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47.1  INTRODUCTION

The External Bus Interface (EBI) module provides a convenient, high-speed way to interface
external parallel memory devices to the PIC32 family device.

With the EBI module, it is possible to connect asynchronous SRAM and NOR Flash devices, as
well as non-memory devices, such as camera sensors. The EBI module also supports Low-Cost
Controllerless (LCC) Graphics devices.

The features of the EBI module depend on the particular PIC32 device and the pin count, as
shown in Table 47-1.

Table 47-1: EBI Module Features

Figure 47-1: EBI System Block Diagram 

Note: This family reference manual section is meant to serve as a complement to device
data sheets. Depending on the device variant, this manual section may not apply to
all PIC32 devices.

Please consult the note at the beginning of the “External Bus Interface (EBI)”
chapter in the current device data sheet to check whether this document supports
the device you are using.

Device data sheets and family reference manual sections are available for
download from the Microchip Worldwide Web site at: http://www.microchip.com

Feature
Number of Device Pins

100 124 144

Asynchronous SRAM Y Y Y

Asynchronous NOR Flash Y Y Y

Available address lines 20 20 24

8-bit data bus support Y Y Y

16-bit data bus support Y Y Y

Available Chip Selects 1 1 4

Timing mode sets 3 3 3

8-bit R/W from 16-bit bus N N Y

Performance (MHz) 50 50 50

Non-memory device Y Y Y

Control
Registers

Data
FIFO

Address
FIFO

System
Bus

Static

Interface
Memory

Bus Interface Memory Interface

External Bus Interface

Control Registers

Address Decoder

Static Memory Controller
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Figure 47-2: EBI Module Pinout and Connections to External Devices
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47.2  CONTROL REGISTERS

The EBI module for PIC32 devices contains the following Special Function Registers (SFRs):

• EBICSx: External Bus Interface Chip Select Register (x = 0-3)

This register contains the base address in physical memory for the selected external Device.

• EBIMSKx: External Bus Interface Address Mask Register (x = 0-3)

This register enables selection of the timing register set, as well as the Chip Select memory
type and memory size.

• EBISMTx: External Bus Interface Static Memory Timing Register (x = 0-2)

This register can be used to configure the static memory timing.

• EBIFTRPD: External Bus Interface Flash Timing Register

This register defines the number of clock cycles to hold the external Flash memory in reset.

• EBISMCON: External Bus Interface Static Memory Control Register

This register can be used to define the static memory width for register sets 0-2, and to select
Flash Reset/Power-down mode during a device Reset.

• CFGEBIA: External Bus Interface Address Pin Configuration Register

This register can be used to configure the address pins for the EBI module.

• CFGEBIC: External Bus Interface Control Pin Configuration Register

This register can be used to configure the control pins for the EBI module.
DS60001245A-page 47-4 Preliminary © 2013 Microchip Technology Inc.
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ding registers appear after the summary, fol-

T

Bit 20/4 Bit 19/3 Bit 118/2 Bit 17/1 Bit 16/0

— — — — —

— — — — —

MEMSIZE<4:0>

:0> TBTA<2:0>

TRC<5:0>

— — — — —

— — — — —

— — — — SMRP

T

Bit 20/4 Bit 19/3 Bit 118/2 Bit 17/1 Bit 16/0

BIA20EN EBIA19EN EBIA18EN EBIA17EN EBIA16EN

BIA4EN EBIA3EN EBIA2EN EBIA1EN EBIA0EN

— — —
EBI

RDYLVL
EBIRPEN

BICSEN0 — — EBIDEN1 EBIDEN0
rnal Bus 
ace (EBI)

Table 47-2 and Table 47-3 provide a brief summary of the related EBI registers. Correspon
lowed by a detailed description of each bit.

able 47-2: EBI SFR Summary

Register 
Name

Bit 
Range

Bit 31/15 Bit 30/14 Bit 29/13 Bit 28/12 Bit 27/11 Bit 26/10 Bit 25/9 Bit 24/8 Bit 23/7 Bit 22/6 Bit 21/5

EBICSx 31:16 CSADDR<15:0>

15:0 — — — — — — — — — — —

EBIMSKx 31:16 — — — — — — — — — — —

15:0 — — — — — REGSEL<2:0> MEMTYPE<2:0>

EBISMTx 31:16 — — — — — RDYMODE PAGESIZE<1:0> PAGEMODE TPRC<3

15:0 TWP<5:0> TWR<1:0> TAS<1:0>

EBIFTRPD 31:16 — — — — — — — — — — —

15:0 — — — — TRPD<11:0>

EBISMCON 31:16 — — — — — — — — — — —

15:0 SMDWIDTH2<2:0> SMDWIDTH1<2:0> SMDWIDTH0<2:0> — —

Legend: — = unimplemented, read as ‘0’.

able 47-3: EBI Configuration Register Summary

Register 
Name

Bit 
Range

Bit 31/15 Bit 30/14 Bit 29/13 Bit 28/12 Bit 27/11 Bit 26/10 Bit 25/9 Bit 24/8 Bit 23/7 Bit 22/6 Bit 21/5

CFGEBIA 31:16 EBIPINEN — — — — — — — EBIA23EN EBIA22EN EBIA21EN E

15:0 EBIA15EN EBIA14EN EBIA13EN EBIA12EN EBIA11EN EBIA10EN EBIA9EN EBIA8EN EBIA7EN EBIA6EN EBIA5EN E

CFGEBIC
31:16 —

EBI
RDYINV3

EBI
RDYINV2

EBI
RDYINV1

—
EBI

RDYEN3
EBI

RDYEN2
EBI

RDYEN1
— — —

15:0 — — EBIWEEN EBIOEEN — — EBIBSEN1 EBIBSEN0 EBICSEN3 EBICSEN2 EBICSEN1 E

Legend: — = unimplemented, read as ‘0’.
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Register 47-1: EBICSx: External Bus Interface Chip Select Register (x = 0-3)  

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

CSADDR<15:8>

23:16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

CSADDR<7:0>

15:8
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

7:0
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-16 CSADDR<15:0>: Base Address for Device bits

Address in physical memory, which will select the external device.

bit 15-0 Unimplemented: Read as ‘0’
DS60001245A-page 47-6 Preliminary © 2013 Microchip Technology Inc.
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Register 47-2: EBIMSKx: External Bus Interface Address Mask Register (x = 0-3)  

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

23:16
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

15:8
U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0

— — — — — REGSEL<2:0>

7:0
R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

MEMTYPE<2:0> MEMSIZE<4:0>

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-11 Unimplemented: Read as ‘0’

bit 10-8 REGSEL<2:0>: Timing Register Set for Chip Select ‘x’ bits

111 = Reserved
•
•
•

011 = Reserved
010 = Use EBITMGR2
001 = Use EBITMGR1
000 = Use EBITMGR0

bit 7-5 MEMTYPE<2:0>: Select Memory Type for Chip Select ‘x’ bits

111 = Reserved
•
•
•

011 = Reserved
010 = NOR-Flash
001 = SRAM
000 = Reserved

bit 4-0 MEMSIZE<4:0>: Select Memory Size for Chip Select ‘x’ bits

11111 = Reserved
•
•
•

01010 = Reserved
01001 = 16 MB
01000 = 8 MB
00111 = 4 MB
00110 = 2 MB
00101 = 1 MB
00100 = 512 KB
00011 = 256 KB
00010 = 128 KB
00001 = 64 KB (smaller memories alias within this range)
00000 = Chip Select is not used
© 2013 Microchip Technology Inc. Preliminary DS60001245A-page 47-7
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Register 47-3: EBISMTx: External Bus Interface Static Memory Timing Register (x = 0-2)  

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24
U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0

— — — — — RDYMODE PAGESIZE<1:0>

23:16
R/W-0 R/W-0 R/W-1 R/W-0 R/W-0 R/W-1 R/W-0 R/W-0

PAGEMODE TPRC<3:0> TBTA<2:0>

15:8
R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0 R/W-0 R/W-1

TWP<5:0> TWR<1:0>

7:0
R/W-0 R/W-1 R/W-0 R/W-0 R/W-1 R/W-1 R/W-0 R/W-0

TAS<1:0> TRC<5:0>

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-27 Unimplemented: Read as ‘0’

bit 26 RDYMODE: Data Ready Device Select bit

The device associated with register set ‘x’ is a data-ready device, and will use the READY pin.

1 = Ready input is used
0 = Ready input is not used

bit 25-24 PAGESIZE<1:0>: Page Size for Page Mode Device bits

11 = 32-word page
10 = 16-word page
01 = 8-word page
00 = 4-word page

bit 23 PAGEMODE: Memory Device Page Mode Support bit

1 = Device supports Page mode
0 = Device does not support Page mode

bit 22-19 TPRC<3:0>: Page Mode Read Cycle Time bits

Read cycle time is TPRC + 1 clock cycle.

bit 18-16 TBTA<2:0>: Data Bus Turnaround Time bits

Clock cycles (0-7) for static memory between read-to-write, write-to-read, and read-to-read when Chip 
Select changes.

bit 15-10 TWP<5:0>: Write Pulse Width bits

Write pulse width is TWP + 1 clock cycle.

bit 9-8 TWR<1:0>: Write Address/Data Hold Time bits

Number of clock cycles to hold address or data on the bus.

bit 7-6 TAS<1:0>: Write Address Setup Time bits

Clock cycles for address setup time. A value of ‘0’ is only valid in the case of SSRAM.

bit 5-0 TRC<5:0>: Read Cycle Time bits

Read cycle time is TRC + 1 clock cycle.
DS60001245A-page 47-8 Preliminary © 2013 Microchip Technology Inc.
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Register 47-4: EBIFTRPD: External Bus Interface Flash Timing Register  

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

23:16
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

15:8
U-0 U-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0

— — — — TRPD<11:8>

7:0
R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x R/W-x

TRPD<7:0>(1)

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-12 Unimplemented: Read as ‘0’

bit 11-0 TRPD<11:0>: Flash Timing bits(1)

These bits define the number of clock cycles to wait after resetting the external Flash memory before starting
any read/write accesses.

Note 1: Please refer to the specific device data sheet for the actual reset values for these bits.
© 2013 Microchip Technology Inc. Preliminary DS60001245A-page 47-9
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Register 47-5: EBISMCON: External Bus Interface Static Memory Control Register 

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

23:16
U-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

— — — — — — — —

15:8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-1 R/W-0

SMDWIDTH2<2:0> SMDWIDTH1<2:0> SMDWIDTH0<2:1>

7:0
R/W-0 U-0 U-0 U-0 U-0 U-0 U-0 R/W-1

SMDWIDTH0<0> — — — — — — SMRP

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31-16 Unimplemented: Read as ‘0’

bit 15-13 SMDWIDTH2<2:0>: Static Memory Width for Register Set 2 bits

111 = Reserved
110 = Reserved
101 = Reserved
100 = 8 bits
011 = Reserved
010 = Reserved
001 = Reserved
000 = 16 bits

bit 12-10 SMDWIDTH1<2:0>: Static Memory Width for Register Set 1 bits

111 = Reserved
110 = Reserved
101 = Reserved
100 = 8 bits
011 = Reserved
010 = Reserved
001 = Reserved
000 = 16 bits

bit 9-7 SMDWIDTH0<2:0>: Static Memory Width for Register Set 0 bits

111 = Reserved
110 = Reserved
101 = Reserved
100 = 8 bits
011 = Reserved
010 = Reserved
001 = Reserved
000 = 16 bits

bit 6-1 Unimplemented: Read as ‘0’

bit 0 SMRP: Flash Reset/Power-down mode Select bit

After a Reset, the controller internally performs a power-down for Flash, and then sets this bit to ‘1’.

1 = Flash is taken out of Power-down mode
0 = Flash is forced into Power-down mode
DS60001245A-page 47-10 Preliminary © 2013 Microchip Technology Inc.
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Register 47-6: CFGEBIA: External Bus Interface Address Pin Configuration Register  

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24
R/W-0 U-0 U-0 U-0 U-0 U-0 U-0 U-0

EBIPINEN — — — — — — —

23:16
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

EBIA23EN EBIA22EN EBIA21EN EBIA20EN EBIA19EN EBIA18EN EBIA17EN EBIA16EN

15:8
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

EBIA15EN EBIA14EN EBIA13EN EBIA12EN EBIA11EN EBIA10EN EBIA9EN EBIA8EN

7:0
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

EBIA7EN EBIA6EN EBIA5EN EBIA4EN EBIA3EN EBIA2EN EBIA1EN EBIA0EN

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31 EBIPINEN: EBI Pin Enable bit

1 = EBI controls access of pins shared with PMP
0 = Pins shared with EBI are available for general use

bit 30-24 Unimplemented: Read as ‘0’

bit 23-0 EBIA23EN:EBIA0EN: EBI Address Pin Enable bits

1 = The EBIAx pin is enabled for use by EBI
0 = The EBIAx pin has is available for general use

Note: When EBIMD = 1, the bits in this register are ignored and the pins are available for general use.
© 2013 Microchip Technology Inc. Preliminary DS60001245A-page 47-11
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Register 47-7: CFGEBIC: External Bus Interface Control Pin Configuration Register  

Bit 
Range

Bit
31/23/15/7

Bit
30/22/14/6

Bit
29/21/13/5

Bit
28/20/12/4

Bit
27/19/11/3

Bit
26/18/10/2

Bit
25/17/9/1

Bit
24/16/8/0

31:24

U-0 R/W-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0

— EBI
RDYINV3

EBI
RDYINV2

EBI
RDYINV1

— EBI
RDYEN3

EBI
RDYEN2

EBI
RDYEN1

23:16
U-0 U-0 U-0 U-0 U-0 U-0 R/W-0 R/W-0

— — — — — — EBIRDYLVL EBIRPEN

15:8
U-0 U-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0

— — EBIWEEN EBIOEEN — — EBIBSEN1 EBIBSEN0

7:0
R/W-0 R/W-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0

EBICSEN3 EBICSEN2 EBICSEN1 EBICSEN0 — — EBIDEN1 EBIDEN0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 31 Unimplemented: Read as ‘0’

bit 30 EBIRDYINV3: EBIRDY3 Inversion Control bit

1 = Invert EBIRDY3 pin before use
0 = Do not invert EBIRDY3 pin before use

bit 29 EBIRDYINV2: EBIRDY2 Inversion Control bit

1 = Invert EBIRDY2 pin before use
0 = Do not invert EBIRDY2 pin before use

bit 28 EBIRDYINV1: EBIRDY1 Inversion Control bit

1 = Invert EBIRDY1 pin before use
0 = Do not invert EBIRDY1 pin before use

bit 27 Unimplemented: Read as ‘0’

bit 26 EBIRDYEN3: EBIRDY3 Pin Enable bit

1 = EBIRDY3 pin is enabled for use by the EBI module
0 = EBIRDY3 pin is available for general use

bit 25 EBIRDYEN2: EBIRDY2 Pin Enable bit

1 = EBIRDY2 pin is enabled for use by the EBI module
0 = EBIRDY2 pin is available for general use

bit 24 EBIRDYEN1: EBIRDY1 Pin Enable bit

1 = EBIRDY1 pin is enabled for use by the EBI module
0 = EBIRDY1 pin is available for general use

bit 23-18 Unimplemented: Read as ‘0’

bit 17 EBIRDYLVL: EBIRDYx Pin Sensitivity Control bit

1 = Use level detect for EBIRDYx pins
0 = Use edge detect for EBIRDYx pins

bit 16 EBIRPEN: EBIRP Pin Sensitivity Control bit

1 = EBIRP pin is enabled for use by the EBI module
0 = EBIRP pin is available for general use

bit 15-14 Unimplemented: Read as ‘0’

bit 13 EBIWEEN: EBIWE Pin Enable bit

1 = EBIWE pin is enabled for use by the EBI module
0 = EBIWE pin is available for general use

Note: When EBIMD = 1, the bits in this register are ignored and the pins are available for general use.
DS60001245A-page 47-12 Preliminary © 2013 Microchip Technology Inc.
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bit 12 EBIOEEN: EBIOE Pin Enable bit

1 = EBIOE pin is enabled for use by the EBI module
0 = EBIOE pin is available for general use

bit 11-10 Unimplemented: Read as ‘0’

bit 9 EBIBSEN1: EBIBS1 Pin Enable bit

1 = EBIBS1 pin is enabled for use by the EBI module
0 = EBIBS1 pin is available for general use

bit 8 EBIBSEN0: EBIBS0 Pin Enable bit

1 = EBIBS0 pin is enabled for use by the EBI module
0 = EBIBS0 pin is available for general use

bit 7 EBICSEN3: EBICS3 Pin Enable bit

1 = EBICS3 pin is enabled for use by the EBI module
0 = EBICS3 pin is available for general use

bit 6 EBICSEN2: EBICS2 Pin Enable bit

1 = EBICS2 pin is enabled for use by the EBI module
0 = EBICS2 pin is available for general use

bit 5 EBICSEN1: EBICS1 Pin Enable bit

1 = EBICS1 pin is enabled for use by the EBI module
0 = EBICS1 pin is available for general use

bit 4 EBICSEN0: EBICS0 Pin Enable bit

1 = EBICS0 pin is enabled for use by the EBI module
0 = EBICS0 pin is available for general use

bit 3-2 Unimplemented: Read as ‘0’

bit 1 EBIDEN1: EBI Data Upper Byte Pin Enable bit

1 = EBID<15:8> pins are enabled for use by the EBI module
0 = EBID<15:8> pins have reverted to general use

bit 0 EBIDEN0: EBI Data Upper Byte Pin Enable bit

1 = EBID<7:0> pins are enabled for use by the EBI module
0 = EBID<7:0> pins have reverted to general use

Register 47-7: CFGEBIC: External Bus Interface Control Pin Configuration Register (Continued) 

Note: When EBIMD = 1, the bits in this register are ignored and the pins are available for general use.
© 2013 Microchip Technology Inc. Preliminary DS60001245A-page 47-13
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47.3  INTERFACING TO VARIOUS DEVICES

To provide support for a wide range of external devices, the EBI module can be configured to
understand such things as the type, size, and bus width of each attached device. Since this
configuration is determined on a Chip Select basis, when mixing devices on the EBI, similar
devices should be on the same Chip Select line.

47.3.1 Interfacing to NOR Flash Memory

Figure 47-3 shows an example of connecting the EBI bus to an asynchronous NOR Flash device.

Figure 47-3: Interface to an Asynchronous Flash Device

Note that the Write Protect (WP) pin on the Flash device is connected to a General Purpose I/O
pin (RB6). This pin would not be under EBI control, hence it would be up to the user application
to enable Flash writes prior to using the EBI to write the data, and disabling Flash writes when
all writes are complete.

47.3.2 Interfacing to SRAM Memory

Figure 47-2 shows an example connecting the EBI bus to an Asynchronous SRAM memory
device.

Figure 47-4: Interface to an Asynchronous SRAM Device
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In the case of 8-bit memory devices, the Byte-Select (EBIBS) lines are not necessary and only
EBID<7:0> would be connected. Two 8-bit memory devices can share the address and control
lines, and only have separate data lines.

47.3.3 Interfacing to Non-Memory Devices

When non-memory devices are connected to the EBI bus, these devices provide a Ready line to
indicate when valid data is on the data bus. This Ready line is connected to the EBIRDYx pin to
connect to the EBI bus.

Figure 47-5 shows an example of connecting a non-Memory camera device to the EBI bus.

Figure 47-5: Interface to a Non-memory Device

In this case, when the Chip Select line is asserted, the EBI bus would wait to read the data lines
until the camera asserts the EBIRDY1 line. 

47.3.4 Combining Devices on the EBI Bus

Figure 47-6 shows an example of sharing some elements of the EBI bus to achieve certain
design purposes.

Figure 47-6: Sharing a Connection Between SRAM and a LCD

In this case, the SRAM serves as a memory buffer for the LCD. As the EBI goes through the data
in the buffer, it is clocked into the LCD, permitting it to display the contents in memory.
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47.4  BUS CONFIGURATION

47.4.1 Configuring Address Lines

The CFGEBIA register controls the number of EBIA lines in use and whether, overall, the EBI
controls the address, data, and control lines, or if the lines are available for general use.

Each address line has an enable control in CFGEBIA. By setting the corresponding bit, the EBI
controls that address line. Address bits in use should be contiguous.

The EBIPINEN bit (CFGEBIA<31>) determines control of the overall EBI lines. Setting the bit
allows the EBI to control the corresponding pins. Clearing the bit allows the lines to be used for
other purposes.

47.4.2 Configuring Control and Data Lines

The CFGEBIC register determines the settings for the EBICSx, EBIRDYx, EBIBSx, EBIWE,
EBIOE, EBIRP, and EBIDx lines.

The EBICSEN0, EBICSEN1, EBICSEN2, and EBICSEN3 bits in the CFGEBIC register
determine which EBICS lines are enabled. Setting a bit enables the corresponding EBICSx pin
for EBI use. Clearing a bit disables the pin and allows it for general purpose use.

Three bits control the EBIRDYx lines, EBIRDYEN1, EBIRDYEN2, and EBIRDYEN3. When a of
bit is set, the corresponding EBIRDYx pin is enabled for use by the EBI module. Clearing a bit
allows the EBIRDYx pin to be used for general use.

The EBIRDYINV1, EBIRDYINV2, and EBIRDYINV3 bits control the inversion of the EBIRDYx
line prior to using it. When a bit is set, the EBIRDYx level will be inverted. When cleared, the
signal is not inverted.

The final bit, EBIRDYLVL, determines whether the EBI module uses a level detect or an edge
detect to determine when the EBIRDYx line is being asserted. Devices that have mixed assertion
logic can thus be combined on the EBI bus by having separate EBIRDYx lines.

The EBIBSEN0, EBIBSEN1, EBIWEEN, EBIOEEN, and EBIRPEN bits control whether the
EBIBSx, EBIWE, EBIOE, and EBIRP pins are enabled for use by the EBI module. The pins are
enabled when the corresponding control bit is set, or available for general use when the bit is
cleared.

The EBIDEN0 and EBIDEN1 bits control which 8-bit portion of the EBIDx bus is enabled. Setting
EBIDEN1 enables EBID<15:8> for use by the EBI bus, and setting EBIDEN0 enables the
EBID<7:0> lines. Clearing the bits disables the corresponding side of the bus and allows the pins
to be used for general use. Note that only enabling EBID<15:8> does not guarantee that the bus
will only use 8-bit transfers. If the design requires only 8-bit data transfers, use EBID<7:0>.
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47.5  DEVICE CONFIGURATION

The basic configuration for each device or group of devices that will be using a particular Chip
Select line includes:

• Configuring the base address of the device

• The type of device

• The size of the device

• The bus timing for the device

47.5.1 Base Address

Configuring the base address of a memory device is done through the EBICSx register. This
register sets the beginning address in the PIC32 physical memory space where the device will
appear. It is a 16-bit value, which allows the minimum device size (64 KB) to have contiguous
locations in memory. In addition, it is not required to have larger memory devices appear lower
in memory than smaller devices. For example, it is possible to have a 64 KB device at the start
of EBI memory (0x20000000), adjacent to a 16 MB device, which would start at 0x20010000.

Example code for configuring the EBICSx registers to handle four memory devices is provided
in Example 47-1. This example maps a 1 MB device, followed by a 64 KB device, followed by
another 1 MB device, and finally a 16 MB device.

Example 47-1:

47.5.2 Device Type

The EBI bus needs to know what type of device is attached to a particular chip select line. This
is done through the MEMTYPE field in the EBIMSKx register of each Chip Select. There are two
options available, NOR Flash (MEMTYPE = 0b010) and SRAM (MEMTYPE = 0b001).
Non-memory devices would not require this to be set.

Example code for configuring the memory types for the devices previously listed in Example 47-1
is shown in Example 47-2.

Example 47-2:

47.5.3 Device Size

In addition to the type of memory device, the EBI bus needs to know the size of the attached
device. The device size is configured by the MEMSIZE<4:0> (EBIMSKx<4:0>) bits.

The smallest memory size that can be accommodated by the EBI in a contiguous manner is
64 KB. Smaller devices would alias to that size, which results in gaps in the memory map.

Example code for configuring the device size for the devices listed in Example 47-2 is shown in
Example 47-3.

/* Device 1: 1 MB Flash going from 0x20000000 to 0x200FFFFF */
EBICS0 = 0x20000000;
/* Device 2: 64 KB SRAM going from 0x20100000 to 0x2010FFFF */
EBICS1 = 0x20100000;
/* Device 3: 1 MB Flash going from 0x20110000 to 0x2020FFFF */
EBICS2 = 0x20110000;
/* Device 4: 16 MB SRAM going from 0x20210000 to 0x2120FFFF */
EBICS3 = 0x20210000;

EBIMSK0bits.MEMTYPE = 0b010; /* Device 1: NOR Flash */
EBIMSK1bits.MEMTYPE = 0b001; /* Device 2: SRAM */
EBIMSK2bits.MEMTYPE = 0b010; /* Device 3: NOR Flash */
EBIMSK3bits.MEMTYPE = 0b001; /* Device 4: SRAM */
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Example 47-3:

47.5.4 Bus Timing

The EBI bus can handle a variety of memory timing requirements. There are three registers that
configure the timing parameters, EBISMT0, EBISMT1, and EBISMT2. Identical memory devices
should use the same EBISMTx register for timing purposes.

The REGSEL<2:0> bits (EBIMSKx<10:8>) are used to set which EBISMTx register will be used
for each Chip Select line. Example code for setting up the bus timing is shown in Example 47-4.

Example 47-4:

EBIMSK0bits.MEMSIZE = 0b00101; /* Device 1: 1 MB */
EBIMSK1bits.MEMSIZE = 0b00001; /* Device 2: 64 KB */
EBIMSK2bits.MEMSIZE = 0b00101; /* Device 3: 1 MB */
EBIMSK3bits.MEMSIZE = 0b01001; /* Device 4: 16 MB */

EBIMSK0bits.REGSEL = 0b000; /* Device 1: EBISMT0 */
EBIMSK1bits.REGSEL = 0b001; /* Device 2: EBISMT1 */
EBIMSK2bits.REGSEL = 0b000; /* Device 3: EBISMT0 */
EBIMSK3bits.REGSEL = 0b010; /* Device 4: EBISMT2 */
DS60001245A-page 47-18 Preliminary © 2013 Microchip Technology Inc.
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47.5.5 Configuring Bus Timing

Since devices have different timing considerations, it is necessary to configure the EBI bus to
automatically handle those timing differences. By configuring the EBISMTx register, the bus will
adjust read and write timings as needed.

If a device has a Ready pin, the RDYMODE bit (EBISMTx<26>) is set.

For devices with Page mode, the PAGEMODE bit (EBISMTx<23>) enables support for the
device in the EBI module. Then, the PAGESIZE<1:0> bits (EBISMTx<25:24>) configure the
Page Size so that the EBI knows how many words to write for each page.

The remaining bits in the EBISMTx register control how the EBI bus timing works. Refer to the
diagrams in 47.6 “Timing Diagrams” to see visual representations of the bus cycles, and where
the timing parameters are needed. Table 47-4 lists the individual timing parameters, and what
they affect.

Table 47-4: Timing Parameters

Parameter
EBISMTx 

Register Bit 
Name

Description Effect

tPRC TPRC<3:0> Page mode read cycle time. Read cycle time is TPRC+1 
clock cycles.

tBTA TBTA<2:0> Bus turnaround time. Clock cycles (0-7) for 
read-to-write, write-to-read, and 
read-to-read (different CS) tran-
sitions.

tWP TWP<5:0> Write Pulse Width. Write pulse width is TWP+1 
clock cycles.

tWR TWR<1:0> Write address/data hold time. Number of clock cycles to hold 
address or data on the bus.

tAS TAS<1:0> Write address setup time. Clock cycles for address setup 
time. A value of ‘0’ is only valid 
in case of SRAM.

tRC TRC<5:0> Read cycle time (non-Page 
mode memory).

Read cycle time is TRC + 1 
clock cycles.

tRPD TRPD<11:0> Flash memory reset time. Clock cycles after Flash reset 
before a read/write access.

Note: Clock cycles refers to system clock cycles, and is dependent on the speed of the
SYSCLK when the system is running.
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47.5.6 Reading and Writing to the EBI Module

Example 47-5 shows code that uses both reads and writes to SRAM attached to the EBI module.
This example assumes a 200 MHz System Clock and that the TLB and MMU are set up correctly.

Example 47-5:

// Global Defines
#define SRAM_ADDR_CS0 0xC0000000
#define RAM_SIZE 2*1024*1024

int main(void)
{
    uint32_t loop;
    uint32_t *addr;
    uint32_t val;

    // Note: ISSI SRAM (IS64WV102416BLL). All of the parameters of the EBI
// module are set up based on the timing of this RAM.

    // Enable address lines [0:17]
    //Controls access of pins shared with PMP
    CFGEBIA = 0x800FFFFF;
    
    //Enable write enable pin
    //Enable output enable pin
    //Enable byte select pin 0
    //Enable byte select pin 1
    //Enable Chip Select 0
    //Enable data pins [0:15] 
    CFGEBIC = 0x00003313;

    //Connect CS0 to physical address
    EBICS0 = 0x20000000;      

    // Memory size is set as 2 MB
    // Memory type is set as SRAM
    // Uses timing numbers in EBISMT0
    EBIMSK0 = 0x00000026;

    //Configure EBISMT0
    // ISSI device has read cycles time of 10 ns
    // ISSI device has address setup time of 0ns
    // ISSI device has address/data hold time of 2.5 ns
    // ISSI device has Write Cycle Time of 10 ns
    // Bus turnaround time is 0 ns 
    // No page mode
    // No page size
    // No RDY pin
    EBISMT0 = 0x000029CA;

    //Keep default data width to 16-bits
    EBISMCON = 0x00000000;

    addr = (uint32_t *)SRAM_ADDR_CS0;
    //Write loop
    
    for (loop=0; loop < RAM_SIZE/4; loop++)
    {
            *addr++ = 0xAA55AA55;
    }

    //Read and verify loop
    addr = (uint32_t *)SRAM_ADDR_CS0; // reset address to beginning 
    
    for (loop=0 ; loop < RAM_SIZE/4; loop++)
    {
        val = *addr++;
        if (val != 0xAA55AA55)
        {
                        return (0); //Exit Failure 
        }
    }
    
    return (1); // exit success
} 
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47.6  TIMING DIAGRAMS

47.6.1 Read/Write Access

Figure 47-7 shows the timing diagram of a read access. The EBI module checks the EBIRDYx
pin after the tRC read access time. You need to ensure that the EBIRDYx signal is being driven
with respect to the System Clock (SYSCLK). This avoids a possible race condition if EBIRDYx
is driven by a different clock. When EBIRDYx is high, the EBI module latches the read data at
the next rising clock edge.

Figure 47-7: Read Access of the Device with Ready Signal

Figure 47-8 shows the timing diagram of a write access. The EBI module checks the EBIRDYx
pin after a time equal to tAS(address setup time) + tWP(write period). When EBIRDYx is high,
the write is finished. You need to ensure that the EBIRDYx signal is being driven with respect to
the SYSCLK. This avoids a possible race condition if EBIRDYx is driven by a different clock.

Figure 47-8: Write Access of the Device with Ready Signal
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47.6.2 Static Memory

The static memory timing diagrams assume an internal delay of two System Bus clock cycles,
which is the delay for a cycle to be active on the bus to the clock cycle where the corresponding
memory command is seen on the memory bus.

Figure 47-9 shows the timing for a SRAM and Flash read operation, where tRC is the read cycle
time.

Figure 47-9: SRAM and Flash Memory Read Timing

Figure 47-10 shows the Flash page read operation, where tRC is the read cycle time and tPRC
is the page mode read cycle time.

Figure 47-10: Flash Memory Page Read Timing
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Figure 47-11 shows the SRAM and Flash timing for a write operation, where tAS is the address
setup time, tWP is the write pulse period, and tWR is the write recovery time.

Figure 47-11: SRAM and Flash Write Timing

Figure 47-12 shows an example of inserting one idle clock for memory data bus turnaround time,
where tBTA is the number of idle clock cycles.

Figure 47-12: External Memory Data Bus Turnaround Timing
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47.7  EFFECTS OF RESET

47.7.1 On Reset

All EBI module registers are forced to their reset states on a device Reset. In addition, the
CFGEBIA and CFGEBIC registers are forced to their Reset states.

47.7.2 After Reset

The EBI module is not active, and must be initialized prior to accessing memory in the EBI
address space. In addition, the Translation Lookaside Buffer (TLB) of the CPU must be set up
prior to accessing any external device.

47.8  OPERATION IN POWER-SAVING MODES

47.8.1 Sleep Mode

When the device enters Sleep mode, the EBI module is disabled and placed into a low-power
state where no clocking occurs in the module.

47.8.2 Idle Mode

When the device enters Idle mode, the EBI module continues to operate, and can execute
transfers between internal and external memory.

47.8.3 Debug Mode

The behavior of the EBI module is unaltered in Debug mode.
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47.9  RELATED APPLICATION NOTES

This section lists application notes that are related to this section of the manual. These
application notes may not be written specifically for the PIC32 device family, but the concepts are
pertinent and could be used with modification and possible limitations. The current application
notes related to the External Bus Interface (EBI) are:

Title Application Note #

No related application notes at this time. N/A

Note: Please visit the Microchip web site (www.microchip.com) for additional application
notes and code examples for the PIC32 family of devices.
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47.10  REVISION HISTORY

Revision A (November 2013)

This is the initial released version of this document.
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