ghipsmall

Chipsmall Limited consists of a professional team with an average of over 10 year of expertise in the distribution
of electronic components. Based in Hongkong, we have already established firm and mutual-benefit business
relationships with customers from,Europe,America and south Asia,supplying obsolete and hard-to-find components
to meet their specific needs.

With the principle of “Quality Parts,Customers Priority,Honest Operation,and Considerate Service”,our business
mainly focus on the distribution of electronic components. Line cards we deal with include
Microchip,ALPS,ROHM, Xilinx,Pulse,ON,Everlight and Freescale. Main products comprise
IC,Modules,Potentiometer,IC Socket,Relay,Connector.Our parts cover such applications as commercial,industrial,
and automotives areas.

We are looking forward to setting up business relationship with you and hope to provide you with the best service
and solution. Let us make a better world for our industry!

Contact us

Tel: +86-755-8981 8866 Fax: +86-755-8427 6832
Email & Skype: info@chipsmall.com Web: www.chipsmall.com
Address: A1208, Overseas Decoration Building, #122 Zhenhua RD., Futian, Shenzhen, China

iy [0



EPCQ-L Serial Configuration Devices
Datasheet

'h\ Subscribe CF52013 | 2018.05.18
C] Send Feedback Latest document on the web: PDF | HTML



(intel“’

Contents

EPCQ-L Serial Configuration Devices Datasheet.........ccicverimmmirmrarimrmerassrsrssnsassssasnasansass 3
Y8 0] s o] u=Te B TSNV TP 3
F AU S ettt 3
Operating CoNditiONS. . vttt e 4
Absolute MaxXimum RatingS.....ciiiriiiiiii i 4
Recommended Operating CoNAitioNS. .. ...ouieiiie i e e e e e eeeaenas 4

DC Operating ConditioNS.......vuiiiiieii e e nees 5

L (O OS] U707 A G U1 /=T oo P 5

(O=] o = T o] 1= Lo = S 5

(T o T K 0] o] o 0 1 = o 1A P 6
EPCQ-L Device Pin DesCriplion. i i st re e e ra e aaeeeaas 7
Device Package and Ordering COOe. ... ..cu i e e e e e e e e e e e e enenee e enens 8
2= 101 = 1= 8

(@1 /a [T o T I o T [P 8
Memory Array OrganizZation. ... e e 8
Address Range for EPCQ-L256. ... ittt e et e e aaea 9
Address Range for EPCQ-LE 12, ...ttt et e e e e e naneas 10
Address Range for EPCQ-L1024. ... ...t e e e e e e e e e eeeees 10
=T 0 aTe] VAN @ 0 T=T =1 u [ 1= P 11
TiMING REQUINEMIENES. 1.ttt e e e nes 11
AdAresSSiNg MOGE. ..ot e 12
ST =] =N 12
1] o= L B ST ] =] P 12

Flag Status REGISTEr. ... vt et e e eaaas 18
Non-Volatile Configuration ReGISter.......uvie it e enes 19
Summary Of Operation COAES. .. ..uiuiiriiiiiii it e s ae s e e eaeanns 21
4BYTEADDREN and 4BYTEADDREX Operations (B7h and E9h)........ccccviiiiiiiiiininnnn, 22

Write Enable Operation (06h)....c.uiiiiiiiiiii i 22

Write Disable Operation (04h) . ....cciiiiiiii i e 23

Read Bytes Operation (03h) ... et 23

Fast Read Operation (Bh)....o.iie i e 24
Extended Quad Input Fast Read Operation (EBh).......ccoieiiiiiiiiiiiiiiie s 25

Read Device Identification Operation (9Eh or OFh)....cciiiiiiiiiiii e 26

Write Bytes Operation (02h). ... e 27
Extended Quad Input Fast Write Bytes Operation (12h)....ccccviiiiiiiiiiiiiiiiiiicci e 27

Erase Bulk Operation (C7N) ... et e e e e e e e e e eees 28

Erase Die Operation (CAh) ... it eas 29

Erase Sector Operation (D8h).....ciuiiiiiiiiii i 29
POWEE MO, ...ttt 30
B LaaT1aTe I Xl e ] o 1 1= € o] o 1R PPN 30
=R @] oT=T =1 o [o] o T I T 011 o T 1R 30

[2CCT=Te @0 T=T o= Yl o o N [0 1o e AP 31
Programming and Configuration File SUPPOIt.......cvuiiiie i e 31
Document Revision History for EPCQ-L Serial Configuration Devices Datasheet................... 32

EPCQ-L Serial Configuration Devices Datasheet

2



®
CF52013 | 2018.05.18 l n tel

EPCQ-L Serial Configuration Devices Datasheet

Supported Devices

Table 1. EPCQ-L Devices
Device Memory Size Oon-Chip ISP Cascading [Reprogrammab | Recommended [Numbe
(bits) Decompression | Support Support(2) le Operating r of
Support(1) Voltage (V) Die
(256M
B)
EPCQ- 268,435,456 No Yes No Yes 1.8 1
L256
EPCQ- 536,870,912 No Yes No Yes 1.8 2
L512
EPCQ- 1,073,741,824 No Yes No Yes 1.8 4
L1024
Features

EPCQ-L devices offer the following features:

e Compatibility with the Intel Stratix® 10, Intel Arria 10, and Intel Cyclone 10 GX
devices

e Native support for active serial (AS) x4

e Backward compatibility for AS x1 on the Intel Arria 10 and Intel Cyclone 10 GX
devices

e Low pin count and non-volatile memory

e 1.8-V operation

e Stacked die device for the EPCQ-L512 and EPCQ-L1024 devices

e Manufactured on NOR technology

e Available in FBGA24 package

e Reprogrammable memory with more than 100,000 erase or program cycles
e More than 20 years of data retention

e Write protection support for memory sectors using status register bits

e Fast read and extended quad input fast read of the entire memory using a single
operation code

(1) EPCQ-L devices are compatible with decompression built into the Intel® Arria® 10 and Intel
Cyclone® 10 GX devices.

(2) Multiple EPCQ-L devices may be used on a single FPGA device.

Intel Corporation. All rights reserved. Intel, the Intel logo, Altera, Arria, Cyclone, Enpirion, MAX, Nios, Quartus

and Stratix words and logos are trademarks of Intel Corporation or its subsidiaries in the U.S. and/or other

countries. Intel warrants performance of its FPGA and semiconductor products to current specifications in 1so
accordance with Intel's standard warranty, but reserves the right to make changes to any products and services 900}:2008
at any time without notice. Intel assumes no responsibility or liability arising out of the application or use of any Registered
information, product, or service described herein except as expressly agreed to in writing by Intel. Intel

customers are advised to obtain the latest version of device specifications before relying on any published

information and before placing orders for products or services.

*Other names and brands may be claimed as the property of others.
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e Write bytes and extended quad input fast write bytes of the entire memory using
a single operation code

e In-system programming (ISP) support with the SRunner software driver

e ISP support with Intel FPGA Download Cable II, Intel FPGA Download Cable,
Ethernet Download Cable II, or Ethernet Download Cable download cables

* By default, the memory array is erased and the bits are set to 1

e During user mode, you can use the Intel FPGA ASMI Parallel or Intel FPGA ASMI
Parallel II IP cores to access the EPCQ-L device

e More than 20 years data retention

Warning: EPCQ-L devices are only compatible with the Intel Stratix 10, Intel Arria 10, and Intel
Cyclone 10 GX devices.

Operating Conditions
This section covers information about the absolute maximum ratings, recommended

operating conditions, DC operating conditions, ICC supply current, and capacitance for
EPCQ-L devices.

Absolute Maximum Ratings

Table 2. Absolute Maximum Ratings
Symbol Parameter Condition Min Max Unit
Vee Supply voltage With respect to -0.6 2.4 \%
GND
Vip 3 DC input/output With respect to -0.6 Ve + 0.6 %
voltage GND
Tsta Storage No bias -65 150 oC
temperature

Recommended Operating Conditions

Table 3. Recommended Operating Conditions
Symbol Parameter Condition Min Max Unit
Vee Supply voltage ) 1.7 2.0 \Y
Vi Input voltage With respect to GND -0.5 0.4 + V¢ \Y
continued...

(3) For periods of less than 10 ns, Vy_ can undershoot to -1.0 V and Vi can overshoot to V¢
+ 1.0V

(%) The maximum V¢ rise time is 100 ms.

EPCQ-L Serial Configuration Devices Datasheet
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Symbol Parameter Condition Min Max Unit
Tp ) Ambient operating For industrial use -40 85 °C
temperature
tr Input rise time — — 5 ns
te Input fall time — - 5 ns
Related Information
e EPCQ-L Package and Thermal Resistance
Provides more information about EPCQ-L thermal resistance.
e Altera IBIS Models
DC Operating Conditions
Table 4. DC Operating Conditions
Symbol Parameter Condition Min Max Unit
Vin High-level input voltage — 0.7 X Ve Vee + 0.4 Vv
Vi Low-level input voltage - -0.5 0.3 x Ve \
VoH High-level output voltage Ioy = -100 pA ® Vee - 0.2 — \%
VoL Low-level output voltage Io,=1.6mA® — 0.4 \%
I Input leakage current Vi =V¢c or GND -2 2 HA
ICC Supply Current
Table 5. Icc Supply Current
Symbol Parameter Condition Min Max Unit
Icco Ve supply current Standby — 100 HA
Icaa Ve supply current During active power mode — 20 mA
Capacitance
Table 6. Capacitance
Symbol Parameter(8) Condition Min Max Unit
Cin Input pin capacitance Vin=0V - 6 pF
Cin/out Input/Output pin capacitance Vour =0V — 8 pF

(3) EPCQ-L devices can be paired with industrial-grade FPGAs operating at junction temperatures
up to 100°C as long as the ambient temperature for the EPCQ-L device does not exceed 85°C.

(6) The Iy parameter refers to the high-level TTL or CMOS output current.

(7) The Ip, parameter refers to the low-level TTL or CMOS output current.

(8) Capacitance is sample-tested only at To = 25°C and at a 54-MHz frequency.

EPCQ-L Serial Configuration Devices Datasheet
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Pin Information

Figure 1. Pin-Out Diagram for EPCQ-L Devices in the FBGA24 Package
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Table 7. Signals for EPCQ-L Devices

Signals Balls
ncs c2
DCLK B2
DATAO D3
DATAl D2
DATA2 C4
DATA3 D4
vee B4
GND B3
DNU(®) A2
A3
A4
A5
B1
BS
C1
C3
c5
D1
D5
El
E2

continued...

(®) Do not use

EPCQ-L Serial Configuration Devices Datasheet
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Signals Balls

E3

E4

E5

EPCQ-L Device Pin Description

Table 8. EPCQ-L Device Pin Description
Pin Name Pin Type Description
nCS Input The active low nCS input signal toggles at the beginning and end of a valid operation. When

this signal is high, the device is deselected and the DATA pin is tri-stated.

When this signal is low, the device is enabled and is in active mode. After power up, the
EPCQ-L device requires a falling edge on the nCs signal before you begin any operation.

DCLK Input The FPGA provides the DCLK signal. This signal provides the timing for the serial interface.
The data presented on the DATAO pin is latched to the EPCQ-L device on the rising edge of
the DCLK signal. The data on the DATA pin changes after the falling edge of the DCLK signal
and is latched in to the FPGA on the next falling edge of the DCLX signal.

DATAOQ 1/0 For AS x1 mode, use this pin as an input signal pin to write or program the EPCQ-L device.
During write or program operations, the data is latched on the rising edge of the DCLK
signal.

For AS x4 mode, use this pin as an I/O signal pin. During write or program operations, this
pin acts as an input pin that serially transfers data into the EPCQ-L device. The data is
latched on the rising edge of the DCLK signal. During read or configuration operations, this
pin acts as an output signal pin that serially transfers data out of the EPCQ-L device to the
FPGA. The data is shifted out on the falling edge of the DCLK signal.

During the extended quad input fast write bytes operation, this pin acts as an input pin that
serially transfers data into the EPCQ-L device. The data is latched on the rising edge of the
DCLK signal. During extended quad input fast read operation, this pin acts as an output
signal pin that serially transfers data out of the EPCQ-L device to the FPGA. The data is
shifted out on the falling edge of the DCLK signal.

DATA1L 1/0 For AS x1 mode, use this pin as an output signal pin that serially transfers data out of the
EPCQ-L device to the FPGA during read or configuration operations. For AS x4 mode, use
this pin as an I/0 signal pin. The transition of the signal is on the falling edge of the DCLK
signal.

During the extended quad input fast write bytes operation, this pin acts as an input signal
pin that serially transfers data into the EPCQ-L device. The data is latched on the rising
edge of the DCLK signal.

During extended quad input fast read operation, this pin acts as an output signal pin that
serially transfer data out of the EPCQ-L device to the FPGA. The data is shifted out on the
falling edge of the DCLK signal. During read, configuration, or program operations, you can
enable the EPCQ-L device by pulling the nCS signal low.

DATA2 1/0 For AS x1 mode, this pin must connect to a 1.8-V power supply.

For AS x4 mode, use this pin as an output signal that serially transfers data out of the
EPCQ-L device to the FPGA during read or configuration operations. The transition of the
signal is on the falling edge of the DCLK signal.

During the extended quad input fast write bytes operation, this pin acts as an input pin that
serially transfers data into the EPCQ-L device. The data is latched on the rising edge of the
DCLK signal. During the extended quad input fast read operation, this pin acts as an output
signal pin that serially transfers data out of the EPCQ-L device to the FPGA. The data is
shifted out on the falling edge of the DCLK signal.

DATA3 1/0 For AS x1 mode, this pin must connect to a 1.8-V power supply.

For AS x4 mode, use this pin as an output signal that serially transfers data out of the
EPCQ-L device to the FPGA during read or configuration operations. The transition of the
signal is on the falling edge of the DCLK signal.

continued...

EPCQ-L Serial Configuration Devices Datasheet
7



®
l n tel EPCQ-L Serial Configuration Devices Datasheet
CF52013 | 2018.05.18

Pin Name Pin Type Description

During the extended quad input fast write bytes operation, this pin acts as an input pin that
serially transfers data into the EPCQ-L device. The data is latched on the rising edge of the
DCLK signal. During the extended quad input fast read operation, this pin acts as an output
signal pin that serially transfers data out of the EPCQ-L device to the FPGA. The data is
shifted out on the falling edge of the DCLXK signal.

vCC Power Connect the power pins to a 1.8-V power supply.

GND Ground Ground pin.

Device Package and Ordering Code

This section describes the package offered in EPCQ-L devices and the ordering codes
for each EPCQ-L device.

Package

The EPCQ-L256, EPCQ-L512, and EPCQ-L1024 devices are available in FBGA24
packages.
Related Information

e EPCQ-L Device Package Information
Provides more information about EPCQ-L packaging specifications, thermal
resistance and dimensions.

e ADV1712: Removal of 3-Year Date Code Shipment Restriction for Selected
Configuration Devices (EPCQL; EPCQ 256 Mb and larger)

Ordering Code

Table 9. EPCQ-L Device Ordering Codes

Device Ordering Code(10)
EPCQ-L256 EPCQL256F24IN
EPCQ-L512 EPCQL512F24IN

EPCQ-L1024 EPCQL1024F24IN

Memory Array Organization

Table 10. Memory Array Organization in EPCQ-L Devices

Details EPCQ-L256 EPCQ-L512 EPCQ-L1024
Bytes 33,554,432 bytes (256 Mb) 67,108,864 bytes (512 Mb) 134,217,728 bytes (1,024
Mb)
Number of sectors 512 1,024 2,048
Bytes per sector 65,536 bytes (512 Kb)
continued...

(10) N indicates that the device is lead free.

EPCQ-L Serial Configuration Devices Datasheet
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Details EPCQ-L256 EPCQ-L512 EPCQ-L1024
Total numbers of 8,192 16,384 32,768
subsectors(11)
Bytes per subsector 4,096 bytes (32 Kb)
Pages per sector 256
Total number of pages 131,072 262,144 524,288
Bytes per page 256 bytes

Address Range for EPCQ-L256

Table 11. Address Range for Sectors 511..0 and Subsectors 8191..0 in EPCQ-L256

Devices

Sector Subsector Address Range (Byte Addresses in HEX)
Start End

511 8191 01FFFO000h OlFFFFFFh
8176 01FF0000h O1lFFOFFFh
255 4095 00OFFFO000h OOFFFFFFh
4080 00FFO0000h OOFFOFFFh
127 2047 007FF000h 007FFFFFh
2032 007F0000h 007FOFFFh
63 1023 003FFO000h 003FFFFFh
1008 003F0000h 003FOFFFh
0 15 0000F000h 0000FFFFh
0 00000000h 00000FFFh

(11) Every sector is further divided into 16 subsectors with 4 KB of memory. Therefore, there are
8,192 (512 x 16) subsectors for the EPCQ-L256 device, 16,384 (1,024 x 16) subsectors for
the EPCQ-L512 device, and 32,768 (2,048 x 16) subsectors for the EPCQ-L1024 device.

EPCQ-L Serial Configuration Devices Datasheet
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Table 12. Address Range for Sectors 1023..0 and Subsectors 16383..0 in EPCQ-L256

Devices

Sector Subsector Address Range (Byte Addresses in HEX)
Start End

1023 16383 03FFF000h 03FFFFFFh
16368 03FF0000h 03FFOFFFh
511 8191 O1lFFFO000h O1lFFFFFFh
8176 0O1FF0000h 01lFFOFFFh
255 4095 OOFFFO000h OOFFFFFFh
4080 O0FF0000h OOFFOFFFh
127 2047 007FFO000h 007FFFFFh
2032 007F0000h 007FOFFFh
63 1023 003FF000h 003FFFFFh
1008 003F0000h 003FOFFFh
0 15 0000F000h 0000FFFFh
0 00000000h 00000FFFh

Address Range for EPCQ-L1024

Table 13. Address Range for Sectors 2047..0 and Subsectors 32767..0 in EPCQ-L1024

Devices
Sector Subsector Address Range (Byte Addresses in HEX)
Start End
2047 32767 07FFF000h 07FFFFFFh
continued...

EPCQ-L Serial Configuration Devices Datasheet
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Sector Subsector Address Range (Byte Addresses in HEX)
Start End

32750 07FF0000h O7FFOFFFh

1023 16383 03FFF000h O3FFFFFFh

16368 03FF0000h O3FFOFFFh

511 8191 01FFFO000h OlFFFFFFh

8176 01FF0000h 01FFOFFFh

255 4095 00FFF000h OOFFFFFFh

4080 00FF0000h 00FFOFFFh

127 2047 007FFO000h 007FFFFFh

2032 007F0000h 007FOFFFh

63 1023 003FFO000h 003FFFFFh

1008 003F0000h 003FOFFFh

0 15 0000F000h 0000FFFFh

0 00000000h 00000FFFh

Memory Operations

This section describes the operations that you can use to access the memory in EPCQ-
L devices. When performing the operation, addresses and data are shifted in and out
of the device serially, with the MSB first

Timing Requirements

When the active low chip select (nCS) signal is driven low, shift in the operation code
into the EPCQ-L device using the serial data (DATAO) pin. Each operation code bit is
latched into the EPCQ-L device on the rising edge of the DCLK.

EPCQ-L Serial Configuration Devices Datasheet
11
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While executing an operation, shift-in the desired operation code, followed by the
address or data bytes as listed in Table 24 on page 21. The device must drive the
nCS pin high after the last bit of the operation sequence is shifted in.

For read operations, the data read is shifted out on the DATAOQ pin. You can drive the
nCS pin high when any bit of the data is shifted out.

For write and erase operations, drive the nCs pin high at a byte boundary, that is in a
multiple of eight clock pulses. Otherwise, the operation is rejected and not executed.

All attempts to access the memory contents while a write or erase cycle is in progress
are rejected, and the write or erase cycle continues unaffected.

Addressing Mode

Note:

Registers

To access the EPCQ-L256, EPCQ-L512, or EPCQ-L1024 memory, you must use the 4-
byte addressing mode. In 4-byte addressing mode, the address width is 32-bit. To
enable the 4-byte addressing mode, you must execute the 4BYTEADDREN operation.
This addressing mode takes effect immediately after you execute the 4BYTEADDREN
operation and remains active in the subsequent power-ups. To disable the 4-byte
addressing mode, you must execute the 4BYTEADDREX operation.

If you are using the Intel Quartus® Prime software or the SRunner software to
program the EPCQ-L256, EPCQ-L512, or EPCQ-L1024 device, you do not need to
execute the 4BYTEADDREN operation. These software tools automatically enable the
4-byte addressing mode when programming the device.

Status Register

Table 14. Status Register Bits
Bit Name Value Description
7 None
6 BP3 (Block Protect Table 15 on page 13 through Table 20 on page 16 list the Determine the area of the
Bit)(12) protected area with reference to the block protect bits. memory protected from

being written or erased
unintentionally.

5 TB (Top/Bottom Bit) | ¢ 1=Protected area starts from the bottom of the memory | Determine that the

array. protected area starts from
e 0=Protected area starts from the top of the memory the top or bottom of the
array. memory array.
4 BP2(12) Table 15 on page 13 through Table 20 on page 16 list the Determine the area of the
protected area with reference to the block protect bits. memory protected from
3 BP1(12) being written or erased

unintentionally.

continued...

(12) The erase bulk and erase die operation is only available when all the block protect bits are set
to 0. When any of the block protect bits are set to 1, the relevant area is protected from being
written by a write bytes operation or erased by an erase sector operation.

EPCQ-L Serial Configuration Devices Datasheet
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Bit Name Value Description
2 BPO(12)
1 WEL (Write Enable e 1=Allows the following operation to run: Allows or rejects certain
Latch Bit) — Write Bytes operation to run.
— Write Status Register
— Erase Bulk
— Erase Die

— Erase Sector
e 0=Rejects the above mentioned operations.

0 WIP (Write in e 1=0ne of the following operation is in progress: Indicates if there is a
Progress Bit) — Write Status Register command in progress.
— Write NVCR
— Write Bytes
— Erase

e 0=no write or erase cycle in progress

Read Status Register Operation (05h)

The status register can be read continuously and at anytime, including during a write
or erase operations.

Figure 2. Read Status Register Operation Timing Diagram

nCs

o 1 2 3 4 5 6 7 8 9 10 M 12 13 14 15

MKlUUUUUUUWﬂﬂﬂﬂﬂHUUUUUUUUﬂﬂ

«—QOperation Code (05Sh———

DATAO

Status Register Out Status Register Out

High Impedance
o - 206000000000 0000.4¢

MsB MsB

Block Protection Bits in EPCQ-L256 when TB Bit is Set to 0

Table 15. Block Protection Bits in EPCQ-L256 when TB Bit is Set to 0

Status Register Content Memory Content

TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
0 0 0 0 0 None All sectors
0 0 0 0 1 Sector 511 Sectors (0 to 510)
0 0 0 1 0 Sectors (510 to 511) Sectors (0 to 509)
0 0 0 1 1 Sectors (508 to 511) Sectors (0 to 507)
0 0 1 0 0 Sectors (504 to 511) Sectors (0 to 503)
0 0 1 0 1 Sectors (496 to 511) Sectors (0 to 495)
0 0 1 1 0 Sectors (480 to 511) Sectors (0 to 479)
0 0 1 1 1 Sectors (448 to 511) Sectors (0 to 447)
0 1 0 0 0 Sectors (384 to 511) Sectors (0 to 383)
0 1 0 0 1 Sectors (256 to 511) Sectors (0 to 255)

continued...

EPCQ-L Serial Configuration Devices Datasheet
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Status Register Content Memory Content
TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
0 1 0 1 0 All sectors None
0 1 0 1 1 All sectors None
0 1 1 0 0 All sectors None
0 1 1 0 1 All sectors None
0 1 1 1 0 All sectors None
0 1 1 1 1 All sectors None

Block Protection Bits in EPCQ-L256 when TB Bit is Setto 1

Table 16. Block Protection Bits in EPCQ-L256 when TB Bit is Set to 1
Status Register Content Memory Content

TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
1 0 0 0 0 None All sectors
1 0 0 0 1 Sector 0 Sectors (1 to 511)
1 0 0 1 0 Sectors (0 to 1) Sectors (2 to 511)
1 0 0 1 1 Sectors (0 to 3) Sectors (4 to 511)
1 0 1 0 0 Sectors (0 to 7) Sectors (8 to 511)
1 0 1 0 1 Sectors (0 to 15) Sectors (16 to 511)
1 0 1 1 0 Sectors (0 to 31) Sectors (32 to 511)
1 0 1 1 1 Sectors (0 to 63) Sectors (64 to 511)
1 1 0 0 0 Sectors (0 to 127) Sectors (128 to 511)
1 1 0 0 1 Sectors (0 to 255) Sectors (256 to 511)
1 1 0 1 0 All sectors None
1 1 0 1 1 All sectors None
1 1 1 0 0 All sectors None
1 1 1 0 1 All sectors None
1 1 1 1 0 All sectors None
1 1 1 1 1 All sectors None

Block Protection Bits in EPCQ-L512 when TB Bit is Set to 0

Table 17. Block Protection Bits in EPCQ-L512 when TB Bit is Set to 0
Status Register Content Memory Content
TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
0 0 0 0 0 None All sectors
0 0 0 0 1 Sector 1023 Sectors (0 to 1022)
0 0 0 1 0 Sectors (1022 to 1023) Sectors (0 to 1021)
continued...

EPCQ-L Serial Configuration Devices Datasheet
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Status Register Content Memory Content

TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
0 0 0 1 1 Sectors (1020 to 1023) Sectors (0 to 1019)
0 0 1 0 0 Sectors (1016 to 1023) Sectors (0 to 1015)
0 0 1 0 1 Sectors (1008 to 1023) Sectors (0 to 1007)
0 0 1 1 0 Sectors (992 to 1023) Sectors (0 to 991)
0 0 1 1 1 Sectors (960 to 1023) Sectors (0 to 959)
0 1 0 0 0 Sectors (896 to 1023) Sectors (0 to 895)
0 1 0 0 1 Sectors (768 to 1023) Sectors (0 to 767)
0 1 0 1 0 Sectors (512 to 1023) Sectors (0 to 511)
0 1 0 1 1 All sectors None
0 1 1 0 0 All sectors None
0 1 1 0 1 All sectors None
0 1 1 1 0 All sectors None
0 1 1 1 1 All sectors None

Block Protection Bits in EPCQ-L512 when TB Bit is Set to 1

Table 18. Block Protection Bits in EPCQ-L512 when TB Bit is Set to 1

Status Register Content Memory Content

TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
1 0 0 0 0 None All sectors
1 0 0 0 1 Sector 0 Sectors (1 to 1023)
1 0 0 1 0 Sectors (0 to 1) Sectors (2 to 1023)
1 0 0 1 1 Sectors (0 to 3) Sectors (4 to 1023)
1 0 1 0 0 Sectors (0 to 7) Sectors (8 to 1023)
1 0 1 0 1 Sectors (0 to 15) Sectors (16 to 1023)
1 0 1 1 0 Sectors (0 to 31) Sectors (32 to 1023)
1 0 1 1 1 Sectors (0 to 63) Sectors (64 to 1023)
1 1 0 0 0 Sectors (0 to 127) Sectors (128 to 1023)
1 1 0 0 1 Sectors (0 to 255) Sectors (256 to 1023)
1 1 0 1 0 Sectors (0 to 511) Sectors (512 to 1023)
1 1 0 1 1 All sectors None
1 1 1 0 0 All sectors None
1 1 1 0 1 All sectors None
1 1 1 1 0 All sectors None
1 1 1 1 1 All sectors None
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Block Protection Bits in EPCQ-L1024 when TB Bit is Set to 0

Table 19. Block Protection Bits in EPCQ-L1024 when TB Bit is Set to 0
Status Register Content Memory Content

TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
0 0 0 0 0 None All sectors
0 0 0 0 1 Sector 2047 Sectors (0 to 2046)
0 0 0 1 0 Sectors (2046 to 2047) Sectors (0 to 2045)
0 0 0 1 1 Sectors (2044 to 2047) Sectors (0 to 2043)
0 0 1 0 0 Sectors (2040 to 2047) Sectors (0 to 2039)
0 0 1 0 1 Sectors (2032 to 2047) Sectors (0 to 2031)
0 0 1 1 0 Sectors (2016 to 2047) Sectors (0 to 2015)
0 0 1 1 1 Sectors (1984 to 2047) Sectors (0 to 1983)
0 1 0 0 0 Sectors (1920 to 2047) Sectors (0 to 1919)
0 1 0 0 1 Sectors (1792 to 2047) Sectors (0 to 1791)
0 1 0 1 0 Sectors (1536 to 2047) Sectors (0 to 1535)
0 1 0 1 1 Sectors (1024 to 2047) Sectors (0 to 1023)
0 1 1 0 0 All sectors None
0 1 1 0 1 All sectors None
0 1 1 1 0 All sectors None
0 1 1 1 1 All sectors None

Block Protection Bits in EPCQ-L1024 when TB Bit is Set to 1

Table 20. Block Protection Bits in EPCQ-L1024 when TB Bitis Setto 1
Status Register Content Memory Content
TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area

1 0 0 0 0 None All sectors

1 0 0 0 1 Sector 0 Sectors (1 to 2047)
1 0 0 1 0 Sectors (0 to 1) Sectors (2 to 2047)
1 0 0 1 1 Sectors (0 to 3) Sectors (4 to 2047)
1 0 1 0 0 Sectors (0 to 7) Sectors (8 to 2047)
1 0 1 0 1 Sectors (0 to 15) Sectors (16 to 2047)
1 0 1 1 0 Sectors (0 to 31) Sectors (32 to 2047)
1 0 1 1 1 Sectors (0 to 63) Sectors (64 to 2047)
1 1 0 0 0 Sectors (0 to 127) Sectors (128 to 2047)
1 1 0 0 1 Sectors (0 to 255) Sectors (256 to 2047)
1 1 0 1 0 Sectors (0 to 511) Sectors (512 to 2047)
1 1 0 1 1 Sectors (0 to 1023) Sectors (1024 to 2047)

continued...
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Status Register Content Memory Content
TB Bit BP3 Bit | BP2 Bit | BP1 Bit | BPO Bit Protected Area Unprotected Area
1 1 1 0 0 All sectors None
1 1 1 0 1 All sectors None
1 1 1 1 0 All sectors None
1 1 1 1 1 All sectors None

Write Status Register Operation (01h)

Figure 3.

The write status register operation does not affect the write enable latch and write in
progress bits. You can use the write status register operation to set the status register
block protection and top or bottom bits. Therefore, you can implement this operation
to protect certain memory sectors. Refer to Table 15 on page 13 through Table 20 on
page 16. After setting the block protect bits, the protected memory sectors are
treated as read-only memory. You must execute the write enable operation before the
write status operation.

When the operation is in progress, the write or erase controller bit of the flag status
register is set to 0. To obtain the operation status, the flag status register must be
polled(13), with nCs toggled twice in between commands. When the operation
completes, the write or erase controller bit is cleared to 1. The end of operation can be
detected when the flag status register outputs the write or erase controller bit to 1
each time it is polled.

The following figure shows the timing diagram for the write status register operation.

Write Status Register Operation Timing Diagram

nCs
o 1 2 3 4 5 6 7 8 9 10 1M 12 13 14 15
DCLK
Operation Code (01h) Status Register
o\ Q0060000
MSB
DATA High Impedance

Immediately after the nCS signal drives high, the device initiates the self-timed write
status cycle. The self-timed write status cycle usually takes 5 ms for all EPCQ-L
devices and is guaranteed to be less than 8 ms. For details about tys, refer to Table
26 on page 30. You must account for this delay to ensure that the status register is
written with the desired block protect bits. Alternatively, you can check the write in
progress bit in the status register by executing the read status register operation while
the self-timed write status cycle is in progress. The flash controller sets the write in
progress bit to 1 during the self-timed write status cycle and 0 when it is complete.

(13) poll the flag status register once for EPCQL256, twice for EPCQL512 or four times for
EPQL1024.
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Flag Status Register

Table 21. Flag Status Register Bits

Bit Name Value Description
7 Write or Erase e 1=Ready Indicates whether one of the following operation is in
Controller(14) o 0=Busy progress:

e Write Status Register
e Write NVCR
e Write Bytes

e Erase
6 Erase suspend e 1=In effect Indicates whether an Erase operation has been or is going
e 0=Not in effect to be suspended.

Note: Status bits are reset automatically

5 Erase e 1=Failure or protection Indicates whether an Erase operation has succeeded or
error failed.
e 0=Clear
4 Write e 1=Failure or protection Indicates whether a Write Bytes operation has succeeded or
error failed; also an attempt to write a 0 to a 1 when VPP = VPPH
e 0=Clear and the data pattern is a multiple of 64 bits.

3 Reserved

2 Write suspend e 1=In effect Indicates whether a Write Bytes operation has been or will
e 0=Not in effect be suspended.
1 Protection e 1=Failure or protection Indicates whether an Erase or Write Bytes operation has
error attempted to modify the protected array sector.
e 0=Clear
0 Addressing e 1=4-bytes addressing Indicates the addressing mode used.

e 0=3-bytes addressing

Read Flag Status Register Operation(70h)

The Read flag status register can be read continuously and at any time, including
during a write or erase operation. You must read the Read flag status register every
time a write or erase command is issued.

Figure 4. Read Flag Status Register Operation Timing Diagram

n(s

0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15
Operation Code (70h}

DCLK

JATAO

Status Register Out Status Register Out

High Impedance A
o = 20O 0000000060000
MSB

MSB

~

(14) Write or erase controller bit = NOT write in progress bit.

EPCQ-L Serial Configuration Devices Datasheet
18



] ®
EPCQ-L Serial Configuration Devices Datasheet l n tel )

CF52013 | 2018.05.18

Non-Volatile Configuration Register

Table 22. Dummy Clock Cycles and Address Bytes for the Non-Volatile Configuration
Register Operation

FPGA Device Address Bytes Dummy Clock Cycles

AS x1 AS x4

Intel Arria 10 and Intel 4-byte addressing 10 10
Cyclone 10 GX

Intel Stratix 10 4-byte addressing — 10

Table 23. Non-Volatile Configuration Register Operation Bit Definition

Bit Description Default Value
15:12 Number of dummy cycles. When this number is from 0001 to 1110, the dummy 0000 or 1111 (19
cycles is from 1 to 14. (16)
11:5 Set these bits to 1111111. 1111111
4 Don't care. 1
3:1 Set these bits to 111. 111
0 Address byte setting. (17) 1
® 0—4-byte addressing
e 1—3-byte addressing

Read Non-Volatile Configuration Register Operation (B5h)

To execute a read non-volatile configuration register, drive the nCs low. For extended
SPI protocol, the operation code is input on DATAO, and output on DATA1. You can
terminate the operation by driving the nCs low at any time during data output. The
nonvolatile configuration register can be read continuously. After all 16 bits of the
register have been read, a 0 is output.

(15) The default dummy clock cycles is 10 for extended quad input fast read and 8 for extended
dual input fast and standard fast read.

(16) For the Intel Stratix 10 device, use the default value 1111h to set 10 dummy clock cycles.

(17) You can only configure the Intel Arria 10 and Intel Cyclone 10 GX devices using the 4-byte
addressing mode.
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Figure 5. Read Non-Volatile Configuration Register Operation Timing Diagram

nCS

01234567 8 91011121314151617 1819202122 23
DCLK

DATAO .

High Impedance

NVCR Out NVCR Out

TGO —

LS Byte MS Byte

DATA

Write Non-Volatile Configuration Register Operation (B1h)

You need to write the non-volatile configuration registers for EPCQ-L devices for
different configuration schemes. If you are using the .jic file, the Intel Quartus Prime
programmer sets the number of dummy clock cycles and address bytes. If you are
using an external programmer tools (3rd party programmer tools), you must set the
non-volatile configuration registers.

To set the non-volatile configuration register, follow these steps:

1. Execute the write enable operation.

2. Execute the write non-volatile configuration register operation.

3. Set the 16-bit register value.

Set the 16-bit register value as b'1110 1110 xxxx 1111 where xxxx is the dummy
clock value. When the xxxx value is from 0001 to 1110, the dummy clock value is
from 1 to 14. When xxxx is 0000 or 1111, the dummy clock value is at the default

value, which is 8 for standard fast read (AS x1) mode and 10 for extended quad input
fast read (AS x4) mode.

Figure 6. Write Non-Volatile Configuration Register Operation Timing Diagram

nCS

012345678 91011121314151617 1819202122 23
DCLK

< NVCRIn >
Byte Byte

4 Operation Code >
(B1h)

DATAO

High Impedance

DATA
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Summary of Operation Codes

ntel.

Table 24. Operation Codes for EPCQ-L Devices
Operation Operation Code |Address Bytes |Dummy Cycles| Data Bytes DCLK fMAX
(18) (MHz)
Read status register 05h 0 0 1 to infinite(*® | 100
Read flag status register 70h 0 0 1 to infinite 100
Read bytes 03h 4 0 1 to infinite (19) | 50
Read non-volatile configuration B5h 0 0 2 100
register
Read device identification 9Eh or 9Fh 0 2 1to 20 (19 100
Fast read (AS x1) 0Bh 4 8 (20) 1 to infinite (19 | 100
Extended quad input fast read EBh 4 10 29 1 to infinite (19) | 100
(AS x4)
Dual I/0 fast read BBh 4 10 1 to infinite 100
Write enable 06h 0 0 0 100
Write disable 04h 0 0 0 100
Write status 0lh 0 0 1 100
Write bytes 02h 4 0 1 to 256 (21) 100
Write non-volatile configuration Blh 0 0 2 100
register
Extended quad input fast write 12h 4 0 1 to 256 (21) 100
bytes
Extended dual input fast write D2h 4 0 1 to 256 100
bytes
Erase bulk (22) C7h 4 0 0 100
Erase die (23) C4h 4 0 0 100
Erase sector D8h 4 0 0 100
continued...

(18)

(19)

(20)

(21)

(22)

(23)

List MSB first and LSB last.

The status register, data, or read device identification is

continuously read out until the nCS pin is driven high.

read out at least once and is

The default EPCQ-L dummy clocks are 8 and 10 for the fast read and extended quad input fast
read operations, respectively. The Intel Quartus Prime Programmer configures the NVCR
automatically during the JIC programming to meet the FPGA dummy clock requirement for

configuration.

A write bytes operation requires at least one data byte. If more than 256 bytes are sent to the
device, only the last 256 bytes are written to the memory.

Erase bulk is applicable to EPCQ-L256 only.

Erase die is applicable to EPCQ-L512 and EPCQ-L1024 only.
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Operation Operation Code |Address Bytes |[Dummy Cycles | Data Bytes DCLK fMAX
(18) (MHz)
Erase subsector 20h 4 0 0 100
4BYTEADDREN B7h 0 0 0 100
4BYTEADDREX E%h 0 0 0 100

4BYTEADDREN and 4BYTEADDREX Operations (B7h and E9h)

Figure 7.

Figure 8.

To enable 4BYTEADDREN or 4BYTEADDREX operations, you can select the device by
driving the nCSs signal low, followed by shifting in the operation code through DATAO.

The following figure shows the timing diagram for the 4BYTEADDREN operation.

4BYTEADDREN Timing Diagram

nCS

01 2 3 4 5 6 7
DCLK

P Operation Code (B7h)
DATAO

The following figure shows the timing diagram for the 4BYTEADDREX operation.

4BYTEADDREX Timing Diagram
n(S

DCLK

Operation Code (E9h)

A
y

DATAO M

Write Enable Operation (06h)

When you enable the write enable operation, the write enable latch bit is set to 1 in
the status register. You must execute this operation before the write bytes, write
status, erase bulk, erase sector, erase die, extended quad input fast write bytes,
4BYTEADDREN, and 4BYTEADDREX operations.

The following figure shows the timing diagram for the write enable operation.

(18) List MSB first and LSB last.
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Figure 9. Write Enable Operation Timing Diagram

nCS

DCLK

Operation Code (06h)

DATAO /

High Impedance

DATA

Write Disable Operation (04h)

The write disable operation resets the write enable latch bit in the status register. To
prevent the memory from being written unintentionally, the write enable latch bit is
automatically reset when implementing the write disable operation, and under the
following conditions:

e Power up

e Write bytes operation completion

e Write status operation completion

e Erase bulk operation completion

e Erase sector operation completion

e Erase die operation completion

e Extended quad input fast write bytes operation completion

The following figure shows the timing diagram for the write disable operation.

Figure 10. Write Disable Operation Timing Diagram

nCS

DCLK

Operation Code (04h)

DATAO

DATA High Impedance

Read Bytes Operation (03h)

When you execute the read bytes operation, you first shift in the read bytes operation
code, followed by a 4-byte addressing mode (A[31..0]). Each address bit is latched
in on the rising edge of the DCLK signal. After the address is latched in, the memory
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contents of the specified address are shifted out serially on the DATA1 pin, beginning
with the MSB. When reading back data programmed from a Raw Programming Data
File (.rpd), the content is shifted out serially beginning with the LSB. Each data bit is
shifted out on the falling edge of the DCLK signal. The maximum DCLK frequency
during the read bytes operation is 50 MHz.

Read Bytes Operation Timing Diagram

nCs

o 1 2 3 4 5 6 7 8 9 10 36 37 38 39 40 41 42 B 44 45 46 47

w UL UL - s

Operation Code (03h) 32-Bit Address

DATAO:>\ / Q@@ oo (32X 1Yo

MsB DATA Out 1 DATA Out 2

High Imped /
DATA1 o1 Mpecance TX6XS5X4X3X2X1TX0X7

The first byte address can be at any location. The device automatically increases the
address to the next higher address after shifting out each byte of data. When the
device reaches the highest address, the address counter restarts at the beginning of
the same die, allowing the memory contents to be read out indefinitely until the read
bytes operation is terminated by driving the nCS signal high. A complete device
reading is done by executing the read operation:

e two times for EPCQ-L512 devices
e four times for EPCQ-L1024 devices

If the read bytes operation is shifted in while a write or erase cycle is in progress, the
operation is not executed and does not affect the write or erase cycle in progress.

Fast Read Operation (Bh)

When you execute the fast read operation, you first shift in the fast read operation
code, followed by a 4-byte addressing mode (A[31..0]), and dummy cycle(s) with
each bit being latched-in during the rising edge of the DCLK signal. Then, the memory
contents at that address is shifted out on DATA1 with each bit being shifted out at a
maximum frequency of 100 MHz during the falling edge of the DCLK signal.
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Figure 12.

nCs

Fast Read Operation Timing Diagram

DCLK

Operation Code (Bh)

8§ 9 10 36 37 38 39
e oo

32-Bit Address

DATAO A

High Impedance

QOORRNOO00

MsB

DATA1

nCS

0 4 N B 4 45 46 4 8B H

DCLK
Dummy Cycle(s)

50 51 52 53 54 55

Uy

2 000.00.00(

DATA1 7 X6

DATA Out 1 DATA Out 2

s L XX 07 Ko s X3 K2 X1 oA 7

MsB MsB

The first byte address can be at any location. The device automatically increases the
address to the next higher address after shifting out each byte of data. When the

device reaches the highest address, the address counter restarts at the beginning of
the same die, allowing the read sequence to continue indefinitely. A complete device

reading is done by executing the read operation:
e two times for EPCQ-L512 devices
e four times for EPCQ-L1024 devices

You can terminate the fast read operation by driving the nCS signal high at any time
during data output. If the fast read operation is shifted in while an erase, program, or
write cycle is in progress, the operation is not executed and does not affect the erase,

program, or write cycle in progress.

Extended Quad Input Fast Read Operation (EBh)

This operation is similar to the fast read operation except that the data and addresses

are shifted in and out on the DATAO, DATA1, DATA2, and DATA3 pins.
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