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USB Universal Serial Bus 2.0 Connectivity 
Peripherals

USBO2 (USB OTG1 and USB OTG2) contains:
 • Two high-speed OTG 2.0 modules with integrated 

HS USB PHYs
 • Support eight Transmit (TX) and eight Receive (Rx) 

endpoints, including endpoint 0

WDOG1
WDOG3

Watch Dog Timer Peripherals The Watch Dog Timer supports two comparison points 
during each counting period. Each of the comparison 
points is configurable to evoke an interrupt to the Arm 
core, and a second point evokes an external event on 
the WDOG line.

WDOG2
(TZ)

Watch Dog (TrustZone) Timer Peripherals The TrustZone Watchdog (TZ WDOG) timer module 
protects against TrustZone starvation by providing a 
method of escaping normal mode and forcing a switch 
to the TZ mode. TZ starvation is a situation where the 
normal OS prevents switching to the TZ mode. Such 
situation is undesirable as it can compromise the 
system’s security. Once the TZ WDOG module is 
activated, it must be serviced by TZ software on a 
periodic basis. If servicing does not take place, the timer 
times out. Upon a time-out, the TZ WDOG asserts a TZ 
mapped interrupt that forces switching to the TZ mode. 
If it is still not served, the TZ WDOG asserts a security 
violation signal to the CSU. The TZ WDOG module 
cannot be programmed or deactivated by a normal 
mode SW.

Table 2. i.MX 6ULL Modules List (continued)

Block Mnemonic Block Name Subsystem Brief Description
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3.1 Special Signal Considerations
Table 3 lists special signal considerations for the i.MX 6ULL processors. The signal names are listed in 
alphabetical order.

The package contact assignments can be found in Section 6, “Package Information and Contact 
Assignments".” Signal descriptions are provided in the i.MX 6ULL Reference Manual (IMX6ULLRM).

Table 3. Special Signal Considerations

Signal Name Remarks

CCM_CLK1_P/ 
CCM_CLK1_N

One general purpose differential high speed clock Input/output is provided.
It can be used:
 • To feed external reference clock to the PLLs and further to the modules inside SoC. 
 • To output internal SoC clock to be used outside the SoC as either reference clock or as a 

functional clock for peripherals.
See the i.MX 6ULL Reference Manual (IMX6ULLRM) for details on the respective clock trees.
Alternatively one may use single ended signal to drive CLK1_P input. In this case corresponding 
CLK1_N input should be tied to the constant voltage level equal 1/2 of the input signal swing.
Termination should be provided in case of high frequency signals.
After initialization, the CLK1 input/output can be disabled (if not used). If unused, either or both of 
the CLK1_N/P pairs may remain unconnected.

RTC_XTALI/RTC_XTALO If the user wishes to configure RTC_XTALI and RTC_XTALO as an RTC oscillator, a 32.768 kHz 
crystal, (100 k ESR, 10 pF load) should be connected between RTC_XTALI and RTC_XTALO. 
Keep in mind the capacitors implemented on either side of the crystal are about twice the crystal 
load capacitor. To hit the exact oscillation frequency, the board capacitors need to be reduced to 
account for board and chip parasitics. The integrated oscillation amplifier is self biasing, but 
relatively weak. Care must be taken to limit parasitic leakage from RTC_XTALI and RTC_XTALO 
to either power or ground (>100 M). This will debias the amplifier and cause a reduction of startup 
margin. Typically RTC_XTALI and RTC_XTALO should bias to approximately 0.5 V.
If it is desired to feed an external low frequency clock into RTC_XTALI the RTC_XTALO pin should 
be remain unconnected or driven with a complimentary signal. The logic level of this forcing clock 
should not exceed VDD_SNVS_CAP level and the frequency should be <100 kHz under typical 
conditions.
In case when high accuracy real time clock are not required, system may use internal low 
frequency ring oscillator. It is recommended to connect RTC_XTALI to GND and keep RTC_XTALO 
unconnected. 

XTALI/XTALO A 24.0 MHz crystal should be connected between XTALI and XTALO. 
The crystal must be rated for a maximum drive level of 250 W. An ESR (equivalent series 
resistance) of typical 80  is recommended. NXP BSP (board support package) software requires 
24 MHz on XTALI/XTALO.
The crystal can be eliminated if an external 24 MHz oscillator is available in the system. In this 
case, XTALO must be directly driven by the external oscillator and XTALI is disconnected.
If this clock is used as a reference for USB, then there are strict frequency tolerance and jitter 
requirements. See OSC24M chapter and relevant interface specifications chapters for details.

DRAM_VREF When using DDR_VREF with DDR I/O, the nominal reference voltage must be half of the 
NVCC_DRAM supply. The user must tie DDR_VREF to a precision external resistor divider. Use a 
1 k 0.5% resistor to GND and a 1 k 0.5% resistor to NVCC_DRAM. Shunt each resistor with a 
closely-mounted 0.1 µF capacitor.

To reduce supply current, a pair of 1.5 k 0.1% resistors can be used. Using resistors with 
recommended tolerances ensures the ± 2% DDR_VREF tolerance (per the DDR3 specification) is 
maintained when two DDR3 ICs plus the i.MX 6ULL are drawing current on the resistor divider.
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Table 5. Recommended Connections for Unused Analog Interfaces

Module Pad Name
Recommendations 

if Unused

CCM CCM_CLK1_N, CCM_CLK1_P Not connect

USB USB_OTG1_CHD_B, USB_OTG1_DN, USB_OTG1_DP, USB_OTG1_VBUS, 
USB_OTG2_DN, USB_OTG2_DP, USB_OTG2_VBUS

Not connect

ADC ADC_VREFH Tie to 
VDDA_ADC_3P3

VDDA_ADC_3P3 VDDA_ADC_3P3 
must be powered 
even if the ADC is 

not used.
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Table 11 shows on-chip LDO regulators that can supply on-chip loads.

4.1.4 External Clock Sources

Each i.MX 6ULL processor has two external input system clocks: a low frequency (RTC_XTALI) and a 
high frequency (XTALI).

The RTC_XTALI is used for low-frequency functions. It supplies the clock for wake-up circuit, 
power-down real time clock operation, and slow system and watch-dog counters. The clock input can be 
connected to either external oscillator or a crystal using internal oscillator amplifier. Additionally, there is 
an internal ring oscillator, which can be used instead of the RTC_XTALI if accuracy is not important.

The system clock input XTALI is used to generate the main system clock. It supplies the PLLs and other 
peripherals. The system clock input can be connected to either external oscillator or a crystal using internal 
oscillator amplifier.

Table 12 shows the interface frequency requirements.

Temperature Operating Ranges

Junction 
temperature

TJ Standard 
Commercial

-40 — 105 oC See i.MX 6ULL Product Lifetime 
Usage Estimates for information on 
product lifetime (power-on years) 
for this processor.

1 Applying the maximum voltage results in maximum power consumption and heat generation. NXP recommends a voltage set 
point = (Vmin + the supply tolerance). This result in an optimized power/speed ratio.

2 Applying the maximum voltage results in shorten lifetime. 3.6 V usage limited to < 1% of the use profile. Rest of profile limited 
to below 3.49 V.

3 In setting VDD_SNVS_IN voltage with regards to Charging Currents and RTC, refer to the i.MX 6ULL Hardware Development 
Guide (IMX6ULLHDG).

Table 11. On-Chip LDOs1 and their On-Chip Loads

1 On-chip LDOs are designed to supply i.MX 6ULL loads and must not be used to supply external loads.

Voltage Source Load Comment

VDD_HIGH_CAP NVCC_DRAM_2P5 Board-level connection to VDD_HIGH_CAP

Table 12. External Input Clock Frequency

Parameter Description Symbol Min Typ Max Unit

RTC_XTALI Oscillator1,2

1 External oscillator or a crystal with internal oscillator amplifier.
2 The required frequency stability of this clock source is application dependent. For recommendations, see the Hardware 

Development Guide for i.MX 6ULL Applications Processors (IMX6ULLHDG).

fckil — 32.7683/32.0

3 Recommended nominal frequency 32.768 kHz.

— kHz

XTALI Oscillator2,4

4 External oscillator or a fundamental frequency crystal with internal oscillator amplifier.

fxtal — 24 — MHz

Table 10. Operating Ranges (continued)
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The typical values shown in Table 12 are required for use with NXP BSPs to ensure precise time keeping 
and USB operation. For RTC_XTALI operation, two clock sources are available.

• On-chip 40 kHz ring oscillator—this clock source has the following characteristics:

— Approximately 25 µA more Idd than crystal oscillator

— Approximately ±50% tolerance

— No external component required

— Starts up quicker than 32 kHz crystal oscillator

• External crystal oscillator with on-chip support circuit:

— At power up, ring oscillator is utilized. After crystal oscillator is stable, the clock circuit 
switches over to the crystal oscillator automatically.

— Higher accuracy than ring oscillator

— If no external crystal is present, then the ring oscillator is utilized

The decision of choosing a clock source should be taken based on real-time clock use and precision 
time-out.

4.1.5 Maximum Supply Currents

The data shown in Table 13 represent a use case designed specifically to show the maximum current 
consumption possible. All cores are running at the defined maximum frequency and are limited to L1 
cache accesses only to ensure no pipeline stalls. Although a valid condition, it would have a very limited 
practical use case, if at all, and be limited to an extremely low duty cycle unless the intention was to 
specifically show the worst case power consumption.

See the i.MX 6ULL Power Consumption Measurement Application Note (AN4581) for more details on 
typical power consumption under various use case definitions. 

Table 13. Maximum Supply Currents

Power Line Conditions Max Current Unit

VDD_SOC_IN 792 MHz Arm clock 
based on Dhrystone 
test

500 mA

VDD_HIGH_IN — 1251 mA

VDD_SNVS_IN — 5002 A

USB_OTG1_VBUS
USB_OTG2_VBUS

— 503 mA

VDDA_ADC_3P3 100 Ohm maximum 
loading for touch panel

35 mA

Primary Interface (IO) Supplies

NVCC_DRAM — (See4) —

NVCC_DRAM_2P5 — 50 mA

NVCC_GPIO N=16 Use maximum IO Equation5 —
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only and should not be used to power any external circuitry. See the i.MX 6ULL Reference Manual 
(IMX6ULLRM) for details on the power tree scheme.

NOTE
The *_CAP signals should not be powered externally. These signals are 
intended for internal LDO operation only.

4.3.1 Digital Regulators (LDO_ARM, LDO_SOC)

There are two digital LDO regulators (“Digital”, because of the logic loads that they drive, not because of 
their construction). The advantages of the regulators are to reduce the input supply variation because of 
their input supply ripple rejection and their on-die trimming. This translates into more stable voltage for 
the on-chip logics. 

These regulators have two basic modes:

• Power Gate. The regulation FET is switched fully off limiting the current draw from the supply. 
The analog part of the regulator is powered down here limiting the power consumption.

• Analog regulation mode. The regulation FET is controlled such that the output voltage of the 
regulator equals the programmed target voltage. The target voltage is fully programmable in 25 mV 
steps.

For additional information, see the i.MX 6ULL Reference Manual (IMX6ULLRM).

4.3.2 Analog Regulators (LDO_1P1, LDO_2P5, and LDO_USB)

4.3.2.1 LDO_1P1

The LDO_1P1 regulator implements a programmable linear-regulator function from VDD_HIGH_IN (see 
Table 10 for minimum and maximum input requirements). Typical Programming Operating Range is 1.0 
V to 1.2 V with the nominal default setting as 1.1 V. The LDO_1P1 supplies the USB PHY, and PLLs. A 
programmable brown-out detector is included in the regulator that can be used by the system to determine 
when the load capability of the regulator is being exceeded to take the necessary steps. Current-limiting 
can be enabled to allow for in-rush current requirements during start-up, if needed. Active-pull-down can 
also be enabled for systems requiring this feature.

For information on external capacitor requirements for this regulator, see the Hardware Development 
Guide for i.MX 6ULL Applications Processors (IMX6ULLHDG).

For additional information, see the i.MX 6ULL Reference Manual (IMX6ULLRM).

4.3.2.2 LDO_2P5

The LDO_2P5 module implements a programmable linear-regulator function from VDD_HIGH_IN (see 
Table 10 for minimum and maximum input requirements). Typical Programming Operating Range is 
2.25 V to 2.75 V with the nominal default setting as 2.5 V. LDO_2P5 supplies the DDR IOs, USB PHY, 
E-fuse module, and PLLs. A programmable brown-out detector is included in the regulator that can be 
used by the system to determine when the load capability of the regulator is being exceeded, to take the 
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4.6 I/O DC Parameters
This section includes the DC parameters of the following I/O types:

• General Purpose I/O (GPIO)

• Double Data Rate I/O (DDR) for LPDDR2 and DDR3/DDR3L modes

NOTE
The term ‘OVDD’ in this section refers to the associated supply rail of an 
input or output.

Figure 3. Circuit for Parameters Voh and Vol for I/O Cells

4.6.1 XTALI and RTC_XTALI (Clock Inputs) DC Parameters

Table 23 shows the DC parameters for the clock inputs.

Crystal Properties 

Cload — 10 pF — Usually crystals can be purchased tuned for different Cloads. This Cload 
value is typically 1/2 of the capacitances realized on the PCB on either side 
of the quartz. A higher Cload will decrease oscillation margin, but 
increases current oscillating through the crystal.

ESR — 50 k 100 k Equivalent series resistance of the crystal. Choosing a crystal with a higher 
value will decrease the oscillating margin.

Table 23. XTALI and RTC_XTALI DC Parameters 1

Parameter Symbol Test Conditions Min Max Unit

XTALI high-level DC input voltage Vih — 0.8 x NVCC_PLL NVCC_PLL V

XTALI low-level DC input voltage Vil — 0 0.2 V

RTC_XTALI high-level DC input voltage Vih — 0.8 1.1 V

RTC_XTALI low-level DC input voltage Vil — 0 0.2 V

Table 22. OSC32K Main Characteristics

Min Typ Max Comments 
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WE4 Clock rise to 
address valid3

-0.5 x t - 
1.25

-0.5 x t + 1.75 -t - 1.25 -t + 1.75 -1.5 x t - 
1.25

-1.5 x t 
+1.75

-2 x t - 
1.25

-2 x t + 1.75

WE5 Clock rise to 
address invalid

0.5 x t - 
1.25

0.5 x t + 1.75 t - 1.25  t + 1.75 1.5 x t - 
1.25

1.5 x t 
+1.75

2 x t - 
1.25

2 x t + 1.75

WE6 Clock rise to 
EIM_CSx_B valid

-0.5 x t - 
1.25

-0.5 x t + 1.75 -t - 1.25 - t + 1.75 -1.5 x t - 
1.25

-1.5 x t 
+1.75

-2 x t - 
1.25

-2 x t + 1.75

WE7 Clock rise to 
EIM_CSx_B invalid

0.5 x t - 
1.25

0.5 x t + 1.75 t - 1.25  t + 1.75 1.5 x t - 
1.25

1.5 x t 
+1.75

2 x t - 
1.25

2 x t + 1.75

WE8 Clock rise to 
EIM_WE_B Valid

-0.5 x t - 
1.25

-0.5 x t + 1.75 -t - 1.25 - t + 1.75 -1.5 x t - 
1.25

-1.5 x t 
+1.75

-2 x t - 
1.25

-2 x t + 1.75

WE9 Clock rise to 
EIM_WE_B Invalid

0.5 x t - 
1.25

0.5 x t + 1.75 t - 1.25  t + 1.75 1.5 x t - 
1.25

1.5 x t 
+1.75

2 x t - 
1.25

2 x t + 1.75

WE10 Clock rise to 
EIM_OE_B Valid

-0.5 x t - 
1.25

-0.5 x t + 1.75 -t - 1.25 - t + 1.75 -1.5 x t - 
1.25

-1.5 x t 
+1.75

-2 x t - 
1.25

-2 x t + 1.75

WE11 Clock rise to 
EIM_OE_B Invalid

0.5 x t - 
1.25

0.5 x t + 1.75 t - 1.25  t + 1.75 1.5 x t - 
1.25

1.5 x t 
+1.75

2 x t - 
1.25

2 x t + 1.75

WE12 Clock rise to 
EIM_EBx_B Valid

-0.5 x t - 
1.25

-0.5 x t + 1.75 -t - 1.25 - t + 1.75 -1.5 x t - 
1.25

-1.5 x t 
+1.75

-2 x t - 
1.25

-2 x t + 1.75

WE13 Clock rise to 
EIM_EBx_B Invalid

0.5 x t - 
1.25

0.5 x t + 1.75 t - 1.25  t + 1.75 1.5 x t - 
1.25

1.5 x t 
+1.75

2 x t - 
1.25

2 x t + 1.75

WE14 Clock rise to 
EIM_LBA_B Valid

-0.5 x t - 
1.25

-0.5 x t + 1.75 -t - 1.25 - t + 1.75 -1.5 x t - 
1.25

-1.5 x t 
+1.75

-2 x t - 
1.25

-2 x t + 1.75

WE15 Clock rise to 
EIM_LBA_B Invalid

0.5 x t - 
1.25

0.5 x t + 1.75 t - 1.25  t + 1.75 1.5 x t - 
1.25

1.5 x t 
+1.75

2 x t - 
1.25

2 x t + 1.75

WE16 Clock rise to 
Output Data Valid

-0.5 x t - 
1.25

-0.5 x t + 1.75 -t - 1.25 - t + 1.75 -1.5 x t - 
1.25

-1.5 x t 
+1.75

-2 x t - 
1.25

-2 x t + 1.75

WE17 Clock rise to 
Output Data Invalid

0.5 x t - 
1.25

0.5 x t + 1.75 t - 1.25  t + 1.75 1.5 x t - 
1.25

1.5 x t 
+1.75

2 x t - 
1.25

2 x t + 1.75

WE18 Input Data setup 
time to Clock rise

2 — 4 — — — — —

WE19 Input Data hold 
time from Clock 
rise

2 — 2 — — — — —

WE20 EIM_WAIT_B 
setup time to Clock 
rise

2 — 4 — — — — —

WE21 EIM_WAIT_B hold 
time from Clock 
rise

2 — 2 — — — — —

Table 39. EIM Bus Timing Parameters (continued)1

ID Parameter
BCD = 0 BCD = 1 BCD = 2 BCD = 3

Min Max Min Max Min Max Min Max
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Figure 11 to Figure 14 provide few examples of basic EIM accesses to external memory devices with the 
timing parameters mentioned previously for specific control parameters settings.

Figure 11. Synchronous Memory Read Access, WSC=1

1 t is the maximum EIM logic (axi_clk) cycle time. The maximum allowed axi_clk frequency depends on the fixed/non-fixed 
latency configuration, whereas the maximum allowed EIM_BCLK frequency is:

—Fixed latency for both read and write is 132 MHz.
—Variable latency for read only is 132 MHz.

—Variable latency for write only is 52 MHz.

In variable latency configuration for write, if BCD = 0 & WBCDD = 1 or BCD = 1, axi_clk must be 104 MHz. Write BCD = 1 and 
104 MHz axi_clk, will result in an EIM_BCLK of 52 MHz. When the clock branch to EIM is decreased to 104 MHz, other buses 
are impacted which are clocked from this source. See the CCM chapter of the i.MX 6ULL Reference Manual (IMX6ULLRM) for 
a detailed clock tree description.

2 EIM_BCLK parameters are being measured from the 50% point, that is, high is defined as 50% of signal value and low is 
defined as 50% as signal value.

3 For signal measurements, “High” is defined as 80% of signal value and “Low” is defined as 20% of signal value.
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D(v1)

EIM_BCLK
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EIM_DATAxx

EIM_WE_B

EIM_LBA_B

EIM_OE_B

EIM_EBx_B

EIM_CSx_B

WE4 WE5

WE6 WE7

WE10 WE11 

WE13WE12

WE14
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Figure 14. 16-Bit Muxed A/D Mode, Synchronous Read Access, WSC=7, RADVN=1, ADH=1, OEA=0

4.9.3.4 General EIM Timing-Asynchronous Mode

Figure 15 through Figure 19, and Table 40 help to determine timing parameters relative to the chip select 
(CS) state for asynchronous and DTACK EIM accesses with corresponding EIM bit fields and the timing 
parameters mentioned above.

Asynchronous read & write access length in cycles may vary from what is shown in Figure 15 through 
Figure 18 as RWSC, OEN and CSN is configured differently. See the i.MX 6ULL Reference Manual 
(IMX6ULLRM) for the EIM programming model.

Figure 15. Asynchronous Memory Read Access (RWSC = 5)
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Figure 16. Asynchronous A/D Muxed Read Access (RWSC = 5)

Figure 17. Asynchronous Memory Write Access

Addr. V1 D(V1)
EIM_ADDRxx/

EIM_WE_B

EIM_LBA_B

EIM_OE_B

EIM_EBx_B

EIM_CSx_B

WE39

WE35A

WE37

WE36

WE38

WE40A

WE31

WE44

INT_CLK

start of
access

end of
access

MAXDI

MAXCSO

MAXCO

WE32A

EIM_ADxx

EIM_WE_B

EIM_OE_B

EIM_EBx_B

EIM_CSx_B

WE33

WE45

WE34

WE46

Addr. V1 D(V1)
EIM_ADDRxx/ WE31

WE42

WE41

WE32AEIM_DATAxx

EIM_LBA_B WE39
WE40A



i.MX 6ULL Applications Processors for Industrial Products, Rev. 1.2, 11/2017

70 NXP Semiconductors

Electrical Characteristics

4.12.2.2 ECSPI Slave Mode Timing

Figure 36 depicts the timing of ECSPI in slave mode. Table 48 lists the ECSPI slave mode timing 
characteristics.

Figure 36. ECSPI Slave Mode Timing Diagram

4.12.3 Enhanced Serial Audio Interface (ESAI) Timing Parameters

The ESAI consists of independent transmitter and receiver sections, each section with its own clock 
generator. Table 49 shows the interface timing values. The number field in the table refers to timing signals 
found in Figure 37 and Figure 38.

Table 48. ECSPI Slave Mode Timing Parameters

ID Parameter Symbol Min Max Unit

CS1 ECSPIx_SCLK Cycle Time–Read
ECSPI_SCLK Cycle Time–Write

tclk 15
43

— ns

CS2 ECSPIx_SCLK High or Low Time–Read
ECSPIx_SCLK High or Low Time–Write

tSW 7
21.5

— ns

CS4 ECSPIx_SS_B pulse width tCSLH Half ECSPIx_SCLK period — ns

CS5 ECSPIx_SS_B Lead Time (CS setup time) tSCS 5 — ns

CS6 ECSPIx_SS_B Lag Time (CS hold time) tHCS 5 — ns

CS7 ECSPIx_MOSI Setup Time tSmosi 4 — ns

CS8 ECSPIx_MOSI Hold Time tHmosi 4 — ns

CS9 ECSPIx_MISO Propagation Delay (CLOAD = 20 pF) tPDmiso 4 19 ns

CS1

CS7 CS8

CS2

CS2

CS4

CS6 CS5

CS9

ECSPIx_SCLK

ECSPIx_SS_B

ECSPIx_MISO

ECSPIx_MOSI
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81 ESAI_TX_CLK rising edge to ESAI_TX_FS out (wr) low5 —
—

—
—

—
—

22.0
12.0

x ck
i ck

ns

82 ESAI_TX_CLK rising edge to ESAI_TX_FS out (wl) high —
—

—
—

—
—

19.0
9.0

x ck
i ck

ns

83 ESAI_TX_CLK rising edge to ESAI_TX_FS out (wl) low —
—

—
—

—
—

20.0
10.0

x ck
i ck

ns

84 ESAI_TX_CLK rising edge to data out enable from high 
impedance

—
—

—
—

—
—

22.0
17.0

x ck
i ck

ns

85 ESAI_TX_CLK rising edge to transmitter #0 drive enable 
assertion

—
—

—
—

—
—

17.0
11.0

x ck
i ck

ns

86 ESAI_TX_CLK rising edge to data out valid —
—

—
—

—
—

18.0
13.0

x ck
i ck

ns

87 ESAI_TX_CLK rising edge to data out high impedance 67 —
—

—
—

—
—

21.0
16.0

x ck
i ck

ns

88 ESAI_TX_CLK rising edge to transmitter #0 drive enable 
deassertion7

— — —
—

14.0
9.0

x ck
i ck

ns

89 ESAI_TX_FS input (bl, wr) setup time before 
ESAI_TX_CLK falling edge5

—
—

—
—

2.0
18.0

—
—

x ck
i ck

ns

90 ESAI_TX_FS input (wl) setup time before ESAI_TX_CLK 
falling edge

—
—

—
—

2.0
18.0

—
—

x ck
i ck

ns

91 ESAI_TX_FS input hold time after ESAI_TX_CLK falling 
edge

—
—

—
—

4.0
5.0

—
—

x ck
i ck

ns

92 ESAI_TX_FS input (wl) to data out enable from high 
impedance

— — — 21.0 — ns

93 ESAI_TX_FS input (wl) to transmitter #0 drive enable 
assertion

— — — 14.0 — ns

94 Flag output valid after ESAI_TX_CLK rising edge — — —
—

14.0
9.0

x ck
i ck

ns

95 ESAI_RX_HF_CLK/ESAI_TX_HF_CLK clock cycle — 2 x TC 15 — — ns

96 ESAI_TX_HF_CLK input rising edge to ESAI_TX_CLK 
output

— — — 18.0 — ns

97 ESAI_RX_HF_CLK input rising edge to ESAI_RX_CLK 
output

— — — 18.0 — ns

1 i ck = internal clock
x ck = external clock
i ck a = internal clock, asynchronous mode 
(asynchronous implies that ESAI_TX_CLK and ESAI_RX_CLK are two different clocks)
i ck s = internal clock, synchronous mode 
(synchronous implies that ESAI_TX_CLK and ESAI_RX_CLK are the same clock)

Table 49. Enhanced Serial Audio Interface (ESAI) Timing (continued)

No.
Characteristics1,2

Symbol Expression2 Min Max Condition3 Unit 
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Figure 57. SAI Timing — Master Modes

S5 SAI_BCLK to SAI_FS output valid — 15 ns

S6 SAI_BCLK to SAI_FS output invalid 0 — ns

S7 SAI_BCLK to SAI_TXD valid — 15 ns

S8 SAI_BCLK to SAI_TXD invalid 0 — ns

S9 SAI_RXD/SAI_FS input setup before SAI_BCLK 15 — ns

S10 SAI_RXD/SAI_FS input hold after SAI_BCLK 0 — ns

Table 69. Master Mode SAI Timing

Num Characteristic Min Max Unit

S11 SAI_BCLK cycle time (input) 4 x tsys — ns

S12 SAI_BCLK pulse width high/low (input) 40% 60% BCLK period

S13 SAI_FS input setup before SAI_BCLK 10 — ns

S14 SAI_FA input hold after SAI_BCLK 2 — ns

S15 SAI_BCLK to SAI_TXD/SAI_FS output valid — 20 ns

S16 SAI_BCLK to SAI_TXD/SAI_FS output invalid 0 — ns

S17 SAI_RXD setup before SAI_BCLK 10 — ns

S18 SAI_RXD hold after SAI_BCLK 2 — ns

Table 68. Master Mode SAI Timing (continued)

Num Characteristic Min Max Unit
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NAND_READY_B qspi.A_DATA[0] Alt2 Yes Yes

NAND_CE0_B qspi.A_DATA[1] Alt2 Yes Yes

NAND_CE1_B qspi.A_DATA[2] Alt2 Yes Yes

NAND_CLE qspi.A_DATA[3] Alt2 Yes Yes

NAND_DATA05 qspi.B_DATA[3] Alt2 Yes

NAND_DATA04 qspi.B_DATA[2] Alt2 Yes

NAND_DATA03 qspi.B_DATA[1] Alt2 Yes

NAND_DATA02 qspi.B_DATA[0] Alt2 Yes

NAND_WE_B qspi.B_SS0_B Alt2 Yes

NAND_RE_B qspi.B_SCLK Alt2 Yes

NAND_DATA07 qspi.A_SS1_B Alt2 Yes

NAND_ALE qspi.A_DQS Alt2 Yes

NAND_DATA00 qspi.B_SS1_B Alt2 Yes

NAND_DATA01 qspi.B_DQS Alt2 Yes

Table 80. SPI Boot through ECSPI1

Ball Name Signal Name
Mux 

Mode
Common

BOOT_CFG4
[5:4]=00b

BOOT_CFG4
[5:4]=01b

BOOT_CFG4
[5:4]=10b

BOOT_CFG4
[5:4]=11b

CSI_DATA07 ecspi1.MISO Alt 3 Yes

CSI_DATA06 ecspi1.MOSI Alt 3 Yes

CSI_DATA04 ecspi1.SCLK Alt 3 Yes

CSI_DATA05 ecspi1.SS0 Alt 3 Yes

LCD_DATA05 ecspi1.SS1 Alt 8 Yes

LCD_DATA06 ecspi1.SS2 Alt 8 Yes

LCD_DATA07 ecspi1.SS3 Alt 8 Yes

Table 81. SPI Boot through ECSPI2

Ball Name Signal Name Mux Mode Common
BOOT_CFG
4[5:4]=00b

BOOT_CFG4
[5:4]=01b

BOOT_CFG4
[5:4]=10b

BOOT_CFG4
[5:4]=11b

CSI_DATA03 ecspi2.MISO Alt 3 Yes

CSI_DATA02 ecspi2.MOSI Alt 3 Yes

CSI_DATA00 ecspi2.SCLK Alt 3 Yes

CSI_DATA01 ecspi2.SS0 Alt 3 Yes

LCD_HSYNC ecspi2.SS1 Alt 8 Yes

Table 79. QSPI Boot trough QSPI (continued)
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SNVS_PMIC_ON_REQ T9 VDD_SNVS_IN GPIO ALT0 SNVS_PMIC_ON_REQ Output 100 k 
pull-up

SNVS_TAMPER0 R10 VDD_SNVS_IN GPIO ALT5 GPIO5_IO00/SNVS_TAMPE
R01

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER1 R9 VDD_SNVS_IN GPIO ALT5 GPIO5_IO01/SNVS_TAMPE
R11

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER2 P11 VDD_SNVS_IN GPIO ALT5 GPIO5_IO02/SNVS_TAMPE
R21

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER3 P10 VDD_SNVS_IN GPIO ALT5 GPIO5_IO03/SNVS_TAMPE
R31

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER4 P9 VDD_SNVS_IN GPIO ALT5 GPIO5_IO04/SNVS_TAMPE
R41

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER5 N8 VDD_SNVS_IN GPIO ALT5 GPIO5_IO05/SNVS_TAMPE
R51

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER6 N11 VDD_SNVS_IN GPIO ALT5 GPIO5_IO06/SNVS_TAMPE
R61

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER7 N10 VDD_SNVS_IN GPIO ALT5 GPIO5_IO07/SNVS_TAMPE
R71

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER8 N9 VDD_SNVS_IN GPIO ALT5 GPIO5_IO08/SNVS_TAMPE
R81

Input Keeper/N
ot 

connecte
d1,2

SNVS_TAMPER9 R6 VDD_SNVS_IN GPIO ALT5 GPIO5_IO09/SNVS_TAMPE
R91

Input Keeper/N
ot 

connecte
d1,2

TEST_MODE N7 VDD_SNVS_IN TCU ALT0 TCU_TEST_MODE Input Keeper

UART1_CTS_B K15 NVCC_UART GPIO ALT5 GPIO1_IO18 Input Keeper

UART1_RTS_B J14 NVCC_UART GPIO ALT5 GPIO1_IO19 Input Keeper

UART1_RX_DATA K16 NVCC_UART GPIO ALT5 GPIO1_IO17 Input Keeper

Table 91. 14 x 14 mm Functional Contact Assignments (continued)
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6.1.3 14 x 14 mm, 0.8 mm Pitch, Ball Map

Table 92 shows the 14 x 14 mm, 0.8 mm pitch ball map for the i.MX 6ULL.
Table 92. 14 x 14 mm, 0.8 mm Pitch, Ball Map
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Figure 71. 9 x 9 mm BGA, Case x Package Top, Bottom, and Side Views
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UART2_CTS_B J17 NVCC_UART GPIO ALT5 GPIO1_IO22 Input Keeper

UART2_RTS_B J14 NVCC_UART GPIO ALT5 GPIO1_IO23 Input Keeper

UART2_RX_DATA K16 NVCC_UART GPIO ALT5 GPIO1_IO21 Input Keeper

UART2_TX_DATA L16 NVCC_UART GPIO ALT5 GPIO1_IO20 Input Keeper

UART3_CTS_B H16 NVCC_UART GPIO ALT5 GPIO1_IO26 Input Keeper

UART3_RTS_B H15 NVCC_UART GPIO ALT5 GPIO1_IO27 Input Keeper

UART3_RX_DATA K15 NVCC_UART GPIO ALT5 GPIO1_IO25 Input Keeper

UART3_TX_DATA K17 NVCC_UART GPIO ALT5 GPIO1_IO24 Input Keeper

UART4_RX_DATA H17 NVCC_UART GPIO ALT5 GPIO1_IO29 Input Keeper

UART4_TX_DATA J16 NVCC_UART GPIO ALT5 GPIO1_IO28 Input Keeper

UART5_RX_DATA J13 NVCC_UART GPIO ALT5 GPIO1_IO31 Input Keeper

UART5_TX_DATA K13 NVCC_UART GPIO ALT5 GPIO1_IO30 Input Keeper

USB_OTG1_CHD_B T15 OPEN DRAIN GPIO — USB_OTG1_CHD_B — —

USB_OTG1_DN R11 VDD_USB_CAP ANAL
OG

— USB_OTG1_DN — —

USB_OTG1_DP P11 VDD_USB_CAP ANAL
OG

— USB_OTG1_DP — —

USB_OTG1_VBUS T9 USB_VBUS VBUS 
POWE

R

— USB_OTG1_VBUS — —

USB_OTG2_DN T10 VDD_USB_CAP ANAL
OG

— USB_OTG2_DN — —

USB_OTG2_DP U10 VDD_USB_CAP ANAL
OG

— USB_OTG2_DP — —

USB_OTG2_VBUS U9 USB_VBUS VBUS 
POWE

R

— USB_OTG2_VBUS — —

XTALI T14 NVCC_PLL ANAL
OG

— XTALI — —

XTALO U14 NVCC_PLL ANAL
OG

— XTALO — —

1 SNVS_TAMPER0 to SNVS_TAMPER9 can be configured as GPIO or tamper detection pin, it is depending on the fuse setting 
TAMPER_PIN_DISABLE[1:0]. When the pad is configured as GPIO, the value is keeper out of reset.

2 SNVS_TAMPER0 to SNVS_TAMPER9 is input unconnected in the following conditions.

—SNVS low power mode when configured as GPIO

—Tamper functions are not used when configured as TAMPER detection pins

It is required to connect external 1M Ohm pull-up or pull-down resistors to the pad to avoid the undesired leakage under two 
conditions above.

Table 94. 9 x 9 mm Functional Contact Assignments (continued)




