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1 Abstract

This document provides a detailed overview of the i.MX
applications processor’s External Interface Module
(EIM), specifically analyzing the asynchronous timing
parameter bit settings of the EIM chip-select control
register. This analysis provides the user a better
understanding of how these bits are used and how they
affect the timing parameters of several of the EIM’s
control signals, to better enable the system design in
interfacing the 1.MX processor’s EIM to external
memories and peripherals. An overview of the EIM and
its chip-select control registers is provided, followed by
several example waveforms to illustrate how changing
these bit settings affects the asynchronous timing
parameters of the external control signals. The aim of
this document is to supplement the EIM information

provided in the 1.MX reference manuals and data sheets.

This document applies to the following i.MX devices,
collectively called i.MX throughout:

« MC9328MX1
« MC9328MXL
 MC9328MXS
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2 Overview of the i.MX EIM

The i.MX is an application processor targeted for low power, portable applications. Part of the rich feature
set of the 1.MX includes the on-chip External Interface Module (EIM). The EIM may be used to interfacing
the 1.MX to external memory such as SRAM and NOR Flash (asynchronous, synchronous/burst, and page
mode styles), as well as interfacing to external peripheral devices such as the ST16C2552 Dual UART
chip. The i.MX EIM includes these distinctive features:

*  Six chip selects for external devices: CS[0], covering a range of 32 Mbyte, and
CS[1]-CS[5], covering a range of 16 Mbyte each

» Selectable protection for each chip select

«  Reset programmable data port size for CS[0]

* Programmable data port size for each chip select

* Address suppression during burst mode operations

» Synchronous burst mode support for burst flash devices
* Programmable wait-state generator for each chip select

* Supports big endian and little endian modes of operation

2.1 EIM Interface Signals

The EIM interface signals provide communication and control pathways between external devices and the
1.MX processor.

The Table 1 summarizes each of these signals and their use. This document covers the following adjustable
control signals: CS[5:0], EB[3:0], OE, and R/W, where the signals BCLK, LBA, and ECB are specific to
the burst and page style interfaces and will not be covered here. However, both BCLK and LBA are shown
in the example waveforms for illustrative purposes. For more information on these signals please refer to
the EIM section of the i.MX reference manual.

Table 1. EIM Interface Signals

".MX EIM Function Direction
Pin Name
D[31:0] |External 32-bit data bus. Input/Output
A[24:0] | External address bus. Output
CS[5:0] |Active low external chip selects. Output
DTACK | External input data acknowledge signal for CS[5]. Input
EB[3:0] |Active low external enable bytes signals. EB[0] controls D[31:24], EB[1] controls D[23:16], EB[2] Output
controls D[15:8], and EBJ[3] controls D[7:0].
OE Active low output enable for external data bus. Output
RW Indicates whether external access is a read (high) or write (low) cycle. The assertion timing of this Output
signal for write accesses is not configurable. Though it can be connected to the write enable of
memories and other devices, for those devices that require any timing delay of the write enable
assertion/de-assertion times, the user may use one the of EB[3:0] signals as their timing may be
affected by the WEA and WEN bit settings (see Section 2.2, “i.MX EIM Register Overview.” )
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Table 1. EIM Interface Signals (continued)

I.MX EIM Function Direction
Pin Name
BCLK | Clock for external synchronous memories (such as burst flash). May be programmed to run Output
continuously as a reference clock.
LBA Active low signal sent to flash device causing the external device to latch the address. Output
ECB Input signal identifies when to end an external burst access (as in the case for burst flash). Input

In this document, some signals may be denoted differently in text then in the example waveforms. For
example, the EIM read/write signal, R/W, is denoted as R/W in the text, but in the waveform examples, it
may be denoted simply as RW. In other instances, the EIM enable byte signals, EB[3:0], may simply be
referred to as EB, or in the case of the example waveforms, the enable byte is denoted as EB3 for
simplicity.

2.2 i.MX EIM Register Overview

The EIM module includes thirteen user-accessible 32-bit registers. There is a common register called the
EIM Configuration Register that contains control bits that configure the EIM for certain operation modes.
The other twelve registers are pairs of control registers for each chip select. The layout of the control
register is slightly different for the CS[0] register output because CS[0] does not support the programmable
output function Pin Assert (PA), bit 1. Also, the DSIZ the bits of CS[0] register are configurable upon reset,
since CS[0] is a bootable chip select. The settings of these DSIZ bits are determined by the setting of the
BOOT][3:0] signals on reset. Refer to the i.MX reference manual for more details. These registers are
accessible only in supervisor mode with word (32-bit) reads and writes.

The 64 bits of control are divided into two registers, Chip Select Upper Control Register and Chip Select
Lower Control Register.

» Bits [63:32] are located in Chip Select Upper Control Register.
» Bits [31:0] are located in Chip Select Lower Control Register.

Though the reference manual provides these chip select control register bit definitions, this document
attempts to provide more detail to these bit settings along with references to the external waveforms given
later in the document. This document concentrates solely on the asynchronous bit timings, specifically the
following bit settings: CNC (bits 47 and 46), WSC (bits 45 through 40), WWS (bits 38 through 36), EDC
(bits 35 through 32), OEA (bits 31 through 28), OEN (bits 27 through 24), WEA (bits 23 through 20),
WEN (bits 19 through 16), and CSA (bits 15 through 12). The bit settings not covered in detail in this
document are related to the synchronous and page mode timings, specifically the following bits: BCD,
BCS, PSZ, PME, SYNC, and DOL, although a description of these bits is provided in Table 1.
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CSou Chip Select 0 Upper Control Register 0x00220000
CS1U Chip Select 1 Upper Control Register 0x00220008
cSau Chip Select 2 Upper Control Register 0x00220010
CS3uU Chip Select 3 Upper Control Register 0x00220018
CS4U Chip Select 4 Upper Control Register 0x00220020
CS5U Chip Select 5 Upper Control Register 0x00220028
BIT 63 62 61 60 59 58 57 56 55 54 53 52 51 50 49 48
DTACK_SEL' | BCD BCS PSZ ‘ PME | SYNC ‘ DOL
TYPE rw r rw w rw rw w w rw rw rw rw w rw rw rw
cSoU 0 0 0 0 0 0 0 0 0 0 0 0 0o o0 o0 0
CS1-5U 0 0 0 0 0 0 0 0 0 0 0 0 0o o0 0 0
0x0000 (CS0U)
RESET 0X0000 (CS1-5U)
BIT 47 46 45 44 43 42 41 40 39 38 37 36 35 34 33 32
CNC WSC ‘ ‘ WWS EDC
TYPE rw rw rw rw rw rw rw rw r rw rw rw rw rw rw rw
CSoU 0 0 1 1 1 1 1 0 0 0 0 0 0o o0 0 0
CS1-5U 0 0 0 0 0 0 0 0 0 0 0 0 0o o0 o0 0
0X3E00 (CS0U)
RESET 0x0000 (CS1-5U)
1_Bit 63 of CS5U register is defined as DTACK_SEL. Bit 63 is reserved for CS0U, CS1U, CS2U, CS3U, CS4U.
CSoL Chip Select 0 Lower Control Register 0x00220004
CS1L Chip Select 1 Lower Control Register 0x0022000C
CSaL Chip Select 2 Lower Control Register 0x00220014
CS3L Chip Select 3 Lower Control Register 0x0022001C
CS4L Chip Select 4 Lower Control Register 0x00220024
CS5L Chip Select 5 Lower Control Register 0x0022002C
BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
OEA OEN WEA WEN
TYPE rw w w rw w w rw rw w w w rw w rw rw w
cSoL 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
csi-sL O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0x0000 (CSOL)
RESET 0x0000 (CS1-5L)
BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CSA | EBC | DSZ ‘ ‘ SP ‘ ‘ WP ‘ ‘ PA2 ‘ CSEN ‘
TYPE rw w w rw w w rw rw r w r rw r r rw w
CSoL 0 0 0 0 1 . 0 0 0 0 0 0 0 1
csisL. O 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0
0x0*01" (CSOL)
RESET 0x0802 (CS1-5L)
'—The DSIZ bits are configurable upon reset, dependent upon the BOOT[3:0] signal settings.
2__pA for CS[1] to CS[5] only, and “rw”. Reserved for CS[0] (read only).
EIM Asynchronous Timing Parameters Application Note, Rev. 1
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Table 2. Chip Select Control Registers Description

Name Description Settings
Reserved/ | Reserved—This bit is reserved and should read 0 for CSO0-CS4. Reserved for CS0-CS4
DTACK_ |DTACK_SEL—This bit is used to select the functionality of the
SEL DTACK input signal for CS[5]. To select the DTACK functionality on | CS5:
Bit 63 CSJ5], the WSC bits for CS[5] must be set to 111111. 0 = Reserved
Note: Due to current chip errata, DTACK_SEL can only be setto 1 |1 = Compact Flash/PCMCIA wait function
for Compact Flash/PCMCIA functionality and requires the use
of an external D flip-flop or other mechanism to extend the OE
negation (assertion) time until the CS[5] cycle is completed.
Refer to the latest chip errata found at www.freescale.com/imx
Reserved | Reserved—This bit is reserved and should read O.
Bit 62
BCD Burst Clock Divisor—Contains the value used to program the burst | 00 = Divisor is 1
Bits 61—60 | clock divisor and is used for synchronous (burst) style interfaces. 01 = Divisor is 2
Refer to the i.MX reference manual for more information on the burst | 10 = Divisor is 3
clock divisors. When the BCM bit is set (BCM = 1) in the EIM 11 = Divisor is 4
configuration register, BCD is ignored.
BCD is cleared by a hardware reset.
BCS Burst Clock Start—Determines the number of half cycles after LBA | 0000 = 1 half cycle before BCLK
Bits 59-56 | assertion before the first rising edge of BCLK is seen. A value of 0 | 0001 = 2 half cycles before BCLK
results in a half clock delay, not an immediate assertion. This is used | ...
in conjunction with synchronous (burst) style interfaces. When the | 1111 = 16 half cycles before BCLK
BCM bit is set (BCM = 1) in the WEIM configuration register, this
overrides the BCS bits.
BCS is cleared by a hardware reset.
PSz Page Size—Indicates the number of words (where “word” is defined | 00 = 4 words in a page
Bits 55—-54 | by the port size or DSIZ bits) in a page in memory. This ensures that |01 = 8 words in a page
the WEIM does not burst pass a page boundary when the PME bitis | 10 = 16 words in a page
set. This is used in conjunction with page-mode style interfaces. 11 = 32 words in a page
PSZ is cleared by a hardware reset.
PME Page Mode Emulation—Enables/Disables page mode emulation in | 0 = Disables page mode emulation
Bit 53 burst mode. When PME is set, the external address asserts for each | 1 = Enables page mode emulation
piece of data requested. Additionally, the LBA and BCLK signals
behave as they do when an asynchronous access is performed. This
is used in conjunction with page-mode style interfaces.
PME is cleared by a hardware reset.
SYNC Synchronous Burst Mode Enable—Enables/Disables 0 = Disables synchronous burst mode
Bit 52 synchronous burst mode. When enabled, the EIM is capable of 1 = Enables synchronous burst mode

interfacing to burstable (synchronous) flash devices through
additional burst control signals: BCLK, LBA, and ECB. The
sequencing of these additional I/Os is controlled by other EIM
configuration register bit settings as defined below. This is used in
conjunction with synchronous (burst) style interfaces.

SYNC is cleared by a hardware reset.
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Table 2. Chip Select Control Registers Description (continued)

Name Description Settings
DOL Data Output Length—Specifies the expected number of system 0000 = 2 system clock delay
Bits 51—48 | clock (HCLK) cycles required for burst read data to be valid on the | 0001 = 2 system clock delay
data bus before it is latched by the EIM. The reset value specifies that | 0010 = 3 system clock delay
burst data is held for a minimum of two system clock periods. As 0011 = 4 system clock delay
system clock frequencies increase, it may become necessary to
delay sampling the data for multiple system clock periods in order to | 1111 = 16 system clock delay
meet burst flash max frequency specifications and/or EIM data setup
time requirements. DOL has no effect on EIM data latching when
SYNC = 0. This is used in conjunction with synchronous (burst) style
interfaces.
DOL is cleared by a hardware reset.
CNC Chip Select Negation Clock Cycles—Specifies the minimum 00 = Minimum de-assertion is 0 clock cycle
Bits 47—46 | number of system clock (HCLK) cycles a chip select must remain 01 = Minimum de-assertion is 1 clock cycle
de-asserted after it is de-asserted. The CNC will only affect the chip | 10 = Minimum de-assertion is 2 clock cycles
select de-assertion once the chip select has de-asserted, in other 11 = Minimum de-assertion is 3 clock cycles
words, for external back-to-back accesses where the chip select
does not de-assert (in instances where it stays asserted), CNC has
no affect. An example of how the CNC bit setting affects the chip
select de-assertion time can be seen in Figure 16, Figure 17, and
Figure 18.
CNC has no effect on write accesses when any CSA bit is set.
CNC is cleared by a hardware reset.
WSC Wait State Control— 000000 = 1 wait state delay (2 system clock
Bits 4540 For SYNC = 0: (HCLK) cycle transfers)

WSC programs the number of wait-states for an access to the

external device connected to the chip select. When the WWS (Write

Wait State) bit settings are cleared, setting:

WSC = 000000 results in 2 system clock (HCLK) transfers

WSC = 000001 results in 2 system clock (HCLK) transfers

WSC = 001110 results in 15 system clock (HCLK) transfers

WSC = 111110 results in 63 system clock (HCLK) transfers

WSC = 111111 is not available (reserved) for CS0, CS1, CS2, CS3

and CS4, but it is available (the external DTACK) for CS5.

As can also be seen from the external waveform diagrams in

Section 3, “EIM External Bus Asynchronous Waveform Examples,”

the WSC setting also dictates how many system clock (HCLK) cycles

an address is held on the external address bus. This is best seen on

those waveforms that depict back-to-back accesses, rather than for

single external accesses, where the address will normally be held on

the address bus after the transaction has completed when there is no

immediate external transaction that follows.

For SYNC = 1:

WSC programs the number of system clock cycles required for the

initial access of a burst sequence initiated by the EIM to an external

burst device. Refer to the i.MX reference manual for more details.

WSC is set to 111110 by a hardware reset for CS0.

WSC is cleared by a hardware reset for CS1-CS5.

Note: WSC bits should be configured to more than one wait states.
The i.MX does not support zero wait state (1 clock cycle)
accesses.

000001 = 1 wait state delay (2 system clock
(HCLK) cycle transfers)

000002 = 2 wait state delay (3 system clock
(HCLK) cycle transfers)

000003 = 3 wait state delay (4 system clock
(HCLK) cycle transfers)

111110 = 62 wait state delay (63 system
clock (HCLK) cycle transfers)

111111 = not available (reserved) for CSO0,
CS1, CS2, CS3 and CS4, but it is available
(the external DTACK) for CS5

Note: Depending on the WWS setting, more
wait states may be added for write
cycles. Refer to the WWS bit setting
definition for more details.

EIM Asynchronous Timing Parameters Application Note, Rev. 1

Freescale Semiconductor




Overview of the i.MX EIM

Table 2. Chip Select Control Registers Description (continued)

Name Description Settings
Reserved | Reserved—This bit is reserved and should read 0.
Bit 39
WWS Write Wait State—Determines whether additional wait-states are required for write cycles. This is useful for writing
Bits 38—36 | to memories that require additional data setup time. This setting basically adds wait states to what is programmed
in the WSC setting for write access. An example of how the WWS bit setting affects write cycle timing can be seen

in Figure 26, Figure 27, and Figure 28.

WWS is cleared by a hardware reset.

EDC Extra Dead Cycles—Determines whether idle cycles (HCLK cycles) | 0000 = 0 Idle (HCLK) Cycles Inserted

Bits 35—32 | are inserted after a read cycle for back-to-back external transfers to | between the end of a read from one chip
eliminate data bus contention. This is useful for slow memory and | select to the start of an access on another
peripherals that use long CS or OE to output data three-state times. | chip select

Idle cycles are not inserted for back-to-back external reads from the

same chip select. In other words, idle cycles are only inserted for 0001 =1 Idle (HCLK) Cycle Inserted

back-to-back transactions from separate chip selects. An example of | between the end of a read from one chip

how the EDC bit setting affects the idle cycle timing between chip select to the start of an access on another
select accesses can be seen in Figure 22, Figure 23, Figure 24, and | chip select

Figure 25.

EDC is cleared by a hardware reset. 1111 = 15 Idle (HCLK) Cycles Inserted
between the end of a read from one chip
select to the start of an access on another
chip select

OEA OE Assert—Determines when OE is asserted during read cycles. | 0000 = OE is asserted 0 half clocks (HCLK
Bits 31—28 | For SYNC = 0: cycles) after the assertion of chip select (or

OEA determines the number of half clocks (half HCLK cycles) before
OE asserts during a read cycle. The OE assertion time is referenced
from when the read address is placed on the address bus (it can also
be referenced from when chip select asserts). See the OEA bit
settings for more details. Also, examples of how the OEA bit setting
affects the OE assertion time during read accesses can be seen in
Figure 4, Figure 5, Figure 6, Figure 31, and Figure 32.

For SYNC = 1:
After the initial burst access, OE is asserted continuously for
subsequent burst accesses, and is not affected by OEA (see burst
read timing diagrams for more detail). The behavior of OE on the
initial burst access is the same as when SYNC = 0.
When the EBC bit in the corresponding register is clear, the EB[3:0]
outputs are similarly affected.
OEA does not affect the cycle length.
OEA is cleared by a hardware reset.

after the address is placed on the bus)

0001 = OE is asserted 1 half clock (HCLK
cycles) after the assertion of chip select (or
after the address is placed on the bus)

1111 = OE is asserted 15 half clocks (HCLK
cycles) after the assertion of chip select (or
after the address is placed on the bus)

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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Table 2. Chip Select Control Registers Description (continued)

Name Description Settings
OEN OE De-assert—Determines when OE is de-asserted during a read | 0000 = OE is de-asserted 0 half clocks
Bits 27—24 | cycle. See the OEN bit settings for more details. Also, examples of | (HCLK cycles) before end of access (before
how the OEN bit setting affects the OE de-assertion time during read | the chip select is de-asserted)
accesses can be seenin Figure 7, Figure 8, Figure 9, Figure 31, and
Figure 32. 0001 = OE is de-asserted 1 half clock (HCLK
When EBC in the corresponding register is clear, the EB[3:0] outputs | cycles) before end of access (before the chip
are similarly affected. select is de-asserted)
Setting the SYNC bit (SYNC = 1) overrides OEN and OE negates at | ...
the end of a read access and no sooner. 1111 = OE is de-asserted 15 half clocks
OEN does not affect the cycle length. (HCLK cycles) before end of access (before
OEN is cleared by a hardware reset. the chip select is de-asserted)
Note: Programming the OEA and OEN bits such that the total
assertion time of OE is one half HCLK cycle is not allowed,
and will result in no assertion of the OE signal.
WEA EB[3:0] Assert—Determines when EB[3:0] is asserted during write | 0000 = EB[3:0] is asserted 0 half clocks
Bits 23—20 | cycles. This is useful to meet data setup time requirements for slow | (HCLK cycles) after the address is placed on
memories. WEA determines the number of half clocks (half HCLK | the bus
cycles) before EB[3:0] asserts during a write cycle. The EB[3:0]
assertion time is referenced from when the write address is placed | 0001 = EB[3:0] is asserted 1 half clock
on the address bus or when the R/W signal asserts (it can also be | (HCLK cycles) after the address is placed on
referenced from when chip select asserts, however, in the case of | the bus
writes, the chip select assertion time may also be affected by the .
CSA bit setting). See the WEA bit settings for more details. Also, 1111 = EB[3:0] is asserted 15 half clocks
examples of how the WEA bit setting affects the EB[3:0] assertion | (HCLK cycles) after the address is placed on
time during write accesses can be seen in Figure 10, Figure 11, the bus
Figure 12, Figure 27, Figure 28, Figure 29, and Figure 30.
WEA does not affect the cycle length.
WEA is cleared by a hardware reset.
WEN EBI[3:0] De-assertion During Write—Determines when EB[3:0] | 0000 = EB[3:0] is de-asserted 0 half clocks
Bits 19—16 | outputs are de-asserted during a write cycle. This is useful to meet | (HCLK cycles) before end of access (or

data hold time requirements for slow memories. See the WEN bit

settings for more details. Also, examples of how the WEN bit setting

affects the EB[3:0] de-assertion time during write accesses can be

seen in Figure 13, Figure 14, Figure 15, Figure 28, Figure 29 and

Figure 30.

WEN does not affect the cycle length.

WEN is cleared by a hardware reset.

Note: Programming the WEA and WEN bits such that the total
assertion time of EB[3:0] is one half HCLK cycle is not allowed,
and will result in no assertion of the EB[3:0] signal

before the de-assertion of R/W)

0001 = EB[3:0] is de-asserted 1 half clock
(HCLK cycles) before end of access (or
before the de-assertion of R/W)

1111 = EB[3:0] is de-asserted 15 half clocks
(HCLK cycles) before end of access (or
before the de-assertion of R/W)
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Table 2. Chip Select Control Registers Description (continued)

Name Description Settings
CSA Chip Select Assert—Determines when the chip select is asserted | 0000 = Asserts 0 HCLK cycles after address
Bits 15—12 | and de-asserted for devices that require additional address setup is placed on bus and de-asserts 0 HCLK
time and additional address/data hold times. CSA affects only cycles before end of access (or before
external writes, and is ignored on external reads. The chip select address is removed from bus for
assertion/de-assertion times may be referenced from the assertion |back-to-back accesses)

and de-assertion of the R/W signal or for back-to-back external

writes, the chip select assertion/de-assertion time may be 0001 = Asserts 1 HCLK cycles after address

referenced to when the write address is placed and removed from the |is placed on bus and de-asserts 1 HCLK

external address bus. See the CSA bit settings for more details. Also, | cycles before end of access (or before
examples of how the CSA bit setting affects the chip select assertion | address is removed from bus for

and de-assertion time during write accesses can be seen in back-to-back accesses)

Figure 19, Figure 20, Figure 21, and Figure 33.

CSA pre-empts the CNC bit setting. 1111 = Asserts 15 HCLK cycles after

CSA does not affect the cycle length. address is placed on bus and de-asserts 15

CSA is cleared by a hardware reset. HCLK cycles before end of access (or before
address is removed from bus for
back-to-back accesses)

EBC Enable Byte Control—Indicates the access types that assert the |0 = Both read and write accesses assert the
Bit 11 enable byte outputs (EB[3:0]). EBI[3:0] outputs, thus configuring the access

EBC is set by a hardware reset. as byte enables
1 = Only write accesses assert the EB[3:0]
outputs, thus configuring the access as byte
write enables; the EB[3:0] outputs are
configured as byte write enables for
accesses to dual x16 or quad x8 memories

DSz Data Port Size—Defines the width of the external device’s data port | 000 = 8-bit port, resides on D[31:24] pins
Bits 10-8 |as shown in the table, DSZ Bit Encoding, to the right. At hardware |001 = 8-bit port, resides on D[23:16] pins
reset, the value of DSZ is 101 for CS1— CS5. For CS0, DSZ is based | 010 = 8-bit port, resides on D[15:8] pins

on the value of the external BOOT[3:0] signals. 011 = 8-bit port, resides on D[7:0] pins
100 = 16-bit port, resides on D[31:16] pins
101 = 16-bit port, resides on D[15:0] pins
11x = 32-bit port

Reserved | Reserved—This bit is reserved and should read O.

Bit 7

SP Supervisor Protect—Prevents accesses to the address range 0 = User mode accesses are allowed in the
Bit 6 defined by the corresponding chip select when the access is range of chip select

attempted in the User mode of ARM920T core operation. 1 = User mode accesses are prohibited;

SP is cleared by a hardware reset. attempts to access an address mapped by
this chip select in User mode results ina TEA
to the ARM920T core and no assertion of the
chip select output

Reserved | Reserved—This bit is reserved and should read O.

Bit 5

WP Write Protect—Prevents writes to the address range defined by the | 0 = Writes are allowed in the range of chip
Bit 4 corresponding chip select. select

WP is cleared by a hardware reset.

1 = Writes are prohibited; attempts to write to
an address mapped by this chip select result
in a TEA to the ARM920T core and no
assertion of the chip select output

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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Table 2. Chip Select Control Registers Description (continued)

Name Description Settings
Reserved |Reserved—These bits are reserved and should read 0.
Bits 3-2
PA Pin Assert—Controls the chip select pin when it is operatingas a |0 = Brings the chip select output to logic-low
Bit 1 programmable output pin (when the CSEN bit is clear). 1 = Brings the chip select output to logic-high
PA is not available (reserved) for CSO0.
PA is set by a hardware reset for CS1-CS5.
CSEN Chip Select Enable—Controls the operation of the chip select pin. | 0 = Chip select function is disabled; attempts
Bit 0 to access an address mapped by this chip
Except for CS0, CSEN is cleared by reset, disabling the chip select |select results in an error and no assertion of
output pin. When enabled, the PA control bit is ignored. CSEN in the | the chip select output
CS0 control register is set at reset to allow CSO0 to select from an When disabled, the pin is a general purpose
external boot ROM. output controlled by the value of PA control
bit. When CSEN in the CSO0 control register is
CSEN is set by a hardware reset for CSO0. clear, CSO0 is inactive.
CSEN is cleared by a hardware reset for CS1-CS5. 1 = Chip select is enabled, and is asserted
when presented with a valid AHB access.
Table 3. Chip Select Wait State and Burst Delay Encoding
Number of Wait-States
WSC [5:0] WWS =0 WWS =1 WWS =7
Read Access Write Access Read Access Write Access Read Access Write Access
000000 1 1 1 1 1 7
000001 1 1 1 2 1 8
000010 2 2 2 3 2 9
000011 3 3 3 4 3 10
110111 55 55 55 56 55 62
111000 56 56 56 57 56 63
111001 57 57 57 58 57 63
111010 58 58 58 59 58 63
111011 59 59 59 60 59 63
111100 60 60 60 61 60 63
111101 61 61 61 62 61 63
111110 62 62 62 63 62 63
111111 Reserved or Reserved or Reserved or Reserved or Reserved or Reserved or
External DTACK | External DTACK | External DTACK | External DTACK | External DTACK | External DTACK

Note: WSC = 111111 is not available (reserved) for CS0, CS1, CS2, CS3 and CS4, but it is available (the external DTACK) for

CS5.
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Overview of the i.MX EIM

Addr
EIM EIM Configuration Register 0x00220030

BIT 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

TYPE r r r r r r r r r r r r r r r r
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RESET
0x0000

BIT 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

| BCM | |
TYPE r r r r r r r r r r r r r rw r r
0 0 0 0 0 0 0 0 0 0 0 0 0 0O o
RESET
0x0000
Table 4. EIM Configuration Register Description
Name Description Settings
Reserved | Reserved—These bits are reserved and should read O.
Bits 31— 3
BCM Burst Clock Mode—Selects the burst clock |0 = The burst clock runs only when accessing a chip select range
Bit 2 mode of operation. with the SYNC bit set; when the burst clock is not running it remains
in a logic O state; when the burst clock is running it is configured by
BCM is cleared by a hardware reset. the BCD and BCS bits in the chip select control register.
1 = The burst clock runs all the time (independent of chip select
accesses). The burst clock (BCLK) runs at the same frequency as
the system clock (HCLK).

Reserved | Reserved—These bits are reserved and should read 0.
Bits 1-0

2.3 Hardware Set-Up for Waveform Capture

The next section, Section 3, “EIM External Bus Asynchronous Waveform Examples,” provides several
example waveforms captured on an HP16702A logic analyzer. The waveforms were generated using an
1.MX chip along with an internal-use-only evaluation board (EVB), used mainly for silicon validation. The
code used to generate the waveforms was stored in the .MX1 internal RAM to minimize external bus
transactions and to ensure that only the desired external bus transactions were captured (as opposed to
inadvertently capturing instruction or data fetches). The code basically consists of setting up the EIM chip
select control register and performing either a read or write operation. Each of the example waveforms
provides the chip select control register settings.

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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EIM External Bus Asynchronous Waveform Examples

3 EIM External Bus Asynchronous Waveform Examples

Figure 1 through Figure 33 timing diagrams show the EIM waveforms for different chip select control
register bit settings for either read or write accesses. Each of the timings diagrams are actual waveforms
captured on an HP16702A logic analyzer to illustrate how varying the bit settings affect the asynchronous
timings of the EIM. In each waveform example, the BCM bit in the EIM Configuration Register is set,
forcing the burst clock (BCLK) to run all the time, to help in analyzing the timing details of each waveform
and to provide a point of reference. The burst clock (BCLK) follows the timing of the internal system clock
(HCLK), in that the frequency of the system clock (HCLK) is mirrored on the external burst clock (BCLK)
output. Also note that for illustrative purposes and to minimize cluttering the waveform examples, only
one of the enable byte signals, EB3, is shown as it asserts for 32-bit accesses and for 16-bit accesses when
DSIZ is set for 101. Hence the choice of which data port D[31:16] or D[15:0] to use during 16-bit accesses
is arbitrary, thus the data port D[15:0] was chosen as it would force the assertion of the enable byte signal
EB3. Finally, CS[1] is used as the example chip select for most of the examples waveforms, however, all
the chip selects should follow the same timing, thus the use of CS[1] is completely arbitrary.

BCLK :

ADDR 0000000 I | 0300000
CS0 i T ]
Cs1 1 I 0 1
RIY :5 T

LEA 1 Lo | 1
OE 1 o | 1

EB3 | 1|
DATA I FFFFFFFF
|
Figure 1 depicts a read access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this
example are:

CS1U = 0x00000100

CS1L = 0x00000EO01

The Wait State Control (WCS) bits are set to 1 wait state, and as can be seen the in the diagram, the total access time is 2 clock
cycles (from when the address is placed on the bus). Also in this example, the EBC bit is set indicating that the EB signal only
asserts for write accesses.

Figure 1. WSC=1, EBC=1 (Read)

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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EIM External Bus Asynchronous Waveform Examples

BCLK ﬁ
ADDR E 0000010 |
S0 I 1 |
£5l 1 :j 0 ﬂ 1
Rl 1 | | | 1
LER 1 ] 0 | !
0E I 1 i
EB3 1 | 0 | !
DATA FFFFFFFF ié | | SASAEASA
| 4 clock cycles (WSC=3) > !

Figure 2 depicts a write access on CS[1] with the EIM set up for'a 32-bit data port. The chip select control register settings for this

example are:

CS1U = 0x00000300

CS1L = 0x00000E01

The Wait State Control (WCS) bits are set to 3 wait states, and as can be seen the in the diagram, the total access time is 4 clock
cycles (from when the address is placed on the bus). Also in this example, the EBC bit is set indicating that the EB signal only

Figure 2. WSC=3, EBC=1 (Write)

BCLEK

‘ADDR | 0000010 | 0000014 :

TS0 | E I |

Wfﬂ 0 1
Rl " 1 I

T[T 0 i
E[ 1 | 0 1

TEB3 | I 1 |

DATA | l FFFFFFFF |

— [t 63 clock cycles (WSC=62) >|

Figure 3 depicts a read access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:

CS1U = 0x0000FE00
CS1L = 0x00000E01

The Wait State Control (WCS) bits are set to 62 wait states, and as can be seen the in the diagram, the total access time is 63 clock cycles
(from when the address is placed on the bus). Also in this example, the EBC bit is set indicating that the EB signal only asserts for write

accesses.

Figure 3. WSC=62, EBC=1 (Read)

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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. . . . T . . . .
BCLk [1 o [ = [o 1 m o [1 o1 o 1 o1 o |1 ]
ADDR 0000014 T 0000018
LSO |§ 1
CS1 1 || 0 [ 1
Rl E 1
LEA 1 Ii 0 [ 1
0E 1 :: | 0 | 1
EEZ |§ : 1
DATA —>| |<— OE si FnFariE Zstered a half clock cycle after address (OEA=1)
I ’ ¢

Figure 4 depicts a read access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000200

CS1L = 0x10000E01

The Wait State Control (WCS) bits are set to 2 wait states and the OEA bits are set to 1, indicating a half clock cycle delay from when the
address is placed on the bus to the assertion of the OE signal. Also in this example, the EBC bit is set indicating that the EB signal only asserts

for write accesses.

Figure 4. WSC=2, OEA=1, EBC=1 (Read)

BCLE :
ADDR 0O0001E i 000001C ] 000001E
Cs0 : T
Cs1 1 :j b | 1
= ; |1
LEA 1 I o | 1
OE T i | o T 1 o | 1
T
DATA _|f<_>l FFF ﬁili |
OE is assertdd 1 clock cycle after addrelss (OEA=2)

Figure 5 depicts a 32-bit read access on CS[1] with the EIM set Up for a 16-bit data port, in this case causing two external 16-bit back-to-back
accesses. The chip select control register settings for this example are:

CS1U = 0x00000200

CS1L = 0x20000D01

The Wait State Control (WCS) bits are set to 2 wait states and the OEA bits are set to 2, indicating a 1 clock cycle delay (2 half clock cycles)
from when the address is placed on the bus to the assertion of the OE signal. Also in this example, the EBC bit is set indicating that the EB
signal only asserts for write accesses.

Figure 5. WSC=2, OEA=2, EBC=1, DSIZ= 101 (Read)

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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: : . : : : :
ek [ U U UYL Uy Uyt yyuwyy
"ATDR | O0000LE 0000020
£so | 1
£st | 1 0 | 1
_ R | 1

LER T ] 0 | 1
OE | 1 0 | 1
~ EB3 | ) I 0 | 1
DATA | FFFFFFFT 07F7COFE
] = -

OE and EB (since EBC=0) asserted 7.5 clock cycles after address (OEA=15)

Figure 6 depicts a read access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000F00

CS1L = 0xFO000601

The Wait State Control (WCS) bits are set to 15 wait states and the OEA bits are set to 15, indicating a 7.5 clock cycle delay from when the
address is placed on the bus to the assertion of the OE signal. Also in this example, the EBC bit is cleared indicating that the EB signal asserts
for write and read accesses, as seen above.

Figure 6. WSC=15, OEA=15, EBC=0 (Read)

. . . . ——r . . .
BCLK ;
AODR | 0000020 I 1 0000024
Cs0 | g 1 : ’
cs1 1 | 0 1
TR § T 1 |
LEA | 1 I o | 1
:::gg: 1 | 0 | 1
EE3 ; T
ﬂ Oils(:_::_sg}rza ha]lmk cycle early (OEN=1)

Figure 7 depicts a read access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000200

CS1L = 0x01000E01

The Wait State Control (WCS) bits are set to 2 wait states and the OEN bits are set to 1, indicating that the OE signal de-asserts a half clock
cycle before the de-assertion of the chip select (or in the case of back-to-back read accesses, it will de-assert one half clock cycle before the
associated read address is removed from the bus). Also in this example, the EBC bit is set indicating that the EB signal only asserts for write
accesses.

Figure 7. WSC=2, OEN=1, EBC=1 (Read)

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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BoLk [T 1o [T [o [T o1 o1 o7 o1 o1

ADDR 0000024 |I 0000028 |I DOOO02A
o0 B
(=31 1 | | 0
RW 1 |
LA | 1 i | d

OE 1 | 0 1 0 1
EBZ : | 1 I
DATH - ' |FFFFFFFF
— OE de-asserts one clock cycle early (OEN=2) | <———#»,
Figure 8 depicts a 32-bit read access on CS[1] with the EIM set up for a 16-bit data port, in this case causing two external 16-bit back-to-back
accesses. The chip select control register settings for this example are:
CS1U = 0x00000200
CS1L = 0x02000D01
The Wait State Control (WCS) bits are set to 2 wait states and the OEN bits are set to 2, indicating that the OE signal de-asserts a one clock
cycle before the de-assertion of the chip select, or for back-to-back read accesses as seen here, it will de-assert one clock cycle before the

associated read address is removed from the bus and before the placement of the next address. Also in this example, the EBC bit is set
indicating that the EB signal only asserts for write accesses.

Figure 8. WSC=2, OEN=2, EBC=1, DSZ= 101 (Read)

: . o : — : : — :
ek [ U U U U U Uy ity UyL
ADDR | 000002R ; [ 0000020 |

Cs1 1 | 0, I 1
| ) |
LEA | 1 i o | 1
~OE | 1 | 0 1
:EEE: 1 | 0 [ #
DATA FFFFFFFF ] T AF7AOBES |
] 5 _ - >

OE and EB (EBC=0) de-asserts 7.5 clock cycles early (OEN=15)

Figure 9 depicts a read access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000F00

CS1L = 0x0F000601

The Wait State Control (WCS) bits are set to 15 wait states and the OEN bits are set to 15, indicating that the OE signal de-asserts a 7.5 clock
cycles before the de-assertion of the chip select (or in the case of back-to-back read accesses, it will de-assert 7.5 clock cycles before the
associated read address is removed from the bus). Also in this example, the EBC bit is cleared indicating that the EB signal asserts for write
and read accesses.

Figure 9. WSC=15, OEN=15, EBC=0 (Read)

EIM Asynchronous Timing Parameters Application Note, Rev. 1
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. . . . T . . . .
acLK1|0|1|0|1|_50_|:1|0|1|0|1|0|1|0|T|_':
ADDR 000002C R 0000010

=) i :

Cs1 1  — 0 | 1

TRW 1 L 0 | T

LBA 1 | 0 | 1

i3 i :

EE3 1 B 0 | 1

DATA FFFFFFFF N SASABASA

- - EB signal is asserted a half clock cycle after address (WEA=1)

Figure 10 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000200

CS1L = 0x00100E01

The Wait State Control (WCS) bits are set to 2 wait states and the WEA bits are set to 1, indicating a half clock cycle delay from when the
address is placed on the bus to the assertion of the EB signal. Also in this example, the EBC bit is set indicating that the EB signal only asserts
for write accesses. Note in this example that the placement of the data onto the bus is coincidental with the assertion of the EB signal. For write
cycles, due to the internal timings of the EIM, the data is normally placed on the bus a half clock cycle after the placement of the address,
regardless of the WEA setting.

Figure 10. WSC=2, WEA=1, EBC=1 (Write)

— . . — m . . .
Bobk | 1 o 1 o 1 ol 17 eof1 o1 o1 0 i
‘ADOR [0000010 | " ooooo014 I | 0000016
50 | ] I 1 !
sl [ 1 ! o ! 1
ORI T i D | 1
ea | 1 | p | S
0E | ; ! 1 |
" EEZ | t1 I| 0 fﬁ 0 [ 1
DATA [ FFFFFFFF | ' FEEE , | ! FOEA
— |——' Tt—»

i EB signal is asserted one clock cycle after address (WEA=2) !

Figure 11 depicts a 32-bit write access on CS[1] with the EIM set up for a 16-bit data port, in this case causing two external 16-bit back-to-back
accesses. The chip select control register settings for this example are:

CS1U = 0x00000200

CS1L = 0x00200D01

The Wait State Control (WCS) bits are set to 2 wait states and the WEA bits are set to 2, indicating a clock cycle delay from when the address
is placed on the bus to the assertion of the EB signal. Also in this example, the EBC bit is set indicating that the EB signal only asserts for write
accesses.

Figure 11. WSC=2, WEA=2, EBC=1, DSIZ= 101 (Write)
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BCLK

AODE

CSo

Cs1

Rl

LERA

0OE

EE3
nATA

CS1U = 0x00000F00
CS1L = 0x00FO0EO1

-

DOD0OLE E ] 00000LE
|§ L
1 |; L0 1
1 ; | 0 1
T E !0 1
E o
11 i 0 [ 1
FFFFFFFF T ! GASASAGA

EB signal is Bsserted 7.5 clock cycle after address (WEA=15)
Figure 12 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:

The Wait State Control (WCS) bits are set to 15 wait states and the WEA bits are set to 15, indicating a 7.5 clock cycle delay from when the
address is placed on the bus to the assertion of the EB signal. Also in this example, the EBC bit is set indicating that the EB signal only asserts

for write accesses.

Figure 12. WSC=15, WEA=15, EBC=1 (Write)

T T T T T — T T

Bk [T Lo [T o[ T [of7% o[ o[ Lot o1 |
ADDR Q00018 [ ooaalo

C51 1 | | 1
R 1 i | 1
' LEA | 1 i | 1

EE3 1 | 0 | 1
OATA FFFFFFFF I |  SBASH5ASA

EB de-asserts a half clock cycle early (WEN=1) |

Figure 13 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:

CS1U = 0x00000200
CS1L = 0x00010E01

The Wait State Control (WCS) bits are set to 2 wait states and the WEN bits are set to 1, indicating that the EB signal de-asserts a half clock
cycle before the de-assertion of the chip select (or in the case of back-to-back write accesses, it will de-assert one half clock cycle before the
associated write address is removed from the bus). Also in this example, the EBC bit is set indicating that the EB signal only asserts for write

accesses.

Figure 13. WSC=2, WEN=1, EBC=1 (Write)
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: : : : . : : : :
Bik | [T o [T o[ 1 ilLl 1 ;lLl T ||L| 1 ;lLl 1
ADDR [0000010]; 0000014 | I 00b00LE |
oo | l T l :
Toel [T | 0 : T
R T | 0 | 1
T | I | ——
B — ——
ESNEE : T : | E
DATA | FFFFFFFF | FFEE | I | FFFD |
| EB de-aslserts one clock cycle early (WEN=2|) |

Figure 14 depicts a 32-bit write access on CS[1] with the EIM set up for a 16-bit data port, in this case causing two external 16-bit back-to-back
accesses. The chip select control register settings for this example are:

CS1U = 0x00000200

CS1L = 0x00020D01

The Wait State Control (WCS) bits are set to 2 wait states and the WEN bits are set to 2, indicating that the EB signal de-asserts a one clock
cycle before the de-assertion of the chip select, or for back-to-back read accesses as seen here, it will de-assert one clock cycle before the
associated write address is removed from the bus and before the placement of the next address. Also in this example, the EBC bit is set
indicating that the EB signal only asserts for write accesses.

Figure 14. WSC=2, WEN=2, EBC=1, DSIZ= 101 (Write)

T T ! T T T T T T T
ek [ U U ULV Uy uduyuy
ADDR Qo001 s | | Qooonldg |
C50 1 : :
CS1 1 | 0 | 1
Rl I Ié 0 il T
LEA 1 |§ ol I 1
0E 1 ; :
EBZ 1 | 0 (| 1 |
DATA FFFFFFFF E | S5R5A5A5A |
_ - i
EB de-asserts 7.5 clock cycles early (WEN=15)

Figure 15 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000F00

CS1L = 0x000FOEO1

The Wait State Control (WCS) bits are set to 15 wait states and the WEN bits are set to 15, indicating that the EB signal de-asserts a 7.5 clock
cycles before the de-assertion of the chip select (or in the case of back-to-back write accesses, it will de-assert 7.5 clock cycles before the
associated write address is removed from the bus). Also in this example, the EBC bit is set indicating that the EB signal only asserts for write
accesses.

Figure 15. WSC=15, WEN=15, EBC=1 (Write)
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BCLK E
"ADIDR | 00000LC i 0000000 | 5000004 | | 5000008
50 | 5 ' 1 B

oot | 1 ] 0 Y‘E“ﬁ 0 "E“j o

[ 1
=X 1 ] 0 T 0 T | 0 1
T
T

LEA 1 ] 0 1 1 0 [T 1 0

OE : ' 1 I i
EEZ 1 ] 0 ] 0 T 0
—_— : | | | |
DATA FFFFFFFF ¢ | T1i1z2g2 | | 33334444 |, | GELGLEGE
[ . . | :<_>

|
1 clock cycle de-assertion time for CS[1] and other control signals for both CNC=0 and CNC=1

Figure 16 depicts several back-to-back write accesses on CS[1] with the EIM set up for a 32-bit data port. The back-to-back write accesses are
achieved by issuing a Store Multiple command (STM). The chip select control register settings for this example are:

CS1U = 0x00000200

CS1L = 0x00000E01

The Wait State Control (WCS) bits are set to 2 and for this example, CNC is set to 0. This figure shows that even though CNC is set to 0, there
is still a one clock cycle turn around time from one write cycle to another, due mainly to internal transactions between the EIM and the internal
AHB bus. This can be seen above, where the chip select and other control signals are de-asserted for one clock cycle from one write to another.
For a CNC setting of 1, this waveform would look the same. The following two example waveforms show the effect changing the CNC bits (to 2
and 3) have on the de-assertion time of the chip select and other control signals.

Figure 16. WSC=2, CNC=0, EBC=1 (Write)

BCLK |

ADDR | 0000000 ] 000000b I 0000004 [ oooooi

50 | | i |

oo T §| 0 . 0 —T o
|

=N 1 ] 0

LEA 1 ﬂ 0 | 1 | 0 | 1 | 0

0E ; | 1] | |
EBZ 1 ] 0 I 1 0 ‘ 1 ! 0
IE— : ] |
OATA FFFFFFFF i 11112222 [ 33334444 | [ | GEE5AGERA
-] | | T T
- -

2 clock cycleI de-assertion timcla for CS[1] and other controi signals for CNCLZ

Figure 17 depicts several back-to-back write accesses on CS[1] with the EIM set up for a 32-bit data port. The back-to-back write accesses are
achieved by issuing a Store Multiple command (STM). The chip select control register settings for this example are:

CS1U = 0x00008200

CS1L = 0x00000E01

The Wait State Control (WCS) bits are set to 2 and for this example, CNC is set to 2. This figure shows that with CNC set to 2, the de-assertion
time for the chip select signal and other control signals is stretched out to 2 clock cycles.

Figure 17. WSC=2, CNC=2, EBC=1 (Write)
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BCLK [{o 1 TlofT] [1 1 1 1]of1 1]of1 1]of1 1 1
ADDR 000000C | 0000000 F 0000004

: | |

£SO ; ! 1

Csi 1 | 0 1 ] 0 | 1

RU 1 | 0 | T 1 0 | 1
LEA 1 |§ 0 | 1 | 0 | 1
0E : | 1 |
EE3 1 |§ 0 |: 1 h 0 | 1
DATA FFFFFFFF  © | 11112223 I 33334444 [ &¢
-

3 clock cycle de-assertion time for CS[1] and other control signals for CNC=3

Figure 18 depicts several back-to-back write accesses on CS[1] with the EIM set up for a 32-bit data port. The back-to-back write accesses are
achieved by issuing a Store Multiple command (STM). The chip select control register settings for this example are:

CS1U = 0x0000C200

CS1L = 0x00000EO1

The Wait State Control (WCS) bits are set to 2 and for this example, CNC is set to 3. This figure shows that with CNC set to 3, the de-assertion
time for the chip select signal and other control signals is stretched out to 3 clock cycles.

Figure 18. WSC=2, CNC=3, EBC=1 (Write)

T T | — T T T T T T
peuk [T T[T Lo [T [T LT e [T [T [T [T T[T [T [TLIT
"ADIDR | 000100C | : i | 0000010
=) ———

Cs1 1 | ||Ld | 1

Rl 1 | oo I 1
oon ! —fol :
_E I I

EB3 1 1 [ O d 1
DATA | FEFFFFFF | | | 10325476

g(?cglc]e sasnlds %?:sgﬁf:ét c?nn?hg%%kscyde after the| <_>! !<_>! ges-gs]saer:goLnBc’; Shee-aRS/sﬁrts ic;r;]ea |clock cycle after the

Figure 19 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000200

CS1L = 0x00001EO1

The Wait State Control (WCS) bits are set to 2 and for this example, CSA is set to 1. This figure shows that with CSA set to 1, the chip select
signal CS[1] asserts one clock cycle after the address is presented on the bus (or relative to the assertion of the R/W signal) and de-asserts one
clock cycle before the de-assertion of the R/W signal. Adjusting the CSA bit setting affects write cycles only. Furthermore, this figure illustrates
that the signal LBA follows the CS[1] signal.

Figure 19. WSC=2, CSA=1, EBC=1 (Write)
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BCLEK | | || | || | ||

ACDR | 1 Qoo0oLo | [ | QooooL2
£s0 1 AT
ceL [ 10 0 . 0 [
Rl ; , '3|f !
LBA | T 0 Wi 0 [
OE ] T
Bz ] | 4|
‘DATA [&FFR] FFFF3dic T FFFF7556
] | 1@[1] and LBA assert two clock cycles after the ! |§[1] and LBA assert two clock cycles after
| | address is presented on the bus |<_>|<_>| the address is presented on the bus

CS[1] de-asserts two clodk cycles early

Figure 20 depicts a 32-bit write access on CS[1] with the EIM set up for a 16-bit data port, in this case causing two external back-to-back 16-bit
accesses. The chip select control register settings for this example are:

CS1U = 0x00000F00

CS1L = 0x00002D01

The Wait State Control (WCS) bits are set to 15 and for this example, CSA is set to 2. This figure shows that with CSA set to 2, the chip select
signal CS[1] asserts two clock cycles after the address is presented on the bus (or relative to the assertion of the R/W signal) and de-asserts
two clock cycles before the next address is placed on the bus. Adjusting the CSA bit setting affects write cycles only. Furthermore, this figure
illustrates that the signal LBA follows the CS[1] signal.

Figure 20. WSC=15, CSA=2, EBC=1, DSIZ= 101 (Write)

T T T T T T T T
BCLE
ADDR [7] ; 0000010 | :
ST : ; ;
cstf 11 || 0 | ) |
m L | 0 | 1
E | . :l 0 1 |
DR | 1 | |
EBZ (L] ; 0 | [ 1 |
DATA | '|:| : 10325476 : :
CS[1] and LBA assert 15 clock cycles after the Cs[1] and LBA de-alsgert_15 clock cycles after'the
address is presented on the bus de-assertion of the R/W signal

Figure 21 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00003E00

CS1L = 0x0000FEO1

The Wait State Control (WCS) bits are set to 62 and for this example, CSA is set to 15. This figure shows that with CSA set to 15, the chip select
signal CS[1] asserts fifteen clock cycles after the address is presented on the bus (or relative to the assertion of the R/W signal) and de-asserts
fifteen clock cycles before the de-assertion of the R/W signal. Adjusting the CSA bit setting affects write cycles only. Furthermore, this figure
illustrates that the signal LBA follows the CS[1] signal.

Figure 21. WSC=62, CSA=15, EBC=1 (Write)
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The idle cycle time between the read (CS[0]) and write (CS[1]) is 6 clock cycles (EDC=6)

Figure 22 gives an example of varying the Extra Dead Cycle (EDC), depicts a read access on CS[0] followed by a write access from CS[1]. The
setting of the EDC bits determine the number of idle cycles inserted after a read cycle for back-to-back transfers. The chip select 0 and chip
select 1 control register settings for this example are:

CSO0U = 0x00000206

CSOL = 0x00000E01

CS1U = 0x00000200

CS1L = 0x00000E01

The Wait State Control (WCS) bits for both chip selects are set to 2 and for this example, EDC is set to 6 for CS[0]. That means that 6 idle
cycles are inserted after the read cycle performed by CS[0] before the write access takes place on CS[1], where EDC only inserts idle cycles for
transfers taking between two different chip selects.

To minimize amount of external transfers, the instructions that were used to perform these accesses were stored in internal RAM (using the
i.MX1 chip), and to minimize the time between transfers, the | cache was enabled. However, it was found that the minimum idle time between
the transfers was 6 clock cycles, meaning that if the EDC bits were set to anything less than 6, the idle cycles will still remain at 6 clock cycles.
However, increasing the EDC time will summarily increase the idle cycle time between the two transfers as seen in the following examples.

Figure 22. CS[0]: WSC=2, EDC=6, EBC=1 (Read). CS[1]: WSC=2, EBC=1 (Write)
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The idle cycle time between the read (CS[0]) and write (CS[1]) is 7 clock cycles (EDC=7)

Figure 23 gives an example of varying the Extra Dead Cycle (EDC), depicts a read access on CS[0] followed by a write access from CS[1]. The
setting of the EDC bits determine the number of idle cycles inserted after a read cycle for back-to-back transfers. The chip select 0 and chip
select 1 control register settings for this example are:

CSO0U = 0x00000207

CSOL = 0x00000E01

CS1U = 0x00000200

CS1L = 0x00000E01

The Wait State Control (WCS) bits for both chip selects are set to 2 and for this example, EDC is set to 7 for CS[0]. That means that 7 idle
cycles are inserted after the read cycle performed by CS[0] before the write access takes place on CS[1], where EDC only inserts idle cycles for
transfers taking between two different chip selects.

Figure 23. CS[0]: WSC=2, EDC=7, EBC=1 (Read). CS[1]: WSC=2, EBC=1 (Write)
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The i(%ile cycle time between the read (@[0]) and write (§[1]) is 8 clock cycles (EDC=8)

Figure 24 gives an example of varying the Extra Dead Cycle (EDC), depicts a read access on CS[0] followed by a write access from CS[1]. The
setting of the EDC bits determine the number of idle cycles inserted after a read cycle for back-to-back transfers. The chip select 0 and chip
select 1 control register settings for this example are:

CSO0U = 0x00000208

CSOL = 0x00000E01

CS1U = 0x00000200

CS1L = 0x00000EO01

The Wait State Control (WCS) bits for both chip selects are set to 2 and for this example, EDC is set to 8 for CS[0]. That means that 8 idle
cycles are inserted after the read cycle performed by CS[0] before the write access takes place on CS[1], where EDC only inserts idle cycles for
transfers taking between two different chip selects.

Figure 24. CS[0]: WSC=2, EDC=8, EBC=1 (Read). CS[1]: WSC=2, EBC=1 (Write)
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The idle cycle time between the read (CS[0]) and write (CS[1]) is 15 clock cycles (EDC=15)
Figure 25 gives an example of varying the Extra Dead Cycle (EDC), depicts a read access on CS[0] followed by a write access from CS[1]. The
setting of the EDC bits determine the number of idle cycles inserted after a read cycle for back-to-back transfers. The chip select 0 and chip
select 1 control register settings for this example are:
CSO0U = 0x0000020F
CSOL = 0x00000E01
CS1U = 0x00000200
CS1L = 0x00000E01
The Wait State Control (WCS) bits for both chip selects are set to 2 and for this example, EDC is set to 15 for CS[0]. That means that 15 idle
cycles are inserted after the read cycle performed by CS[0] before the write access takes place on CS[1], where EDC only inserts idle cycles for
transfers taking between two different chip selects.

Figure 25. CS[0]: WSC=2, EDC=15, EBC=1 (Read). CS[1]: WSC=2, EBC=1 (Write)
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Figure 26 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000270

CS1L = 0x00000EO1

The Wait State Control (WCS) bits are set to 2 and for this example, WWS (Write Wait States) is set to 7. The WWS setting adds 7 more wait
states, totaling 9 wait states for write accesses or 10 clock cycles.

Figure 26. WSC=2, WWS=7, EBC=1 (Write)
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Figure 27 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000270

CS1L = 0x00400E01

The Wait State Control (WCS) bits are set to 2 and for this example, WWS (Write Wait States) is set to 7. The WWS setting adds 7 more wait
states, totaling 9 wait states for write accesses or 10 clock cycles. Also, in this example, WEA is set to 4 indicating a 2 clock cycle delay from
when the address is placed on the bus to the assertion of the EB signal, and WEN is set to 0.

Figure 27. WSC=2, WWS=7, WEA=4, WEN=0, EBC=1 (Write)
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Figure 28 depicts a 32-bit write access on CS[1] with the EIM set up for a 16-bit data port, in this case causing two external back-to-back 16-bit
accesses. The chip select control register settings for this example are:

CS1U = 0x00000270

CS1L = 0x00440D01

The Wait State Control (WCS) bits are set to 2 and for this example, WWS (Write Wait States) is set to 7. The WWS setting adds 7 more wait
states, totaling 9 wait states for write accesses or 10 clock cycles. Also, in this example, WEA is set to 4 indicating a 2 clock cycle delay from
when the address is placed on the bus to the assertion of the EB signal, and WEN is set to 4 indicating that the EB signal de-asserts a 2 clock
cycles before the de-assertion of the chip select (or in the case of back-to-back write accesses, it will de-assert 2 clock cycles before the
associated write address is removed from the bus).

Figure 28. WSC=2, WWS=7, WEA=4, WEN=4, EBC=1, DSIZ= 101 (Write)
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Figure 29 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000700

CS1L = 0x00860E01

The Wait State Control (WCS) bits are set to 7 and for this example WEA is set to 8 indicating a 4 clock cycle delay from when the address is
placed on the bus to the assertion of the EB signal, and WEN is set to 6 indicating that the EB signal de-asserts 3 clock cycles before the
de-assertion of the chip select (or in the case of back-to-back write accesses, it will de-assert 3 clock cycles before the associated write address
is removed from the bus).

Figure 29. WSC=7, WEA=8, WEN=6, EBC=1 (Write)
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Figure 30 depicts a 32-bit write access on CS[1] with the EIM set up for a 16-bit data port forcing two back-to-back 16-bit accesses. The chip
select control register settings for this example are:

CS1U = 0x00000700

CS1L = 0x00340D01

The Wait State Control (WCS) bits are set to 7 and for this example WEA is set to 3 indicating a 1.5 clock cycle delay from when the address is
placed on the bus to the assertion of the EB signal, and WEN is set to 4 indicating that the EB signal de-asserts 2 clock cycles before the
de-assertion of the chip select (or in the case of back-to-back write accesses, it will de-assert 2 clock cycles before the associated write address
is removed from the bus).

Figure 30. WSC=7, WEA=3, WEN=4, EBC=1, DSIZ= 101 (Write)
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Figure 31 depicts a read access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000700

CS1L = 0x86000E01

The Wait State Control (WCS) bits are set to 7 and for this example OEA is set to 8 indicating a 4 clock cycle delay from when the address is
placed on the bus to the assertion of the OE signal, and OEN is set to 6 indicating that the OE signal de-asserts 3 clock cycles before the
de-assertion of the chip select (or in the case of back-to-back write accesses, it will de-assert 3 clock cycles before the associated write address
is removed from the bus).

Figure 31. WSC=7, OEA=8, OEN=6, EBC=1 (Read)
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Figure 32 depicts a 32-bit read access on CS[1] with the EIM set up for a 16-bit data port, forcing two external back-to-back 16-bit accesses.
The chip select control register settings for this example are:

CS1U = 0x00000700

CS1L = 0x86000D01

The Wait State Control (WCS) bits are set to 7 and for this example OEA is set to 8 indicating a 4 clock cycle delay from when the address is
placed on the bus to the assertion of the OE signal, and OEN is set to 6 indicating that the OE signal de-asserts 3 clock cycles before the
de-assertion of the chip select (or in the case of back-to-back write accesses, it will de-assert 3 clock cycles before the associated write address
is removed from the bus, as seen in the figure above).

Figure 32. WSC=7, OEA=8, OEN=6, EBC=1, DSIZ= 101 (Read)

. . T . T . e
BLK | L =
ADDR 0000018 [T ¢ 0ooooL0 | ||
£ — 1 T
=N T : 1
Rl 1 L, 0 - 1
Lo | i ] 0 L 1
T OE | T 1 T
=1 L : S I
DATA | FFFFFFFF ||i ; 595959595 : :
swes T e T
cstcoay T EB (WENSD)

Figure 33 depicts a write access on CS[1] with the EIM set up for a 32-bit data port. The chip select control register settings for this example are:
CS1U = 0x00000F00

CS1L = 0x00232E01

The Wait State Control (WCS) bits are set to 15 and for this example, a write cycle with a combination of settings for WEA, WEN, and CSA.
WEA is set to 2 indicating a 1 clock cycle delay from when the address is placed on the bus to the assertion of the EB signal, and WEN is set to
3, indicating that the EB signal will de-assert 1.5 clock cycles from the de-assertion of the R/W signal. Normally, we would reference the EB
signal de-assertion to the de-assertion of the CS[1], but you will notice that by setting the CSA bits, the CS[1] timing also changes, such that in
this case, the CS[1] asserts 2 clock cycles after the address is placed on the bus and de-asserts 2 clock cycles before the de-assertion of the
R/W signal. In fact, for write cycles, the timing changes in CS[1] and EB may be referenced from the assertion/de-assertion of the R/W signal as
it’s timing is not affected by any of the EIM chip select control register bits (except for the total access time which is programmed via the WSC
bits).

Figure 33. WSC=15, WEA=2, WEN=3, CSA=2, EBC=1 (Write)
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4 References

The following documents can be used for additional information:

1. MC9328MX1 i.MX Integrated Portable System Processor Reference Manual
(order number: MC9328MX1RM)

2. MC9328MXL i.MX Integrated Portable System Processor Data Sheet
(order number: MC9328MXLRM)

3. MC9328MXS i.MX Integrated Portable System Processor Data Sheet
(order number: MC9328MXSRM)

For these and other technical documents about the .MX products, go to www.freescale.com/imx.

5 Revision History

This revision is for the purpose of applying the Freescale template and does not include technical content
changes.

EIM Asynchronous Timing Parameters Application Note, Rev. 1

Freescale Semiconductor 29



How to Reach Us:

Home Page:
www.freescale.com

E-mail:
support@freescale.com

USA/Europe or Locations Not Listed:
Freescale Semiconductor

Technical Information Center, CH370
1300 N. Alma School Road

Chandler, Arizona 85224
+1-800-521-6274 or +1-480-768-2130
support@freescale.com

Europe, Middle East, and Africa:
Freescale Halbleiter Deutschland GmbH
Technical Information Center
Schatzbogen 7

81829 Muenchen, Germany

+44 1296 380 456 (English)

+46 8 52200080 (English)

+49 89 92103 559 (German)

+33 1 69 35 48 48 (French)
support@freescale.com

Japan:

Freescale Semiconductor Japan Ltd.
Headquarters

ARCO Tower 15F

1-8-1, Shimo-Meguro, Meguro-ku,
Tokyo 153-0064, Japan

0120 191014 or +81 3 5437 9125
support.japan @freescale.com

Asia/Pacific:

Freescale Semiconductor Hong Kong Ltd.

Technical Information Center
2 Dai King Street

Tai Po Industrial Estate

Tai Po, N.T., Hong Kong
+800 2666 8080
support.asia @freescale.com

For Literature Requests Only:

Freescale Semiconductor Literature Distribution Center

P.O. Box 5405

Denver, Colorado 80217
1-800-521-6274 or 303-675-2140
Fax: 303-675-2150

LDCForFreescaleSemiconductor @ hibbertgroup.com

Document Number: AN2680
Rev. 1
10/2005

Information in this document is provided solely to enable system and software implementers to use
Freescale Semiconductor products. There are no express or implied copyright licenses granted
hereunder to design or fabricate any integrated circuits or integrated circuits based on the information
in this document.

Freescale Semiconductor reserves the right to make changes without further notice to any products
herein. Freescale Semiconductor makes no warranty, representation or guarantee regarding the
suitability of its products for any particular purpose, nor does Freescale Semiconductor assume any
liability arising out of the application or use of any product or circuit, and specifically disclaims any
and all liability, including without limitation consequential or incidental damages. “Typical” parameters
that may be provided in Freescale Semiconductor data sheets and/or specifications can and do vary
in different applications and actual performance may vary over time. All operating parameters,
including “Typicals”, must be validated for each customer application by customer’s technical experts.
Freescale Semiconductor does not convey any license under its patent rights nor the rights of others.
Freescale Semiconductor products are not designed, intended, or authorized for use as components
in systems intended for surgical implant into the body, or other applications intended to support or
sustain life, or for any other application in which the failure of the Freescale Semiconductor product
could create a situation where personal injury or death may occur. Should Buyer purchase or use
Freescale Semiconductor products for any such unintended or unauthorized application, Buyer shall
indemnify and hold Freescale Semiconductor and its officers, employees, subsidiaries, affiliates, and
distributors harmless against all claims, costs, damages, and expenses, and reasonable attorney
fees arising out of, directly or indirectly, any claim of personal injury or death associated with such
unintended or unauthorized use, even if such claim alleges that Freescale Semiconductor was
negligent regarding the design or manufacture of the part.

Freescale™ and the Freescale logo are trademarks of Freescale Semiconductor, Inc. ARM and the
ARM Powered Logo are registered trademarks of ARM Limited. ARM920T is a trademark of ARM
Limited. All other product or service names are the property of their respective owners.

© Freescale Semiconductor, Inc. 2005. All rights reserved.

R/

> freescale

semiconductor



	1 Abstract
	2 Overview of the i.MX EIM
	2.1 EIM Interface Signals
	2.2 i.MX EIM Register Overview
	2.3 Hardware Set-Up for Waveform Capture

	3 EIM External Bus Asynchronous Waveform Examples
	4 References
	5 Revision History

