > T
MSEL1 DCLK |« o O 5 =
O OH GND
GND O BH-vio®
nCE nCEO |N.C. (5) o o
]
(o) GND (o] (o) (0] J>_ @
\,©) e——p{DATAO 0 \,© O @ 47
P NCONFIG GND
Configuration
Device
DCLK
DATA
OE
nCS
nINIT_CONF (7)

Notes:

)
@

®

4

®)
(6)

Q]

The pull-up resistor should be connected to the same supply voltage as the configuration device.
Refer to the MasterBlaster Serial/USB Communications Cable Data Sheet for more information on the MasterBlaster
cable.
Power supply voltage: Vcc =25V, 3.3V, or 5.0V for the MasterBlaster cable.

Vce =3.3Vor5.0V for the ByteBlasterMV cable.

Ve = 5.0 V for the BitBlaster cable.
Pin 6 of the header is a VIO reference voltage for the MasterBlaster output driver. VIO should match the target
device’s Vcjo. This pin is a no connect pin for the ByteBlasterMV and BitBlaster header.
The nCEOpin is left unconnected.
You should not attempt configuration with a MasterBlaster, ByteBlasterMV, or BitBlaster cable while a
configuration device is connected to an APEX 20K, FLEX 10K, or FLEX 6000 device. Instead, you should either
remove the configuration device from its socket when using the download cable or place a switch on the five
common signals between the download cable and the configuration device.
The nINIT_CONF pin is available on EPC2 devices only. If nINIT_CONF is not available (i.e., on EPC1 devices) or
not used, NCONFIGmust be pulled to V¢ either directly or through a 1-kQ resistor.

22

- For more information on how to use the MasterBlaster, ByteBlasterMV, or

BitBlaster cables, see the following documents:

m  MasterBlaster Serial/USB Communications Cable Data Sheet
m  ByteBlasterMV Parallel Port Download Cable Data Sheet
m  BitBlaster Serial Download Cable Data Sheet

s For information on how to create configuration and

programming files for this configuration scheme, see “Device
Configuration Files” on page 64.
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PS Configuration with a Microprocessor

In PS configuration with a microprocessor, a microprocessor transfers
data from a storage device to the target APEX 20K, FLEX 10K, or

FLEX 6000 device via programming hardware. To initiate configuration
in this scheme, the microprocessor must generate a low-to-high transition
on the nCONFIGpin and the target device must release nSTATUS The
microprocessor or programming hardware then places the configuration
data one bit at a time on the DATApin of the target device (the DATAOpin
for APEX 20K and FLEX 10K devices, and the DATApin for FLEX 6000
devices). The least significant bit (LSB) of each data byte must be
presented first. Data is clocked continuously into the target device until
CONF_DONgoes high.

After all data is transferred, DCLKmust be clocked an additional 10 times
for FLEX 10K and FLEX 6000 devices or an additional 40 times for
APEX 20K devices to initialize the device. The device’s CONF_DONRin
goes high to show successful configuration and to start initialization. The
configuration files created by the MAX+PLUS Il or Quartus software
incorporate extra bits for initialization. Driving DCLKto the device after
configuration does not affect device operation. Therefore, sending the
entire configuration file to the device is sufficient to configure and
initialize it.

Handshaking signals are not used in PS configuration modes. Therefore,
the configuration clock speed must be below the specified frequency to
ensure correct configuration. No maximum DCLKperiod exists. You can
pause configuration by halting DCLK

If the target device detects an error during configuration, it drives its
nSTATUSpin low to alert the microprocessor. The microprocessor can then
pulse NCONFIGIow to restart the configuration process. Alternatively, if
the Auto-Restart Configuration on Frame Error option is set in the
MAX+PLUS Il or Quartus software, the target device releases nSTATUS
after a reset time-out period. After nSTATUSIs released, the
microprocessor can reconfigure the target device without needing to
pulse nNCONFIGlow.

The microprocessor can also monitor the CONF_DON&nd INIT_DONE pins
to ensure successful configuration. If the microprocessor sends all data
and the initialization clock starts but CONF_DONRas not gone high, it
must reconfigure the target device.

Figure 11 shows the circuit for PS configuration with a microprocessor.

23



AN 116: Confi guring APEX 20K, FLEX 10K & FLEX 6000 De vices

24

Figure 11. PS Configuration Circuit with Microprocessor

APEX 20K or FLEX 10K Devices

Memory

ADDR DATAOQ

VCC (1) VCC (1)

APEX 20K or
1kQ 1kQ FLEX 10K Device
MSEL1
MSELO
¢ *® P> CONF_DONE
¢ P nSTATUS GND
F» nCE nCEO [— N.C. (2)
Microprocessor GND
»| DATAO
P nCONFIG
P DCLK
FLEX 6000 Devices
Memory
VCC (1) VCC (1
ADDR DATA @ @
1kQ 1kQ FLEX 6000 Device
MSEL <;|7
¢ ® P> CONF_DONE
GND
¢ P nSTATUS
FV nCE nCEO (— N.C. (2)
Microprocessor GND
»| paTA
P NCONFIG
P DCLK

Notes:

(1) The pull-up resistor should be connected to any V¢ that meets the device
high-level input voltage (V) specification.
(2) The nCEOpin is left unconnected.

For multi-device PS configuration with a microprocessor, the first device’s
NCEOpin is cascaded to the second device’s nCEpin. The second device in
the chain begins configuration within one clock cycle; therefore, the

transfer of data destinations is transparent to the microprocessor. Because
all device CONF_DONgins are tied together, all devices initialize and enter

user mode at the same time.
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In addition, the nSTATUSpins are tied together; thus, if any device detects
an error, the entire chain halts configuration and drives nSTATUSlow. The
microprocessor can then pulse nCONFIGlow to restart the configuration
process. Alternatively, if the Auto-Restart Configuration on Frame Error
option is set in the MAX+PLUS Il or Quartus software, the target devices
release nSTATUSafter a reset time-out period. After nNSTATUSIs released,
the microprocessor can reconfigure the target devices. Figure 12 shows
multi-device configuration with a microprocessor.

Figure 12. PS Multi-Device Configuration with a Microprocessor

APEX 20K or FLEX 10K Devices

Memory
| vec@) vce )
ADDR  DATAO APEX 20K or APEX 20K or
1kQ 1kQ FLEX 10K Device 1 FLEX 10K Device 2
MSEL1 MSEL1
MSELO MSELO
< ® P CONF_DONE CONF_DONE
| -
¢ P nSTATUS oD P> nSTATUS S
<7—> nCE nCEO —— P> nCE
Microprocessor GND
nCEO (—N.C. (2)
| DATAD —»| DATAO
P nCONFIG P> nCONFIG
T> DCLK |—> DCLK
FLEX 6000 Devices
Memory
VCC (1) VCC (1
ADDR DATA @ @
1kQ 1kQ FLEX 6000 Device 1 FLEX 6000 Device 2
MSEL 437 MSEL 4;|7
¢ ® P> CONF_DONE P CONF_DONE
< »| nsTATUS GNP L__pl nsTATUS GND
<7—> nCE nCEO P nCE
Microprocessor GND
nCEO (—
P pata p| DATA NC. )
P> nCONFIG —>| nCONFIG
P> DCLK DCLK

Notes:
(1)

-

The pull-up resistor should be connected to a supply that provides an acceptable power level for all devices in the

chain. For example, when a device chain contains a mixture of 5.0-V FLEX 10K devices and 2.5-V FLEX 10KE
devices, the pull-up resistor should be connected to0 5.0 V. You should use 5.0 V in this scenario because FLEX 10KE
170 pins are 5.0-V tolerant.

@
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The nCEOpin is left unconnected for the last device in the chain.
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Figure 13 shows the PS configuration timing waveform for APEX 20K,

FLEX 10K, and FLEX 6000 devices.

Figure 13. PS Timing Waveform for APEX 20K, FLEX 10K & FLEX 6000 Devices
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Notes:
(1) Upon power-up, nSTATUSIs held low for 5 ps.
(2) Upon power-up and before configuration, 