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Functional Overview

Cypress’s EZ-USB CX8 is the next-generation bridge controller
that can connect devices with the Mobile Industry Processor
Interface — Camera Serial Interface 2 (MIPI CSI-2) interface to
any USB 3.0 Host.

CX3 has a 4-lane CSI-2 receiver with up to 1 Gbps on each lane.
It supports video data formats such as RAW8/10/12/14, YUV422
(CCIR/ITU 8/10-bit), RGB888/666/565, and user-defined 8-bit.

CX3 has integrated the USB 3.0 and USB 2.0 physical layers
(PHYs) along with a 32-bit ARM926EJ-S microprocessor for
powerful data processing and for building custom applications.

CX3 contains 512 KB of on-chip SRAM (see Ordering
Information on page 27) for code and data. EZ-USB CX3 also
provides interfaces to connect to serial peripherals such as
UART, SPI, I2C, and I°S.

CX3 comes with application development tools. The software
development kit comes with application examples for acceler-
ating time-to-market.

CX3 complies with the USB 3.0 v1.0 specification and is also
backward compatible with USB 2.0. It also complies with the
MIPI CSI-2 v1.01, revision 0.04 specification dated 2nd April

20009.

Application Examples

In a typical application (see Figure 1), CX3 acts as the main
processor and connects to an image sensor, an audio device, or
camera control devices amongst others.

Figure 1. EZ-USB CX3 Example Application
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The I2C controller supports bus frequencies of 400 kHz, and

1 MHz. When Vpp 04 is 1.8V, 2.5V, or 3.3 V, the operating
frequencies supported are 400 kHz and 1 MHz. The 12c
controller supports the clock-stretching feature to enable slower
devices to exercise flow control.

The I2C interface’s SCL and SDA signals require external pull-up
resistors. The pull-up resistors must be connected to Vppo4.

Note: I2C addresses with the pattern 0x0000111x are used inter-
nally and no slave devices with those addresses should be
connected to the bus.

I2S Interface

CX3 has an I12S port to support external audio codec devices.
CX3 functions as 1°S Master as transmitter only. The 12s
interface consists of four signals: clock line (12S_CLK), serial
data line (12S_SD), word select line (12S_WS), and master
system clock (12S_MCLK). CX3 can generate the system clock
as an output on 12S_MCLK or accept an external system clock
input on 12S_MCLK.

The sampling frequencies supported by the 12S interface are
32 kHz, 44.1 kHz, and 48 kHz.

SPI Interface

CX83 supports an SPI Master interface on the Serial Peripherals
port. The maximum operation frequency is 33 MHz.

The SPI controller supports four modes of SPI communication
(see SPI Timing Specification on page 24 for details on the
modes) with the Start-Stop clock. This controller is a
single-master controller with a single automated SSN control. It
supports transaction sizes ranging from 4 bits to 32 bits.

Note
1. F indicates Floating.

Document Number: 001-87516 Rev. *K

Boot Options

CX3 can load boot images from various sources, selected by the
configuration of the PMODE pins. Following are the CX3 boot
options:

m Boot from USB
m Boot from 12C

m Boot from SPI (SPI devices supported are M25P16 (16 Mbit),
M25P80 (8 Mbit), and M25P40 (4 Mbit)) or their equivalents

Table 2. CX3 Booting Options

PMODE[2:0]("] Boot From
F11 USB boot
F1F IZC, On failure, USB boot is enabled
1FF 1°C only
OF1 SPI, On failure, USB boot is enabled
Reset
Hard Reset

A hard reset is initiated by asserting the RESET# pin on CX3.
The specific reset sequence and timing requirements are
detailed in Figure 11 on page 26 and Table 14 on page 26. All
I/Os are tristated during a hard reset.

An additional reset pin called MIPI_RESET is provided that
resets the MIPI CSI-2 core. It should be pulled down with a
resistor for normal operation.

Soft Reset
There are two types of Soft Reset:

m CPU Reset — The CPU Program Counter is reset. Firmware
does not need to be reloaded following a CPU Reset.

m Whole Device Reset — This reset is identical to Hard Reset.
The firmware must be reloaded following a Whole Device
Reset.
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CX3 has the following power supply domains:

m 10_VDDAQ: This is a group of independent supply domains for
digital I/Os.

7 Vppios: GPIO, 12C, JTAG, XRST, XSHUTDOWN and REF-
CLK

7 Vppioz: UART and 1°S (except MCLK)

A Vppios: 1°S_MCLK and SPI

m) CVDDQ: CLKIN

a9 Vpp mipi: MIPI CSI-2 clock and data lanes

m Vpp: This is the supply voltage for the logic core. The nominal
supply-voltage level is 1.2 V. This supplies the core logic
circuits. The same supply must also be used for the following:
a Aypp: This is the 1.2-V supply for the PLL, crystal oscillator,

and other core analog circuits.

7 U3TXVDDQ/U3RXVDDQ: These are the 1.2-V supply volt-
ages for the USB 3.0 interface.

m VUSB: This is the 3.2-V to 6-V battery power supply for the
USB I/0 and analog circuits. This supply powers the USB
transceiver through CX3’s internal voltage regulator. VUSB is
internally regulated to 3.3 V.

Note: The different power supplies have to be powered on or off
in a specific sequence as illustrated in Figure 4.

Power Modes
CX3 supports the following power modes:

m Normal mode: This is the full-functional operating mode. The
internal CPU clock and the internal PLLs are enabled in this
mode.

o Normal operating power consumption does not exceed the
sum of Ioc Core max and Ioc USB max (see DC
Specifications on page 17 for current consumption
specifications).

a The I/O power supplies Vpp o2 and Vpp o3 can be turned off
when the corresponding inter?ace isnotinuse. Vpp o1 should
never be turned off for normal operation.

m Low-power modes (see Table 5 on page 11):
o Suspend mode with USB 3.0 PHY enabled

A Standby mode
o Core power-down mode

Figure 4. Power-up Sequence
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Table 5. Entry and Exit Methods for Low-Power Modes

Low-Power Mode

Characteristics

Methods of Entry

Methods of Exit

Suspend Mode with
USB 3.0 PHY
Enabled

m Power consumption in this mode does not
exceed lgg4

m USB 3.0PHY isenabled andisin U3 mode
(one of the suspend modes defined by the
USB 3.0 specification). This one block
alone is operational with its internal clock,
while all other clocks are shut down

m All I/Os maintain their previous state

m Power supply for the wakeup source and
core power must be retained. All other
power domains can be turned on or off
individually

m The states of the configuration registers,
buffer memory, and all internal RAM are
maintained

m All transactions must be completed before
CX3 enters suspend mode (state of
outstanding transactions are not
preserved)

m The firmware resumes operation from
where it was suspended (except when
woken up by RESET# assertion) because
the program counter does not reset

m Firmware executing on
ARM926EJ-S core can put CX3 into
the suspend mode. For example, on
USB suspend condition, the firmware
may decide to put CX3 into suspend
mode

m D+ transitioning to low
or high

m D- transitioning to low
or high

m Resume condition on
SSRX%

m Detection of VBUS

m Level detect on
UART_CTS
(programmable
polarity)

m Assertion of RESET#

Standby Mode

m The power consumption in this mode does
not exceed ISB3

m All configuration register settings and
program/data RAM contents are
preserved. However, data in the buffers or
other parts of the data path, if any, is not
guaranteed. Therefore, the external
processor should take care that the data
needed is read before putting CX3 into the
standby mode

m The program counter is reset after waking
up from the standby mode

m GPIO pins maintain their configuration
m Internal PLL is turned off
m USB transceiver is turned off

m ARM926EJ-S core is powered down.
Upon wakeup, the core re-starts and runs
the program stored in the program/data
RAM

m Power supply for the wakeup source and
core power must be retained. All other
power domains can be turned on or off
individually

m The firmware executing on
ARM926EJ-S core or external
processor configures the appropriate
register

m Detection of VBUS

m Level detect on
UART_CTS
(programmable
polarity)

m Assertion of RESET#

Document Number: 001-87516 Rev. *K
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Table 5. Entry and Exit Methods for Low-Power Modes (continued)

Low-Power Mode Characteristics Methods of Entry Methods of Exit

m The power consumption in this mode does
not exceed ISB4

m Core power is turned off

Core Power-down |® All buffer memory, configuration registers, m Reapply Vpp

Mode and the program RAM do not maintain ~ |® Turn off Vpp Assertion of RESET#
state. After exiting this mode, reload the m Assertion
firmware

m In this mode, all other power domains can
be turned on or off individually
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Configuration Options

Configuration options are available for specific usage models.
Contact Cypress Marketing (usb3@cypress.com) for details.

Digital 1/0s

CX3 has internal firmware-controlled pull-up or pull-down
resistors on all digital /O pins. An internal 50-kQ resistor pulls
the pins high, while an internal 10-kQ resistor pulls the pins low
to prevent them from floating. The I/O pins may have the
following states:

m Tristated (High-Z)

m Weak pull-up (via internal 50 kQ)

m Pull-down (via internal 10 kQ)

m Hold (I/O hold its value) when in low-power modes

m The JTAG TDI, TMC, and TRST# signals have fixed 50-kQ
internal pull-ups, and the TCK signal has a fixed 10-kQ
pull-down resistor.

All unused 1/Os should be pulled high by using the internal
pull-up resistors. All unused outputs should be left floating. All
I/Os can be driven at full-strength, three-quarter strength,
half-strength, or quarter-strength. These drive strengths are
configured separately for each interface.

GPIOs

CX3 provides 12 pins for general purpose I/O (for example, can
be used for lighting, sync-in, sync-out and so on). See Pin
Configuration on page 14 for pinout details.

All GPIO pins support an external load of up to 16 pF for every
pin.

Document Number: 001-87516 Rev. *K

EMI

CX3 can meet EMI requirements outlined by FCC 15B (USA)
and EN55022 (Europe) for consumer electronics at system level.
CX3 can tolerate reasonable EMI, conducted by the aggressor,
outlined by these specifications and continue to function as
expected.

System-level ESD

CX3 has built-in ESD protection on the D+, D—, and GND pins
on the USB interface. The ESD protection levels provided on
these ports are:

m +2.2-kV human body model (HBM) based on JESD22-A114
specification

m +6-kV contact discharge and +8-kV air gap discharge based
on IEC61000-4-2 level 3A using external system-level
protection devices

m + 8-kV contact discharge and +15-kV air gap discharge based
on |EC61000-4-2 level 4C using external system-level
protection devices

This protection ensures that the device continues to function
after ESD events up to the levels stated in this section.

The SSRX+, SSRX—, SSTX+, and SSTX- pins only have up to
+2.2-kV HBM internal ESD protection.
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Absolute Maximum Ratings Operating Conditions
Exceeding maximum ratings may shorten the useful life of the Ta (ambient temperature under bias)
device. Industrial .......cccoooeiiiniie —40 °Cto +85 °C
Storage temperature ..............ccccceee e —65 °C to +150 °C Vb, Avbpa, U3TXyppa, U3RXyppg
Supply voltage to ground potential Supply voltage .....ccceevieeeiieee e 1.15Vio1.25V
VDD AYDDQ c+eerreerereremermreenir i 1.25V Vysg supply voltage ..., 32Vto6V
VDD|O1, VDDIOZ’ VDD|03 ................................................ 36 V VDD|O1, VDD|02, VDDIOS’ CVDDQ
UBTXyDDQr UBRXYDDQ +rrrerreererrrrrmmmmemmemeeresrers oo 125V Supply voltage ..., 1.7Vto 3.6V
DC input voltage to any input pin ........ccccoevvieene. Vee + 0.3
DC voltage applied to
outputs in high Z state
(Ve is the corresponding I/0 voltage) .................. Vee + 0.3
Maximum latch-up current ...........c.ccoooeiiniiiiiiee. 140 mA
Maximum output short-circuit current
for all I/O configurations. (Vour=0V) .o —100 mA
DC Specifications
Parameter Description Min Max Units Notes
Vpp Core voltage supply 1.15 1.25 VvV  |1.2-V typical
Avpp Analog voltage supply 1.15 1.25 VvV  |1.2-V typical
MIPI bridge D-PHY suppl .
VoD_MiP! voltage 9 pply 1.15 1.25 V [1.2-V typical
I°C, JTAG and GPIO power .
Vppio1 domain P 1.7 3.6 VvV  [1.8-,2.5-, and 3.3-V typical
Vppio2 UART/I’S power supply domain 1.7 3.6 VvV  [1.8-,2.5-, and 3.3-V typical
Vppios SPI/I°S power supply domain 1.7 3.6 V |1.8-,2.5-, and 3.3-V typical
Vyse USB voltage supply 3.2 6 V  [5-V typical
1.2-V typical. A 22-pF bypass
U3TXvbDq USB 3.0 1.2-V supply 1.15 1.25 V |capacitor is required on this power
supply.
1.2-V typical. A 22-pF bypass
U3RXvpbQ USB 3.0 1.2-V supply 1.15 1.25 V  |capacitor is required on this power
supply.
Cvbba Clock voltage supply 1.7 3.6 VvV  |1.8-, 3.3-V typical
For2.0 V<V <3.6 V(except USB
Vil Input HIGH voltage 1 0.625 x V¢ Vee +0.3 V  |and MIPI CSI-2 pins).V¢ is the
corresponding /O voltage supply.
For1.7V<Vcc<20V
_ (except USB USB and MIPI CSI-2
A Input HIGH voltage 2 Veec—-04 Vee +0.3 \Y pins).V o is the corresponding 1/0
voltage supply.
. V¢ is the corresponding I/0
Vi Input LOW voltage 0.3 0.25 x V¢ \% voitage supply.
lon (max) = —100 pA tested at
VoH Output HIGH voltage 0.9 x Ve - V |quarter drive strength. V¢ is the
corresponding /O voltage supply.
loL (min)=+100 pAtested atquarter
VoL Output LOW voltage - 0.1 xVee V |drive strength. V¢ is the
corresponding /O voltage supply.

Document Number: 001-87516 Rev. *K
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DC Specifications (continued)
Parameter Description Min Max Units Notes
All /O signals held at Vppq
Input leakage current for all pins (For 1/Os with a pull-up or pull-down
lix except -1 1 MA [resistor connected, the leakage
SSTXP/SSXM/SSRXP/SSRXM current increases by Vppa/Rpy or
Vbpa/Rpep)
Output High-Z leakage current for
all pins except SSTXP/ SSXM/ ;
loz SSRXP/SSRXM and MIPI CSI-2 -1 1 WA |All I/O signals held at Vppq
signals
Core and analog voltage
Icc Core operating current - 192 mA | Total current through Aypp, Vpp
USB voltage supply operating _ _
lcc USB current 60 mA
Total suspend current during Core: 558.35 uA - MA \C/ore gurrent ids\r/neasured through
IsB1 suspend mode with USB3.0PHY |  1/O: 4.58 A - pA | VDD: Avbp @Nd Vpp_MIPI-
enabled USB: 4672 pA - HA |1/O Current is measured through
Core: 148.31 pA - uA |Vbpio1 to Vppios-
Total standby current during core -
Ise3 power-down mode /0: 3.16 pA — WA _|USB Current is measured through
USB: 15.8 UA - UA VUSB' U3TXVDDQ and UBRXVDDQ‘
VraMP Voltage ramp rate on core and /O 0.2 12 V/ms |Voltage ramp must be monotonic
supplies
v Noise level permitted on Vpp and _ 100 mv Max p-p noise level permitted on all
N I/0 supplies supplies except Aypp
Noise level permitted on Aypp Max p-p noise level permitted on
\Y - 20 mV
N_AVDD supply Avbp
MIPI D-PHY Electrical Characteristics
_ Spec .
Parameter Description - Unit
Min Nom Max
MIPI D-PHY RX DC Characteristics
VpiN Pin signal voltage range -50 - 1350 mV
ViH Logic 1 input voltage 880 - - mV
VL Logic 0 input voltage - - 550 mV
Vemrx (De) Common-mode voltage HS receiver mode 70 - 330 mV
VIDTH Differential input high threshold - 70 mV
VipTL Differential input low threshold —70 - - mV
V|HHsS Single-ended input high voltage - 460 mV
ViLHs Single-ended input low voltage —40 - - mV

Document Number: 001-87516 Rev. *K
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AC Timing Parameters

MIPI Data to Clock Timing Reference
Figure 6. MIPI CSI Signal Data to Clock Timing Reference
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Table 7. MIPI Data to Clock Timing Reference

Parameter Description Min Max Units
Tskew Data to clock skew measured at the transmitter -0.15 0.15 UlinsT
TseTuP Data to clock setup time at receiver 0.15 - UlinsT
THoLD Clock to data hold time at receiver 0.15 - UlinsT
UlinsT One data bit time (instantaneous) 1 12.5 ns
Terkp Period of dual data rate clock 2 25 ns
Reference Clock Specifications
Table 8. Reference Clock Specifications

Parameter Description Min Max Units Notes
RefClk Reference clock frequency 6 40 MHz -
RefclkDutyCyl |Duty cycle 40% 60% - -
RefCIkPJ Reference clock input period jitter -100 100 ps -
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Serial Peripherals Timing

12C Timing
Figure 8. 1’c Timing Definition
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Table 11. 12C Timing Parameters!?
Parameter Description Min Max Units
I2C Standard Mode Parameters
fscL SCL clock frequency 0 100 kHz
tHD:sTA Hold time START condition 4 - us
tLow LOW period of the SCL 4.7 - VES
tHIGH HIGH period of the SCL 4 - us
tsu:sTa Setup time for a repeated START condition 4.7 - us
tHD:DAT Data hold time 0 - us
tsu-DAT Data setup time 250 - ns
tr Rise time of both SDA and SCL signals - 1000 ns
t Fall time of both SDA and SCL signals - 300 ns
tsu:sTo Setup time for STOP condition 4 - us
tsuF Bus free time between a STOP and START condition 4.7 - bs
tvD:DAT Data valid time - 3.45 us
tvp:ACK Data valid ACK - 3.45 bs
tsp Pulse width of spikes that must be suppressed by input filter n/a n/a

Note
2. All parameters guaranteed by design and validated through characterization.
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Table 11. 12C Timing Parameters!? (continued)

Parameter Description Min Max Units
IC Fast Mode Parameters
fscL SCL clock frequency 0 400 kHz
tup:sTA Hold time START condition 0.6 - ps
tLow LOW period of the SCL 1.3 - us
tHiGH HIGH period of the SCL 0.6 - bs
tsu:sTA Setup time for a repeated START condition 0.6 - us
tHD:DAT Data hold time 0 - ps
tsu:pAT Data setup time 100 - ns
tr Rise time of both SDA and SCL signals - 300 ns
t Fall time of both SDA and SCL signals - 300 ns
tsu:sto Setup time for STOP condition 0.6 - us
tsUF Bus free time between a STOP and START condition 1.3 - us
tvD:DAT Data valid time - 0.9 ps
tvp:ACK Data valid ACK - 0.9 us
tsp Pulse width of spikes that must be suppressed by input filter 0 50 ns
I2C Fast Mode Plus Parameters
fscL SCL clock frequency 0 1000 kHz
tHD:STA Hold time START condition 0.26 - us
tLow LOW period of the SCL 0.5 - VES
tHIGH HIGH period of the SCL 0.26 - us
tsu:sTa Setup time for a repeated START condition 0.26 - us
tHD:DAT Data hold time 0 - us
tsu-DAT Data setup time 50 - ns
tr Rise time of both SDA and SCL signals - 120 ns
t Fall time of both SDA and SCL signals - 120 ns
tsu:sTo Setup time for STOP condition 0.26 - us
tsuF Bus-free time between a STOP and START condition 0.5 - bs
tvD:DAT Data valid time - 0.45 us
tvp:ACK Data valid ACK - 0.55 bs
tsp Pulse width of spikes that must be suppressed by input filter 0 50 ns
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s Timing Diagram
Figure 9. I2S Transmit Cycle

! tr

trr b - i

; > 4’: . trL | | P s e——
N B e — H
i | .
ScK ; - | i
]

S —

trhd

SA,
WS (output)

-———— .
trq

Table 12. I’S Timing Parameters!!

Parameter Description Min Max Units
tr 1S transmitter clock cycle trr - ns
trL 1S transmitter cycle LOW period 0.35 ttr - ns
try IS transmitter cycle HIGH period 0.35 tyr - ns
R 1S transmitter rise time - 0.15 ttr ns
tre 1S transmitter fall time - 0.15t;g | ns
tThd 1S transmitter data hold time 0 - ns
trg IS transmitter delay time - 0.8t ns
Note tr is selectable through clock gears. Max t1g is designed for 96-kHz codec at 32 bits to be 326 ns (3.072 MHz).

Note
3. All parameters guaranteed by design and validated through characterization.
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SPI Timing Specification
Figure 10. SPI Timing
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SPI Master Timing for CPHA =1
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Table 13. SPI Timing Parameters!*]

Parameter Description Min Max Units
fop Operating frequency 0 33 MHz
tsck Cycle time 30 - ns
twsck Clock HIGH/LOW time 13.5 - ns
tiead SSN-SCK lead time 1/2 te > - 5 15ty +5 | ns
tiag Enable lag time 0.5 15ty +5 | ns
tf Rise/fall time - 8 ns
tsdd Output SSN to valid data delay time - 5 ns
tav Output data valid time - 5 ns
tai Output data invalid 0 - ns
tssnh Minimum SSN HIGH time 10 - ns
tsdi Data setup time input 8 - ns
thoi Data hold time input 0 - ns
tais Disable data output on SSN HIGH 0 - ns
Notes

4. All parameters guaranteed by design and validated through characterization.
5. Depends on LAG and LEAD setting in the SPI_CONFIG register.
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Reset Sequence
CX3’s hard reset sequence requirements are specified in this section.

Table 14. Reset and Standby Timing Parameters

Parameter Definition Conditions Min (ms) | Max (ms)
trRpW Minimum RESET# pulse width Clock Input 1 -
trH Minimum HIGH on RESET# - 5 -

Reset recovery time (after which the boot loader begins
fRR firmware download) Clock Input 1 B
t Time to enter standby/suspend mode (from the time _ _ 1
SBY MAIN_CLOCK_EN/ MAIN_POWER_EN bit is set)
twu Time to wakeup from standby Clock Input 1 -
t Minimum time before standby/suspend source may be 5
WH - -
reasserted

Figure 11. Reset Sequence

qal
VDD 3
( core)
xVDDQ 55 55

CLKIN

CLKIN must be stable before
exiting Standby/Suspend

Mandatory [ otre 2

Reset Pulses —! Hard Reset 4_,
2\ ¢ <
RESET# X / \—/
trew : twh f
Standby/ | teev o
<« <«—> .

Suspend : . : B
Source \ : ! o

Standby/Suspend

Standby/Suspend source Is asserted
source |s deasserted

(MAIN_POWER_EN/ MAIN_CLK_EN bit is set)
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Ordering Information

Table 15. Ordering Information

Ordering Code MIPI CSI-2 Lanes Package Type Temperature Grade
CYUSB3065-BzXI 4 121-ball BGA Industrial
CYUSB3065-BZXC 4 121-ball BGA Commercial
CYUSB3064-BzXI 2 121-ball BGA Industrial
CYUSB3064-BZXC 2 121-ball BGA Commercial

Ordering Code Definitions
CY USB 3 06X - Bz X |
L Temperature Grade:
| = Industrial
C = Commercial
Pb-free
Package Type: BZ = 121-ball BGA

X =4 for up to 2 MIPI CSI-2 lanes
X =5 for up to 4 MIPI CSI-2 lanes

Density: Base part number for USB 3.0
Marketing Code: USB = USB Controller
Company ID: CY = Cypress
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Package Diagram
Figure 12. 121-ball BGA (10 x 10 x 1.7 mm) Package Outline, 001-87293
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NOTES:
1. ALL DIMENSIONS ARE IN MILLIMETERS
2. REFERENCE JUEDEC : PUB 95, DESIGN GUIDE 4.5 001-87293 **
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