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Architectural Overview

2 Architectural Overview

The following subsections provide an architectural overview of the i.MX 6Dual/6Quad processor system.

2.1 Block Diagram

Figure 2 shows the functional modules in the .MX 6Dual/6Quad processor system.
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Figure 2. i.MX 6Dual/6Quad Automotive Grade System Block Diagram
NOTE

The numbers in brackets indicate number of module instances. For example,
PWM (4) indicates four separate PWM peripherals.
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4.1.3

Operating Ranges

Electrical Characteristics

Table 6 provides the operating ranges of the .MX 6Dual/6Quad processors.

Table 6. Operating Ranges

Parameter . 1 . 2
Description Symbol Min Typ Max Unit Comment
Run mode: VDD_ARM_IN 1.35% — 1.5 V  |LDO Output Set Point (VDD_ARM_CAP®) of
LDO enabled VDD_ARM23_IN® 1.225 V minimum for operation up to 852 MHz
or 996 MHz (depending on the device speed
grade).
1.275% | — 15 V  |LDO Output Set Point (VDD_ARM_CAP®) of
1.150 V minimum for operation up to 792 MHz.
1.05% — 1.5 V |LDO Output Set Point (VDD_ARM_CAP®) of
0.925 V minimum for operation up to 396 MHz.
VDD_SOC_IN® 1.350% — 1.5 V  |264 MHz < VPU < 352 MHz; VDDSOC and
VDDPU LDO outputs (VDD_SOC_CAP and
VDD_PU_CAP) require 1.225 V minimum.
1.275%7 | — 1.5 V  |VPU <264 MHz; VDDSOC and VDDPU LDO
outputs (VDD_SOC_CAP and VDD_PU_CAP)
require 1.15 V minimum.
Run mode: VDD_ARM_IN 1.225 — 1.3 V  |LDO bypassed for operation up to 852 MHz or
LDO bypassed® VDD_ARM23_IN® 996 MHz (depending on the device speed
grade).
1.150 — 1.3 V  |LDO bypassed for operation up to 792 MHz.
0.925 — 1.3 V  |LDO bypassed for operation up to 396 MHz.
VDD_SOC_IN® 1.225 — 1.3 V  [264 MHz < VPU < 352 MHz
1.15 — 1.3 V |VPU <264 MHz
Standby/DSM mode VDD_ARM_IN 0.9 — 1.3 V |See Table 9, “Stop Mode Current and Power
VDD_ARM23_IN3 Consumption.” on page 28.
VDD_SOC_IN 0.9 — 1.3 \
VDD_HIGH internal VDD_HIGH_IN® 2.7 — 3.3 V  |Must match the range of voltages that the
regulator rechargeable backup battery supports.
Backup battery supply| VDD_SNVS_IN® 2.8 — 3.3 V  |Should be supplied from the same supply as
range VDD_HIGH_IN, if the system does not require
keeping real time and other data on OFF state.
USB supply voltages | USB_OTG_VBUS 4.4 — 5.25 \Y —
USB_H1_VBUS 4.4 — 5.25 \' —
DDR 1/O supply NVCC_DRAM 1.14 1.2 1.3 V |LPDDR2
1.425 1.5 1.575 V |DDR3
1.283 1.35 1.45 V |DDR3L
Supply for RGMII I/0 NVCC_RGMII 1.15 — 2.625 V |* 115V -1.30VinHSIC 1.2V mode

power group'?

* 1.43V -1.58Vin RGMII 1.5V mode
* 1.70V-1.90 V in RGMII 1.8 V mode
e 225V —-2.625V in RGMII 2.5 V mode
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Electrical Characteristics

*  When the PCIE interface is not used, the PCIE_VP, PCIE_VPH, and PCIE_VPTX supplies should
be grounded. The input and output supplies for rest of the ports (PCIE_REXT, PCIE RX N,
PCIE RX P,PCIE TX N, and PCIE TX P) can remain unconnected. It is recommended not to
turn the PCIE_VPH supply OFF while the PCIE VP supply is ON, as it may lead to excessive
power consumption. If boundary scan test is used, PCIE_VP, PCIE_VPH, and PCIE_VPTX must
remain powered.

4.3 Integrated LDO Voltage Regulator Parameters

Various internal supplies can be powered ON from internal LDO voltage regulators. All the supply pins
named * CAP must be connected to external capacitors. The onboard LDOs are intended for internal use
only and should not be used to power any external circuitry. See the . MX 6Dual/6Quad reference manual
(IMX6DQRM) for details on the power tree scheme recommended operation.

NOTE

The * CAP signals should not be powered externally. These signals are
intended for internal LDO or LDO bypass operation only.

4.3.1 Digital Regulators (LDO_ARM, LDO_PU, LDO_SOC)

There are three 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 voltage for the die
producing higher operating frequencies. These regulators have three basic modes.

» Bypass. The regulation FET is switched fully on passing the external voltage, DCDC LOW, to the
load unaltered. The analog part of the regulator is powered down in this state, removing any loss
other than the IR drop through the power grid and FET.

» 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.

Optionally LDO SOC/VDD_SOC CAP can be used to power the HDMI, PCle, and SATA PHY's through
external connections.

For additional information, see the .M X 6Dual/6Quad reference manual (IMX6DQRM).

4.3.2 Regulators for Analog Modules

4.3.2.1 LDO_1P1/NVCC_PLL_OUT

The LDO_1P1 regulator implements a programmable linear-regulator function from VDD HIGH_IN (see
Table 6 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 24 MHz oscillator, PLLs,
and USB PHY. A programmable brown-out detector is included in the regulator that can be used by the
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Electrical Characteristics

CAUTION

The internal RTC oscillator does not provide an accurate frequency and is
affected by process, voltage, and temperature variations. NXP strongly
recommends using an external crystal as the RTC_XTALI reference. If the
internal oscillator is used instead, careful consideration must be given to the
timing implications on all of the SoC modules dependent on this clock.

The OSC32k runs from VDD SNVS CAP, which comes from the VDD HIGH IN/VDD SNVS IN
power mux.

Table 20. OSC32K Main Characteristics

Parameter | Min Typ Max Comments
Fosc — | 32.768 kHz — This frequency is nominal and determined mainly by the crystal selected. 32.0 K
would work as well.
Current — 4 nA — The typical value shown is only for the oscillator, driven by an external crystal.
consumption If the internal ring oscillator is used instead of an external crystal, then

approximately 25 pA must be added to this value.

Bias resistor | — 14 MQ — This the integrated bias resistor that sets the amplifier into a high gain state. Any
leakage through the ESD network, external board leakage, or even a scope probe
that is significant relative to this value will debias the amplifier. The debiasing will
result in low gain, and will impact the circuit's ability to start up and maintain
oscillations.

Target 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 kQ 100 kQ | Equivalent series resistance of the crystal. Choosing a crystal with a higher value
will decrease the oscillating margin.

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
« LVDST/O
+ MLBI/O

NOTE

The term ‘OVDD’ in this section refers to the associated supply rail of an
input or output.
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4.9.3.4 General EIM Timing-Asynchronous Mode

Electrical Characteristics

Figure 18 through Figure 22 and Table 42 provide 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 and write access length in cycles may vary from what is shown in Figure 18 through
Figure 21 as RWSC, OEN & CSN is configured differently. See the .M X 6Dual/6Quad reference manual
(IMX6DQRM) for the EIM programming model.

start of end of
access access
Y
INT.CLK /A /NN S
MAXCSO
EIM_CSx_B
EIM_ADDRXxx/ _ WE31 >  « WE32—» |«
EIM_ADxx Last Valid Address Address V1 Next Address
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WE39 -+ = e
EIM_LBA_B WE40
WE35 > = o < WE3s
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WE37 » = o <wEss
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<-—MAXDI—™

Figure 18. Asynchronous Memory Read Access (RWSC = 5)
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Electrical Characteristics

4.11.2 Source Synchronous Mode AC Timing (ONFI 2.x Compatible)

Figure 29 shows the write and read timing of Source Synchronous mode.
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Figure 29. Source Synchronous Mode Command and Address Timing Diagram
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Electrical Characteristics

4.12.4.4 Bus Operation Condition for 3.3 V and 1.8 V Signaling

Signalling level of SD/eMMC4.3 and eMMC4.4/4.41 modes is 3.3 V. Signalling level of SDR104/SDR50
mode is 1.8 V. The DC parameters for the NVCC _SD1, NVCC _SD2, and NVCC _SD3 supplies are
identical to those shown in Table 22, “GPIO I/O DC Parameters,” on page 40.

4.12.5 Ethernet Controller (ENET) AC Electrical Specifications

4.12.5.1 ENET MIl Mode Timing

This subsection describes MII receive, transmit, asynchronous inputs, and serial management signal

timings.

4.12.5.1.1 MIl Receive Signal Timing (ENET_RX_DATA3,2,1,0, ENET_RX_EN,
ENET_RX_ER, and ENET_RX_CLK)

The receiver functions correctly up to an ENET RX CLK maximum frequency of 25 MHz + 1%. There
is no minimum frequency requirement. Additionally, the processor clock frequency must exceed twice the
ENET RX CLK frequency.

Figure 42 shows MII receive signal timings. Table 53 describes the timing parameters (M1-M4) shown in

the figure.

ENET_RX_CLK (input) 7

ENET_RX_DATA3,2,1,0

®

ENET_RX_EN
ENET_RX_ER

Figure 42. MIl Receive Signal Timing Diagram

Table 53. MIl Receive Signal Timing

ID Characteristic' Min Max Unit
M1 ENET_RX_DATA3,2,1,0, ENET_RX_EN, ENET_RX_ER to 5 — ns
ENET_RX_CLK setup
M2 ENET_RX_CLK to ENET_RX_DATA3,2,1,0, ENET_RX_EN, 5 — ns
ENET_RX_ER hold
M3 ENET_RX_CLK pulse width high 35% 65% ENET_RX_CLK period
M4 ENET_RX_CLK pulse width low 35% 65% ENET_RX_CLK period

1 ENET_RX_EN, ENET_RX_CLK, and ENETO_RXDO have the same timing in 10 Mbps 7-wire interface mode.
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4.12.10.1 IPU Sensor Interface Signal Mapping

Electrical Characteristics

The IPU supports a number of sensor input formats. Table 62 defines the mapping of the Sensor Interface
Pins used for various supported interface formats.

Table 62. Camera Input Signal Cross Reference, Format, and Bits Per Cycle

Sianal RGB565 | RGB565> | RGB666° | RGB888 | YCbCr* | RGB565° | YCbCr® | YCbCr’ | YCbCr®
Nagme1 8 bits 8 bits 8 bits 8 bits 8 bits 16 bits 16 bits 16 bits 20 bits
2 cycles 3 cycles 3cycles | 3cycles | 2cycles | 1cycle 1 cycle 1 cycle 1 cycle
IPUx_CSIx_ — — — — — — — 0 C[0]
DATAQ0
IPUx_CSIx_ — — — —_ _ _ _ 0 Cl]
DATAO1
IPUx_CSIx_ — — — — — — — C[0] Cl[2]
DATAOQ2
IPUx_CSIx_ — — — — — — — C[1] C[3]
DATAO03
IPUx_CSIx_ — — — — — B[0] C[0] C[2] Cl[4]
DATAO4
IPU2_CSiIx_ — — — — — B[1] C[1] C[3] C[5]
DATA_05
IPUx_CSIx_ — — — — — B[2] Cl[2] Cl[4] C[6]
DATA06
IPUx_CSIx_ — — — — — B[3] C[3] C[5] C[7]
DATAQ7
IPUx_CSIx_ — — — — — B[4] C[4] C[e] C[8]
DATAO08
IPUx_CSIx_ — — — — — GI[0] C[5] C[7] C[9]
DATAO09
IPUx_CSIx_ — — — — — G[1] C[6] 0 Y[0]
DATA10
IPUx_CSIx_ — — — — — G[2] C[7] 0 Y[1]
DATA11
IPUx_CSIx_ | B[0], G[3] | R[2],G[4],B[2] | R/G/B[4] | R/G/B[0] Y/CI[O0] GI[3] Y[0] Y[0] Y[2]
DATA12
IPUx_CSIx_ | B[1], G[4] | R[3],G[5],B[3] | R/G/B[5] | R/G/B[1] Y/C[1] G[4] Y[1] Y[1] Y[3]
DATA13
IPUx_CSIx_ | B[2], G[5] | R[4],G[0],B[4] | R/G/B[0] | R/G/B[2] Y/C[2] GI[5] Y[2] Y[2] Y[4]
DATA14
IPUx_CSIx_ | B[3], R[0] | R[0],G[1],B[0] | R/G/B[1] | R/G/B[3] Y/C[3] R[0] Y[3] Y[3] Y[5]
DATA15
IPUx_CSIx_ | B[4], R[1] | R[1],G[2],B[1]| R/G/B[2] | R/G/B[4] Y/Cl[4] R[1] Y[4] Y[4] Y[6]
DATA16
IPUx_CSIx_ | G[0], R[2] | R[2],G[3],B[2] | R/G/B[3] | R/G/B[5] Y/C[5] R[2] Y[5] Y[5] Y[7]
DATA17
IPUx_CSIx_ | G[1], R[3] | R[3],G[4],B[3] | R/G/B[4] | R/G/B[6] Y/C[6] R[3] Y[6] Y[6] Y[8]
DATA18
IPUx_CSIx_ | G[2], R[4] | R[4],G[5],B[4] | R/G/B[5] | R/G/B[7] Y/C[7] R[4] Y[7] Y[7] Y[9]
DATA19
1 |PU2_CSiIx stands for IPU2_CSI1 or IPU2_CSI2.
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Electrical Characteristics

4.12.10.6.2 LCD Interface Functional Description

Figure 62 depicts the LCD interface timing for a generic active matrix color TFT panel. In this figure,

signals are shown with negative polarity. The sequence of events for active matrix interface timing is:
» DI CLK internal DI clock is used for calculation of other controls.

« IPP DISP CLK latches data into the panel on its negative edge (when positive polarity is
selected). In active mode, IPP_DISP_CLK runs continuously.

*  HSYNC causes the panel to start a new line. (Usually IPUx_DIx_PINO02 is used as HSYNC.)

*  VSYNC causes the panel to start a new frame. It always encompasses at least one HSYNC pulse.
(Usually [IPUx_DIx PINO3 is used as VSYNC.)

* DRDY acts like an output enable signal to the CRT display. This output enables the data to be
shifted onto the display. When disabled, the data is invalid and the trace is off.
(DRDY can be used either synchronous or asynchronous generic purpose pin as well.)

pun) :
U iunet1 Uines Uines Uinea LUne nt Uuinen U
(" hswe 1 \_l—\
DRDY ———— -
T e B N e B B S AR S A S s U s B
\_ IPP.DATA DO X X! k¢ X p; X X XX

Figure 62. Interface Timing Diagram for TFT (Active Matrix) Panels

4.12.10.6.3 TFT Panel Sync Pulse Timing Diagrams

Figure 63 depicts the horizontal timing (timing of one line), including both the horizontal sync pulse and
the data. All the parameters shown in the figure are programmable. All controls are started by
corresponding internal events—Ilocal start points. The timing diagrams correspond to inverse polarity of
the IPP_DISP_ CLK signal and active-low polarity of the HSYNC, VSYNC, and DRDY signals.
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Electrical Characteristics

Table 65 shows timing characteristics of signals presented in Figure 63 and Figure 64.

Table 65. Synchronous Display Interface Timing Characteristics (Pixel Level)

Parameter

Symbol

Value

Description

Unit

IP5

Display interface clock period

Tdicp

(see')

Display interface clock IPP_DISP_CLK

ns

IP6

Display pixel clock period

Tdpcp

DISP_CLK_PER_PIXEL
X Tdicp

Time of translation of one pixel to display,
DISP_CLK_PER_PIXEL—number of pixel
components in one pixel (1.n).

The DISP_CLK_PER_PIXEL is virtual
parameter to define display pixel clock
period.

The DISP_CLK_PER_PIXEL is received by
DC/DI one access division to n
components.

ns

IP7

Screen width time

Tsw

(SCREEN_WIDTH)
X Tdicp

SCREEN_WIDTH—screen width in,
interface clocks. horizontal blanking
included.

The SCREEN_WIDTH should be built by
suitable DI's counter?.

ns

IP8

HSYNC width time

Thsw

(HSYNC_WIDTH)

HSYNC_WIDTH—Hsync width in DI_CLK
with 0.5 DI_CLK resolution. Defined by DI's
counter.

ns

IP9

Horizontal blank interval 1

Thbit

BGXP X Tdicp

BGXP—width of a horizontal blanking
before a first active data in a line (in
interface clocks). The BGXP should be built
by suitable DI's counter.

ns

IP10

Horizontal blank interval 2

Thbi2

(SCREEN_WIDTH —
BGXP — FW) X Tdicp

Width a horizontal blanking after a last
active data in a line (in interface clocks)
FW—uwith of active line in interface clocks.
The FW should be built by suitable DI's
counter.

ns

IP12

Screen height

Tsh

(SCREEN_HEIGHT)
X Tsw

SCREEN_HEIGHT—screen heightinlines
with blanking.

The SCREEN_HEIGHT is a distance
between 2 VSYNCs.

The SCREEN_HEIGHT should be built by
suitable DI's counter.

ns

IP13

VSYNC width

Tvsw

VSYNC_WIDTH

VSYNC_WIDTH—Vsync width in DI_CLK
with 0.5 DI_CLK resolution. Defined by DI’s
counter.

ns

IP14

Vertical blank interval 1

Tvbi1

BGYP X Tsw

BGYP—width of first Vertical
blanking interval in line. The BGYP should
be built by suitable DI's counter.

ns

IP15

Vertical blank interval 2

Tvbi2

(SCREEN_HEIGHT —
BGYP — FH) X Tsw

Width of second vertical blanking interval in
line. The FH should be built by suitable DI’'s
counter.

ns
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4.12.11 LVDS Display Bridge (LDB) Module Parameters

The LVDS interface complies with TIA/EIA 644-A standard. For more details, see TIA/EIA STANDARD
644-A, “Electrical Characteristics of Low Voltage Differential Signaling (LVDS) Interface Circuits.”

Table 67. LVDS Display Bridge (LDB) Electrical Specification

Electrical Characteristics

Parameter Symbol Test Condition Min Max | Units

Differential Voltage Output Voltage Vop | 100 Q Differential load 250 450 mV

Output Voltage High Voh 100 Q differential load 1.25 1.6 \
(0 V Diff—Output High Voltage static)

Output Voltage Low Vol 100 Q differential load 0.9 1.25 \"
(0 V Diff—Output Low Voltage static)

Offset Static Voltage Vos | Two 49.9 Q resistors in series between N-P 1.15 1.375 Vv
terminal, with output in either Zero or One state, the
voltage measured between the 2 resistors.

VOS Differential Vospirr | Difference in Vog between a One and a Zero state | -50 50 mV

Output short-circuited to GND ISA ISB | With the output common shorted to GND -24 24 mA

VT Full Load Test VTLoad | 100 Q Differential load with a 3.74 kQ load between 247 454 mV
GND and I/O supply voltage

4.12.12 MIPI D-PHY Timing Parameters

This section describes MIPI D-PHY electrical specifications, compliant with MIPI CSI-2 version 1.0,
D-PHY specification Rev. 1.0 (for MIPI sensor port x4 lanes) and MIPI DSI Version 1.01, and D-PHY
specification Rev. 1.0 (and also DPI version 2.0, DBI version 2.0, DSC version 1.0a at protocol layer) (for

MIPI display port x2 lanes).

4.12.12.1 Electrical and Timing Information

Table 68. Electrical and Timing Information

Symbol Parameters Test Conditions Min | Typ | Max | Unit
Input DC Specifications—Apply to DSI_CLK_P/_N and DSI_DATA_P/_N Inputs
V, Input signal voltage range Transient voltage range is limited from -300 -50 — | 1350 |mV
mV to 1600 mV
Vi EAK Input leakage current VGNDSH(min) = VI = VGNDSH(max) + -10 | — 10 |mA
VOH(absmax)
Lane module in LP Receive Mode
VGNDSH Ground Shift — -50 — 50 |mVv
VOH(absmax) Maximum transient output — — — 1.45 \
voltage level
tyoh(absmax) Maximum transient time — — — 20 ns
above VOH(absmax)

i.MX 6Dual/6Quad Automotive and Infotainment Applications Processors, Rev. 5, 09/2017

NXP Semiconductors

107



Electrical Characteristics
4.12.12.3 HS Line Driver Characteristics

Ideal Single-Ended High Speed Signals
Von —

Vemrx = (Vop + Von)/2

Vobo) Vobq)
Vop -

Ideal Differential High Speed Signals

Vobq1)
ov

(Differential) “

Vob(o)

Vop=Vpp-Vpn ——

Figure 67. Ideal Single-ended and Resulting Differential HS Signals

4.12.12.4 Possible AVCMTX and AVOD Distortions of the Single-ended HS Signals

AVop (SE HS Signals) AVOVD/2
A
Von ! Voo
VCMTX A '
Y Voo ¥ /\ /;
Vop
A
N op/2
Static AV curx (SE HS Signals)
xDN
\/CD'\Q,TX Y Von

DynamicAVeutx (SE HS Signals)
Von

Vop

Figure 68. Possible AVCMTX and AVOD Distortions of the Single-ended HS Signals

4.12.12.5 D-PHY Switching Characteristics

Table 69. Electrical and Timing Information

Symbol Parameters Test Conditions Min Typ Max Unit
HS Line Drivers AC Specifications
— Maximum serial data rate (forward On DATAP/N outputs. 80 — 1000 Mbps
direction) 80 Q<=RL<=125Q
FobreLk DDR CLK frequency On DATAP/N outputs. 40 — 500 MHz
PbbRreLk DDR CLK period 80 Q<=RL<=125Q 2 — 25 ns
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Electrical Characteristics

Table 75. MLB 6-Pin Interface Timing Parameters

Parameter Symbol Min Max Unit Comment
Cycle-to-cycle system jitter titter — 600 ps —
Transmitter MLB_SIG_P/_N tdelay 0.6 1.3 ns —

(MLB_DATA_P/_N) output valid from transition
of MLB_CLK_P/_N (low-to-high)’

Disable turnaround time from transition of tohz 0.6 3.5 ns —
MLB_CLK_P/_N (low-to-high)

Enable turnaround time from transition of toiz 0.6 5.6 ns —
MLB_CLK_P/_N (low-to-high)

MLB_SIG_P/_N (MLB_DATA_P/_N) valid to tsu 0.05 — ns —
transition of MLB_CLK_P/_N (low-to-high)

MLB_SIG_P/_N (MLB_DATA_P/_N) hold from thd 0.6 — ns —
transition of MLB_CLK_P/_N (Iow-to-high)2

taelay tphzs toizs tsus @nd thg may also be referenced from a low-to-high transition of the recovered clock for 2:1 and 4:1 recov-
ered-to-external clock ratios.

The transmitting device must ensure valid data on MLB_SIG_P/_N (MLB_DATA_P/_N) for at least t4(min) following the rising
edge of MLBCP/N; receivers must latch MLB_SIG_P/_N (MLB_DATA_P/_N) data within tnq(min) of the rising edge of
MLB_CLK_P/_N.

Physical Channel
boundary

ey ANVANVANY AW AV AV AV AV AW

= 3xTa »
2%T ‘ i
3xXTy4 ‘ e— Ty —

Hidelay "_’:tc:lela}.I thelay f'_’tdela'y ;‘_’tdelay

MLBSPIN AT CE) NN
(transmitter) X oo ) _/\ G AT /\ s ! S i X Cqu])
Controller: Chaanddress\ Ipmp s | ltpmp Tx Device: Command

transmitter enabled,

Daanotvaid | tu| tot, oo, |t o, ol
MLBSP/N cmd‘i / Cmd'\ 7Cmd 4 Cde Cmd Cmd
(receiver) > <CA[0]> > ( < NCV NG ) [41 / 7 [3l > < [2] 5
Controller: ChannelAddress *  Tx Device: Command

Figure 82. MLB 6-Pin Delay, Setup, and Hold Times

4.12.15 PCle PHY Parameters

The PCle interface complies with PCle specification Gen2 x1 lane and supports the PCI Express 1.1/2.0
standard.
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Electrical Characteristics

Table 84. SSI Transmitter Timing with External Clock (continued)

ID Parameter Min Max Unit
Synchronous External Clock Operation
SS44 | AUDx_RXD setup before AUDx_TXC falling 10.0 — ns
SS45 | AUDx_RXD hold after AUDx_TXC falling 2.0 — ns
SS46 | AUDx_RXD rise/fall time — 6.0 ns

NOTE

* All the timings for the SSI are given for a non-inverted serial clock
polarity (TSCKP/RSCKP = 0) and a non-inverted frame sync
(TFSI/RFSI = 0). If the polarity of the clock and/or the frame sync have
been inverted, all the timing remains valid by inverting the clock signal
AUDx_ TXC/AUDx_RXC and/or the frame sync
AUDx TXFS/AUDx_RXFS shown in the tables and in the figures.

* All timings are on Audiomux Pads when SSI is being used for data

transfer.

 AUDx TXC and AUDx_RXC refer to the Transmit and Receive

sections of the SSI.

* The terms WL and BL refer to Word Length (WL) and Bit Length (BL).

» For internal Frame Sync operation using external clock, the frame sync
timing is same as that of transmit data (for example, during AC97 mode

of operation).

4.12.20.4 SSI Receiver Timing with External Clock

Figure 93 depicts the SSI receiver external clock timing and Table 85 lists the timing parameters for the

receiver timing with the external clock.

«——— SS22 ——> SS26-> -< <-SS24
SS23 «< <—>—S825
AUDx_TXC
(Input) -(_/ N\
SS28 > |<— SS30 > |\<—
AUDX_TXFS (bl) \
(Input) 4/ Y& SS
SS32 —»| |=« e < SS34
o))
AUDX_TXFS (wl) §835 —q)/|<—— igg;
| t <—>—S5541
(Input) SS36—>»| |<—
SS40—>| |« c
.
AUDx_RXD £)) ><
(Input) ce
V3

Figure 93. SSI Receiver External Clock Timing Diagram
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Package Information and Contact Assignments

6.2.2

Assignments

21 x 21 mm Ground, Power, Sense, and Reference Contact

Table 95 shows the device connection list for ground, power, sense, and reference contact signals.

Table 95. 21 x 21 mm Supplies Contact Assignment

Supply Rail Name Ball(s) Position(s) Remark
CSI_REXT D4 —
DRAM_VREF AC2 —
DSI_REXT G4 —
FA_ANA A5 —
GND A13, A25, A4, A8, AA10, AA13, AA16, AA19, AA22, AD4, D3, —
F8, J15, L10, M15, P15, T15, U8, W17, AA7, AD7, D6, G10,
J18, L12, M18, P18, T17, V19, W18, AB24, AE1, D8, G19, J2,
L15, M8, P8, T19, V8, W19, AB3, AE25, E5, G3, J8, L18, N10,
R12, T8, W10, W3, AD10, B4, E6, H12, K10, L2, N15, R15,
ui11, W11, W7, AD13, C1, E7, H15, K12, L5, N18, R17, U12,
W12, W8, AD16, C10, F5, H18, K15, L8, N8, R8, U15, W13,
W9, AD19, C4, F6, H8, K18, M10, P10, T11, U17, W15, Y24,
AD22, C6, F7,J12, K8, M12, P12, T12, U19, W16, Y5
GPANAIO Ccs8 Analog output for NXP use only. This
output must remain unconnected
HDMI_DDCCEC K2 Analog ground reference for the Hot
Plug detect signal
HDMI_REF Ji —
HDMI_VP L7 —
HDMI_VPH M7 —
NVCC_CSI N7 Supply of the camera sensor interface
NVCC_DRAM R18, T18, U18, V10, V11, V12, V13, Supply of the DDR interface
V14,V15, V16, V17,V18, V9
NVCC_EIMO K19 Supply of the EIM interface
NVCC_EIM1 L19 Supply of the EIM interface
NVCC_EIM2 M19 Supply of the EIM interface
NVCC_ENET R19 Supply of the ENET interface
NVCC_GPIO P7 Supply of the GPIO interface
NVCC_JTAG J7 Supply of the JTAG tap controller
interface
NVCC_LCD P19 Supply of the LCD interface
NVCC_LVDS2P5 V7 Supply of the LVDS display interface

and DDR pre-drivers. Even if the LVDS
interface is not used, this supply must
remain powered.
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Package Information and Contact Assignments

Table 95. 21 x 21 mm Supplies Contact Assignment (continued)

Supply Rail Name Ball(s) Position(s) Remark

VDDHIGH_CAP H10, J10 Secondary supply for the 2.5 V domain
(internal regulator output—requires
capacitor if internal regulator is used)

VDDHIGH_IN H9, J9 Primary supply for the 2.5 V regulator

VDDPU_CAP H17,J17,K17, L17, M17, N17, P17 Secondary supply for the VPU and
GPU (internal regulator output—
requires capacitor if internal regulator
is used)

VDDSOC_CAP R10, T10, T13, T14, U10, U13, U14 Secondary supply for the SoC and PU
(internal regulator output—requires
capacitor if internal regulator is used)

VDDSOC_IN H16, J16, K16, L16, M16, N16, P16, R16, T16, U16 Primary supply for the SoC and PU
regulators
VDDUSB_CAP F9 Secondary supply for the 3 V domain

(internal regulator output—requires
capacitor if internal regulator is used)

ZQPAD AE17 Connect ZQPAD to an external 240Q
1% resistor to GND. This is a reference
used during DRAM output buffer driver
calibration.

6.2.3 21 x 21 mm Functional Contact Assignments

Table 96 displays an alpha-sorted list of the signal assignments including power rails. The table also
includes out of reset pad state.

Table 96. 21 x 21 mm Functional Contact Assignments

Out of Reset Condition’
Ball Name Ball Power Group |Ball Type Dl\::;lgt Default Function
(Reset (Signal Name) Input/Output Value?
Mode)

BOOT_MODEO C12 | VDD_SNVS_IN GPIO ALTO SRC_BOOT_MODEO Input PD (100K)
BOOT_MODEH1 F12 | VDD_SNVS_IN GPIO ALTO SRC_BOOT_MODEH1 Input PD (100K)

CLK1_N C7 | VDD_HIGH_CAP — — CLK1_N — —
CLK1_P D7 | VDD_HIGH_CAP — — CLK1_P — —
CLK2_N C5 | VDD_HIGH_CAP — — CLK2_N — —
CLK2_P D5 | VDD_HIGH_CAP — — CLK2_P — —
CSI_CLKOM F4 NVCC_MIPI — — CSI_CLK_N — —
CSI_CLKOP F3 NVCC_MIPI — — CSI_CLK_P — —
CSI_DoM E4 NVCC_MIPI — — CSI_DATAO_N — —
CSI_DoP E3 NVCC_MIPI — — CSI_DATAO0_P — —
CSI_D1M D1 NVCC_MIPI — — CSI_DATA1_N — —
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Package Information and Contact Assignments

Table 96. 21 x 21 mm Functional Contact Assignments (continued)

Out of Reset Condition’

Ball Name Ball Power Group |Ball Type D“:Lac;.lelt Default Function )
(Reset (Signal Name) Input/Output | Value
Mode)

CSI_D1P D2 NVCC_MIPI — — CSI_DATA1_P — —

CSl_D2M E1 NVCC_MIPI — — CSI_DATA2_N — —

CSI_D2P E2 NVCC_MIPI — — CSI_DATA2_P — —

CSI_D3M F2 NVCC_MIPI — — CSI_DATA3_N — —

CSI_D3P F1 NVCC_MIPI — — CSI_DATA3_P — —
CSI0_DAT10 M1 NVCC_CSI GPIO ALT5 GPIO5_1028 Input PU (100K)
CSI0_DAT11 M3 NVCC_CSI GPIO ALT5 GPIO5_1029 Input PU (100K)
CSI0_DAT12 M2 NVCC_CSI GPIO ALT5 GPIO5_1030 Input PU (100K)
CSI0_DAT13 L1 NVCC_CSI GPIO ALT5 GPIO5_1031 Input PU (100K)
CSI0_DAT14 M4 NVCC_CSI GPIO ALT5 GPI106_1000 Input PU (100K)
CSI0_DAT15 M5 NVCC_CSI GPIO ALT5 GPIO6_1001 Input PU (100K)
CSI0_DAT16 L4 NVCC_CSI GPIO ALT5 GPIO6_1002 Input PU (100K)
CSI0_DAT17 L3 NVCC_CSI GPIO ALT5 GPIO6_1003 Input PU (100K)
CSI0_DAT18 M6 NVCC_CSI GPIO ALT5 GPIO6_1004 Input PU (100K)
CSI0_DAT19 L6 NVCC_CSI GPIO ALT5 GPIO6_1005 Input PU (100K)
CSI0_DAT4 N1 NVCC_CSI GPIO ALT5 GPIO5_1022 Input PU (100K)
CSIO_DAT5 P2 NVCC_CSI GPIO ALT5 GPIO5_1023 Input PU (100K)
CSI0_DAT6 N4 NVCC_CSiI GPIO ALT5 GPIO5_1024 Input PU (100K)
CSIO_DAT7 N3 NVCC_CSI GPIO ALT5 GPIO5_1025 Input PU (100K)
CSI0_DAT8 N6 NVCC_CSI GPIO ALT5 GPIO5_1026 Input PU (100K)
CSI0_DAT9 N5 NVCC_CSI GPIO ALT5 GPIO5_l027 Input PU (100K)
CSI0O_DATA_EN P3 NVCC_CSI GPIO ALT5 GPIO5_1020 Input PU (100K)
CSI0_MCLK P4 NVCC_CSI GPIO ALT5 GPIO5_1019 Input PU (100K)
CSI0_PIXCLK P1 NVCC_CSI GPIO ALT5 GPIO5_1018 Input PU (100K)
CSI0_VSYNC N2 NVCC_CSI GPIO ALT5 GPIO5_l1021 Input PU (100K)
DIO_DISP_CLK N19 NVCC_LCD GPIO ALT5 GPIO4_1016 Input PU (100K)
DIO_PIN15 N21 NVCC_LCD GPIO ALT5 GPIO4_I017 Input PU (100K)
DIO_PIN2 N25 NVCC_LCD GPIO ALT5 GPIO4_1018 Input PU (100K)
DIO_PIN3 N20 NVCC_LCD GPIO ALT5 GPIO4_1019 Input PU (100K)
DIO_PIN4 P25 NVCC_LCD GPIO ALT5 GPIO4_1020 Input PU (100K)
DISPO_DATO P24 NVCC_LCD GPIO ALT5 GPIO4_1021 Input PU (100K)
DISP0O_DAT1 P22 NVCC_LCD GPIO ALT5 GPIO4_1022 Input PU (100K)
DISPO_DAT10 R21 NVCC_LCD GPIO ALT5 GPIO4_1031 Input PU (100K)
DISPO_DAT11 T23 NVCC_LCD GPIO ALT5 GPIO5_1005 Input PU (100K)
DISPO_DAT12 T24 NVCC_LCD GPIO ALT5 GPIO5_1006 Input PU (100K)
DISPO_DAT13 R20 NVCC_LCD GPIO ALT5 GPIO5_1007 Input PU (100K)
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Table 96. 21 x 21 mm Functional Contact Assignments (continued)

Out of Reset Condition’

Ball Name Ball Power Group |Ball Type D,\::;l;lt Default Function 9
(Reset (Signal Name) Input/Output | Value
Mode)
DRAM_D40 Y19 NVCC_DRAM DDR ALTO DRAM_DATA40 Input PU (100K)
DRAM_D41 AB20| NVCC_DRAM DDR ALTO DRAM_DATA41 Input PU (100K)
DRAM_D42 AB21| NVCC_DRAM DDR ALTO DRAM_DATA42 Input PU (100K)
DRAM_D43 AD21| NVCC_DRAM DDR ALTO DRAM_DATA43 Input PU (100K)
DRAM_D44 Y20 NVCC_DRAM DDR ALTO DRAM_DATA44 Input PU (100K)
DRAM_D45 AA20| NVCC_DRAM DDR ALTO DRAM_DATA45 Input PU (100K)
DRAM_D46 AE21| NVCC_DRAM DDR ALTO DRAM_DATA46 Input PU (100K)
DRAM_D47 AC21| NVCC_DRAM DDR ALTO DRAM_DATA47 Input PU (100K)
DRAM_D48 AC22| NVCC_DRAM DDR ALTO DRAM_DATA48 Input PU (100K)
DRAM_D49 AE22| NVCC_DRAM DDR ALTO DRAM_DATA49 Input PU (100K)
DRAM_D5 AD1 NVCC_DRAM DDR ALTO DRAM_DATAO05 Input PU (100K)
DRAM_D50 AE24| NVCC_DRAM DDR ALTO DRAM_DATA50 Input PU (100K)
DRAM_D51 AC24| NVCC_DRAM DDR ALTO DRAM_DATAS51 Input PU (100K)
DRAM_D52 AB22| NVCC_DRAM DDR ALTO DRAM_DATA52 Input PU (100K)
DRAM_D53 AC23| NVCC_DRAM DDR ALTO DRAM_DATA53 Input PU (100K)
DRAM_D54 AD25| NVCC_DRAM DDR ALTO DRAM_DATA54 Input PU (100K)
DRAM_D55 AC25| NVCC_DRAM DDR ALTO DRAM_DATA55 Input PU (100K)
DRAM_D56 AB25| NVCC_DRAM DDR ALTO DRAM_DATA56 Input PU (100K)
DRAM_D57 AA21| NVCC_DRAM DDR ALTO DRAM_DATA57 Input PU (100K)
DRAM_D58 Y25 NVCC_DRAM DDR ALTO DRAM_DATA58 Input PU (100K)
DRAM_D59 Y22 NVCC_DRAM DDR ALTO DRAM_DATA59 Input PU (100K)
DRAM_D6 AB4 NVCC_DRAM DDR ALTO DRAM_DATA06 Input PU (100K)
DRAM_D60 AB23| NVCC_DRAM DDR ALTO DRAM_DATA60 Input PU (100K)
DRAM_D61 AA23| NVCC_DRAM DDR ALTO DRAM_DATA61 Input PU (100K)
DRAM_D62 Y23 NVCC_DRAM DDR ALTO DRAM_DATA62 Input PU (100K)
DRAM_D63 W25 | NVCC_DRAM DDR ALTO DRAM_DATA63 Input PU (100K)
DRAM_D7 AE4 NVCC_DRAM DDR ALTO DRAM_DATA07 Input PU (100K)
DRAM_D8 AD5 | NVCC_DRAM DDR ALTO DRAM_DATAO08 Input PU (100K)
DRAM_D9 AE5 NVCC_DRAM DDR ALTO DRAM_DATA09 Input PU (100K)
DRAM_DQMO AC3 | NVCC_DRAM DDR ALTO DRAM_DQMO Output 0
DRAM_DQM!1 AC6 NVCC_DRAM DDR ALTO DRAM_DQM1 Output 0
DRAM_DQM2 AB8 NVCC_DRAM DDR ALTO DRAM_DQM2 Output 0
DRAM_DQMS3 AE10| NVCC_DRAM DDR ALTO DRAM_DQM3 Output 0
DRAM_DQM4 AB18| NVCC_DRAM DDR ALTO DRAM_DQM4 Output 0
DRAM_DQM5 AC20| NVCC_DRAM DDR ALTO DRAM_DQM5 Output 0
DRAM_DQM6 AD24| NVCC_DRAM DDR ALTO DRAM_DQM®6 Output 0
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Table 96. 21 x 21 mm Functional Contact Assignments (continued)

Out of Reset Condition’

Ball Name Ball Power Group |Ball Type D“:Lac;.lelt Default Function )
(Reset (Signal Name) Input/Output | Value
Mode)
DRAM_DQM7 Y21 NVCC_DRAM DDR ALTO DRAM_DQM7 Output 0
DRAM_RAS AB15| NVCC_DRAM DDR ALTO DRAM_RAS_B Output 0
DRAM_RESET Y6 NVCC_DRAM DDR ALTO DRAM_RESET Output 0
DRAM_SDBAO |AC15| NVCC_DRAM DDR ALTO DRAM_SDBAO Output 0
DRAM_SDBA1 Y15 NVCC_DRAM DDR ALTO DRAM_SDBAT1 Output 0
DRAM_SDBA2 AB12| NVCC_DRAM DDR ALTO DRAM_SDBA2 Output 0
DRAM_SDCKEO | Y11 NVCC_DRAM DDR ALTO DRAM_SDCKEOQ Output 0
DRAM_SDCKE1 |AA11| NVCC_DRAM DDR ALTO DRAM_SDCKE1 Output 0
DRAM_SDCLK_0 |AD15| NVCC_DRAM |DDRCLK| ALTO DRAM_SDCLKO_P Output 0
DRAM_SDCLK_0_B|AE15| NVCC_DRAM |DDRCLK — DRAM_SDCLKO_N — —
DRAM_SDCLK_1 |AD14| NVCC_DRAM |DDRCLK| ALTO DRAM_SDCLK1_P Output 0
DRAM_SDCLK_1_B|AE14| NVCC_DRAM |DDRCLK — DRAM_SDCLK1_N — —
DRAM_SDODTO |AC16| NVCC_DRAM DDR ALTO DRAM_ODTO Output 0
DRAM_SDODT1 |AB17| NVCC_DRAM DDR ALTO DRAM_ODTH1 Output
DRAM_SDQS0 AE3 NVCC_DRAM |[DDRCLK| ALTO DRAM_SDQSO0_P Input Hi-Z
DRAM_SDQS0_B | AD3 | NVCC_DRAM |DDRCLK — DRAM_SDQSO0_N — —
DRAM_SDQSH1 AD6 | NVCC_DRAM |DDRCLK| ALTO DRAM_SDQS1_P Input Hi-Z
DRAM_SDQS1_B | AE6 NVCC_DRAM |DDRCLK — DRAM_SDQS1_N — —
DRAM_SDQS2 AD8 | NVCC_DRAM |DDRCLK| ALTO DRAM_SDQS2_P Input Hi-Z
DRAM_SDQS2_B | AE8 NVCC_DRAM |DDRCLK — DRAM_SDQS2_N — —
DRAM_SDQS3 |AC10| NVCC_DRAM |DDRCLK| ALTO DRAM_SDQS3_P Input Hi-Z
DRAM_SDQS3 B |AB10| NVCC_DRAM |DDRCLK — DRAM_SDQS3_N — —
DRAM_SDQS4 |AD18| NVCC_DRAM |DDRCLK| ALTO DRAM_SDQS4_P Input Hi-Z
DRAM_SDQS4_B |AE18| NVCC_DRAM |DDRCLK — DRAM_SDQS4_N — —
DRAM_SDQS5 |AD20| NVCC_DRAM |DDRCLK| ALTO DRAM_SDQS5_P Input Hi-Z
DRAM_SDQS5_B |AE20| NVCC_DRAM |DDRCLK — DRAM_SDQS5_N — —
DRAM_SDQS6 |AD23| NVCC_DRAM |DDRCLK| ALTO DRAM_SDQS6_P Input Hi-Z
DRAM_SDQS6_B |AE23| NVCC_DRAM |DDRCLK — DRAM_SDQS6_N — —
DRAM_SDQS7 |AA25| NVCC_DRAM |DDRCLK| ALTO DRAM_SDQS7_P Input Hi-Z
DRAM_SDQS7_B |AA24| NVCC_DRAM |DDRCLK — DRAM_SDQS7_N — —
DRAM_SDWE AB16| NVCC_DRAM DDR ALTO DRAM_SDWE_B Output 0
DSI_CLKOM H3 NVCC_MIPI — — DSI_CLK_N — —
DSI_CLKOP H4 NVCC_MIPI — — DSI_CLK_P — —
DSI_DOM G2 NVCC_MIPI — — DSI_DATAO_N — —
DSI_DOP G1 NVCC_MIPI — — DSI_DATAQ_P — —
DSI_D1M H2 NVCC_MIPI — — DSI_DATA1_N — —
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Revision History

Table 99. i.MX 6Dual/6Quad Data Sheet Document Revision History (continued)

Rev. .
Number Date Substantive Change(s)
5 09/2017 Table 21, “XTALI and RTC_XTALI DC Parameters,” on page 39:
(Cont.) — Added footnote to RTC_XTALI high level DC input voltage row: “This voltage specification must not be

exceeded and ...".

Section 4.6.4, “RGMII 1/0 2.5V I/0 DC Electrical Parameters” on page 40: Added section and table.
Section 4.10, “Multi-Mode DDR Controller (MMDC)” on page 64: Replaced section with new content.
Was: 4.9.4 “DDR SDRAM Specific Parameters (DDR3/DDR3L/LPDDR?2)” with timing diagrams and
parameter tables for DDR3/DDR3L/LPDDR2.

Table 51, “eMMC4.4/4.41 Interface Timing Specification,” on page 81,

— Corrected SD3, uSDHC Input Setup Time, minimum value from 2.6ns to 1.7ns.

— Added footnote to Card Input Clock regarding duty cycle range.

Table 52, “SDR50/SDR104 Interface Timing Specification,” on page 82: Changes to Min/Max values:
— SD2 min from: 0.3 x tCLK; to: 0.46 x tCLK

— SD2 max from: 0.7 x tCLK to: 0.54 x tCLK

— SD3 min from: 0.3 x tCLK; to: 0.46 x tCLK. Also corrected ID from duplicate SD2 to SDS3.

— SD3 max from: 0.7 x tCLK; to: 0.54 x tCLK

— SD5 max from: 1 ns; to: 0.74 ns

Table 62, “Camera Input Signal Cross Reference, Format, and Bits Per Cycle,” on page 95: Changed
RGB565, 16 bits column heading from 2 cycles to 1 cycle.

Table 63, “Sensor Interface Timing Characteristics,” on page 98, Sensor Interface Timing characteristics:
Added rows to include Vsync values.

Table 95, “21 x 21 mm Supplies Contact Assignment,” on page 144: Added description to ZQPAD.
Table 96, “21 x 21 mm Functional Contact Assignments,” on page 146:

— Changed rows DRAM_SDCLK_0 and DRAM_SDCLK_1, Out of Reset Conditions from “Input—Hi-Z” to
“Output-0".

— Added description to GPANAIO row: “...output for NXP use only...”

(Revision History table continues on next page.)
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