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5 Pin Configuration and Functions
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Pin Functions

# 5-1. Pin Functions

PIN vo DESCRIPTION
NAME | No. TYPE
MIPI CSI-2 TX INTERFACE
CSI0_CLKN 22 (6] CSI-2 TX Port 0 differential clock output pins.
CSI0 CLKP 23 Leave unused pins as No Connect.
CSI0_DON 24 CSI-2 TX Port 0 differential data output pins. Use CSI_PORT_SEL, CSI_CTL, and
CSI0 DOP 25 CSI_CTL2 registers for the CSI-2 TX control.
- Leave unused pins as No Connect.
CSI0_D1N 26
CSI0_D1P 27
CSI0_D2N 28
CSlI0_D2P 29
CSI0_D3N 30
CSI0_D3P 31
CSI1_CLKN 34 O CSI-2 TX Port 1 differential clock output pins.
CSI1 CLKP 35 Leave unused pins as No Connect.
CSI1_DON 36 CSI-2 TX Port 1 differential data output pins. Use CSI_PORT_SEL, CSI_CTL, and
CSI DOP 37 CSI_CTL2 registers for the CSI-2 TX control.
= Leave unused pins as No Connect.
CSI1_D1N 38
CSI1_D1P 39
CSI1_D2N 40
CSI1_D2P 41
CSI1_D3N 42
CSI1_D3P 43
FPD-LINK Ill RX INTERFACE
RINO+ 50 1/0 FPD-Link Ill RX Port O pins. The port receives FPD-Link Il high-speed forward
RINO- 51 channel video and control data and transmits back channel control data. It can
interface with a compatible FPD-Link Il serializer TX through a STP or coaxial cable
(see %] 8-6 and [ 8-7). It must be AC-coupled per 3 8-4.
If port is unused, set RX_PORT_CTL register bit 0 to 0 to disable RX Port 0 and leave
the pins as No Connect.
RIN1+ 53 FPD-Link Ill RX Port 1 pins. The port receives FPD-Link Il high-speed forward
RIN1- 54 channel video and control data and transmits back channel control data. It can
interface with a compatible FPD-Link Il serializer TX through a STP or coaxial cable
(see 4 8-6 and [X] 8-7). It must be AC-coupled per % 8-4.
If port is unused, set RX_PORT_CTL register bit 1 to 0 to disable RX Port 1 and leave
the pins as No Connect.
RIN2+ 59 FPD-Link Ill RX Port 2 pins. The port receives FPD-Link Il high-speed forward
RIN2- 60 channel video and control data and transmits back channel control data. It can
interface with a compatible FPD-Link Il serializer TX through a STP or coaxial cable
(see %] 8-6 and [ 8-7). It must be AC-coupled per % 8-4.
If port is unused, set RX_PORT_CTL register bit 2 to 0 to disable RX Port 2 and leave
the pins as No Connect.
RIN3+ 62 FPD-Link Ill RX Port 3 pins. The port receives FPD-Link Il high-speed forward
RIN3- 63 channel video and control data and transmits back channel control data. It can
interface with a compatible FPD-Link Il serializer TX through a STP or coaxial cable
(see [X] 8-6 and [X] 8-7). It must be AC-coupled per % 8-4.
If port is unused, set RX_PORT_CTL register bit 3 to 0 to disable RX Port 3 and leave
the pins as No Connect.
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# 5-1. Pin Functions (%i¥)

PIN

NAME

NO.

110
TYPE

DESCRIPTION

SYNCHRONIZATION AND GENERAL-PURPOSE I/O

GPIO0 9 1/0, PD General-Purpose Input/Output pins. The pins can be used to control and respond to

GPIO1 10 various commands. They may be configured to be input signals for the corresponding
GPIOs on the serializer or they may be configured to be outputs to follow local register

GPIO2 14 settings. At power up, the GPIO pins are disabled and by default include a pulldown

GPIO3 15 resistor (25-kQ typ).

See 7 25.-7.4.11. for programmability. If unused, leave the pin as No Connect.

GPI04 17

GPIO5 18

GPIO6 19

GPIO7 20

INTB 6 O, 0D Interrupt Output pin.

INTB is an active-low open drain and controlled by the status registers. See 7> =72~
7.5.9.
Recommend a 4.7-kQ Pullup to 1.8 V or 3.3 V. If unused, leave the pin as No Connect.

SERIAL CONTROL BUS (12C)

12C_SCL 12 I/0, OD Primary 12C Clock Input / Output interface pin. See ©27>=.-7.5.1.

Refer to "I2C Bus Pullup Resistor Calculation" (SLVA689) to determine the pull-up
resistor value to VDDIO. If unused, leave this pin unconnected.

12C_SDA 1" I/0, OD Primary 12C Data Input / Output interface pin. See =2>=2-7.5.1.

Refer to "I2C Bus Pullup Resistor Calculation" (SLVA689) to determine the pull-up
resistor value to VDDIO. If unused, leave this pin unconnected.

12C_SCL2 8 I/0, OD Secondary 12C Clock Input / Output interface pin. See =~>=.-7.5.2.

Refer to "I2C Bus Pullup Resistor Calculation" (SLVA689) to determine the pull-up
resistor value to VDDIO. If unused, leave this pin unconnected.

12C_SDA2 7 I/0, OD Secondary 12C Data Input / Output interface pin. See =2>=2-7.5.2.

Refer to "I2C Bus Pullup Resistor Calculation" (SLVA689) to determine the pull-up
resistor value to VDDIO. If unused, leave this pin unconnected.

CONFIGURATION AND CONTROL

IDX 46 S 12C Serial Control Bus Device ID Address Select configuration pin.

Connect to an external pullup to VDD18 and a pulldown to GND to create a voltage
divider. See % 7-18.

MODE 45 S Mode Select configuration pin.

Connect to external pullup to VDD18 and a pulldown to GND to create a voltage
divider. See & 7-2.

PDB 3 I, PD Inverted Power-Down input pin. Typically connected to a processor GPIO with a
pulldown. When PDB input is brought HIGH, the device is enabled and internal
registers and state machines are reset to default values. Asserting PDB signal low will
power down the device and consume minimum power. The default function of this pin
is PDB = LOW; POWER DOWN with an internal 50-kQ internal pulldown enabled.
PDB should remain low until after power supplies are applied and reach minimum
required levels. See &2 >=.-8.4.1.

INPUT IS 3.3-V TOLERANT
PDB = 1.8 V, device is enabled (normal operation)
PDB =0V, device is powered down.

POWER AND GROUND

VDDIO 16 P 1.8-V (¥5%) OR 3.3-V (+10%) LVCMOS 1/O Power
Requires 1-yF and 0.1-pF or 0.01-yF capacitors to GND.

VDD_CSIO 21 P 1.1-V (¥5%) Power Supplies

vVDD_CSI1 33 Requires 0.1-pF or 0.01-yF capacitors to GND at each VDD pin. Additional 1-uF and
10-pF decoupling is recommended for the pin group.

VDDLA1 13 P 1.1-V (x5%) Power Supplies

VDDL2 44 Requires 0.1-pF or 0.01-yF capacitors to GND at each VDD pin. Additional 1-uF and

10-pF decoupling is recommended for the pin group.
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# 5-1. Pin Functions (%i¥)

PIN vo DESCRIPTION
NAME NO. A2

VDD_FPD1 52 P 1.1-V (x5%) Power Supplies

VDD_FPD2 61 Requires 0.1-puF or 0.01-uF capacitors to GND at each VDD pin. Additional 1-uF and
10-pF decoupling is recommended for the pin group.

VDD18_P2 2 P 1.8-V (x5%) Power Supplies

VDD18_P3 1 Requires 0.1-uF or 0.01-uF capacitors to GND at each VDD pin. Additional 1-pyF, and

VDD18_P1 47 10-pF decoupling is recommended for the pin group.

VDD18_P0 48

VDD18A 32 P 1.8-V (x5%) Power Supplies
Requires 0.1-uF or 0.01-uF capacitors to GND at each VDD pin. Additional 1-yF, and
10-pF decoupling is recommended for the pin group.

VDD18_FPDO 49 P 1.8-V (5%) Power Supplies

VDD18_FPD1 55 Requires 0.1-pF or 0.01-uF capacitors to GND at each VDD pin. Additional 1-yF, and

VDD18_FPD2 58 10-pF decoupling is recommended for the pin group.

VDD18_FPD3 64

GND DAP G DAP is the large metal contact at the bottom side, located at the center of the VQFN
package. Connect to the ground plane (GND).

OTHERS

REFCLK 5 Reference clock oscillator input.
Typically connected to a 23-MHz to 26-MHz LVCMOS-level oscillator (100 ppm).
For 400-Mbps, 800-Mbps, 1.2-Gbps or 1.6-Gbps CSI-2 data rates, use 25-MHz
frequency.
For the oscillator requirements, see =227 7.4.4. For other common CSI-2 data
rates, see 7> 72-7.4.19.

RES 4 - This pin must be tied to GND for normal operation.

CMLOUTP 56 O Channel Monitor Loop-through Driver differential output.

CMLOUTN 57 Rout.e tg a test point or a pad with 109-0 termination resistor between pins for channel
monitoring (recommended). See &~ 5.-7.4.8.

The definitions below define the functionality of the I/O cells for each pin. TYPE:

* I=Input

O =Output

e 1/0O = Input/Output
e S = Strap Input

* PD = Internal Pulldown

« OD = Open Drain
P =Power Supply
G =Ground

Copyright © 2023 Texas Instruments Incorporated
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6 Specifications

6.1 Absolute Maximum Ratings

Over operating free-air temperature range (unless otherwise noted)() (2

MIN MAX UNIT
vDD11 (VDD_CSI0, VDD_CSI1, VDDL1, VDDL2, VDD_FPD1, ~0.3 1.32 and Vv
VDD_FPDZ) ’ <V(VDD18)
Supply voltage vVDD18 (vDD18_P0, VDD18_P1, VDD18_P2, VDD18_P3, VDD18A, 03 216 Vv
VDD18_FPDO, VDD18_FPD1, VDD18_FPD2, VDD18_FPD3) ' '
VDDIO -0.3 3.96 \
RINO+, RINO-, Device powered up (AII supplig_s within ~03 275 Vv
) ) RIN1+, RIN1-, recommended operating conditions)
FPD-Link lll input voltage RIN2+, RIN2-, Device powered down, Transient voltage -0.3 1.45 Vv
RIN3+, RIN3- Device powered down, DC voltage -0.3 1.35 Vv
CSI0_DOP, CSI0_DON, CSI0_D1P, CSI0O_D1N, CSI0_D2P, CSIO_D2N,
CSI0_D3P, CSI0_D3N,
CSI-2 voltage CSI0_CLKP, CSI0_CLKN, CSI1_DOP, CSI1_DON, CSI1_D1P, -0.3 1.32 \
CSI1_D1N, CSI1_D2P, CSI1_D2N, CSI1_D3P, CSI1_D3N, CSI1_CLKP,
CSI1_CLKN
PDB -0.3 3.96 \
LVCMOS 10 voltage
g GPIO[7:0], REFCLK, RES, CMLOUTP, CMLOUTN -0.3 VW%DéO) * v
Configuration input voltage ~ |MODE, IDX -0.3 V<V%D§3> * \Y
Open-Drain voltage 12C_SDA, 12C_SCL, 12C_SDA2, I12C_SCL2, INTB -0.3 3.96 Vv
Junction temperature 150 °C
Storage temperature, Tgig -65 150 °C

M
@

and specifications.

If Military/Aerospace specified devices are required, please contact the Texas Instruments Sales Office or Distributors for availability

Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings

only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.
6.2 ESD Ratings

V(Esp)

Electrostatic discharge

VALUE UNIT
RINO+, RINO-, RIN1+, RIN1-,
Human body model (HBM), per AEC RIN2+, RIN2-, RIN3+, RIN3- +6000 \
Q100-002(") -
Other pins +3000 \%
Charged device model (CDM), per AEC Q100-011 +1000 \Y
ESD Rating (IEC 61000-4-2) Contact Discharge
Rp=330 Q, Cs = 150 pF (RINO+, RINO-, RIN1+, RIN1-, +10 000 \
RIN2+, RIN2-, RIN3+, RIN3-)
Air Discharge
(RINO+, RINO-, RIN1+, RIN1-, +21 000 \Y
RIN2+, RIN2-, RIN3+, RIN3-)
ESD Rating (ISO 10605) Contact Discharge
Rp=330 Q, Cs = 150 pF and 330 pF | (RINO+, RINO-, RIN1+, RIN1-, +10 000 \Y
Rp=2 kQ, Cg = 150 pF and 330 pF RIN2+, RIN2-, RIN3+, RIN3-)
Air Discharge
(RINO+, RINO-, RIN1+, RIN1-, +21 000 \
RIN2+, RIN2-, RIN3+, RIN3-)

(1)

AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
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6.3 Recommended Operating Conditions

Over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
Vvop11) 1.045 1.1 1155 V
Supply voltage
V(voD18) 1.71 18 189 V
LVCMOS 1/O supply voltage Vivooio) = 1.8V 17 18 189 V
OR V(yppio) =3.3V 3.0 3.3 36| V
Open-drain voltage INTB = V(ntB), 12C pins = V(ioc) 1.71 36| V
Operating free-air temperature, Tp -40 25 105| °C
MIPI data rate (per CSI-2 lane) 368 800 1664 | Mbps
MIPI CSI-2 HS clock frequency 184 400 832| MHz
Reference clock frequency 23 25 26| MHz
Spread-spectrum reference clock modulation REFCLK, Center spread 05 05| %
percentage REFCLK, Down spread -1 0] %
Local 12C frequency, fioc 1| MHz
V(vbp11) 25| mVpp
V(vbb18) 50| mVp.p
Supply noise(!) V(vopioy = 1.8 V 50| mVp.p
Vvopio)=3.3V 100 | mVp.p
RINO+, RIN1+, RIN2+, RIN3+ 10 mVp_p
(1) DC to 50 MHz.
6.4 Thermal Information
DS90UB960-Q1
THERMAL METRIC(") RTD (VQFN) UNIT
64 PINS
Rgya Junction-to-ambient thermal resistance 23.8 °C/W
Rauc(ror) Junction-to-case (top) thermal resistance 10.4 °C/W
RascoT) Junction-to-case (bottom) thermal resistance 0.4 °C/W
Rgys Junction-to-board thermal resistance 7.6 °C/W
Wyt Junction-to-top characterization parameter 0.1 °C/W
Wi Junction-to-board characterization parameter 7.5 °C/W

M

report, SPRA953.

6.5 DC Electrical Characteristics

Over recommended operating supply and temperature ranges unless otherwise specified.

For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
POWER CONSUMPTION
CSI-2 TX =2 x (4 data lanes + 1 CLK
lane)
. CSI-2 TX line rate = 1.664 Gbps
Pr Total power GoNSUMPON |4 x FPD-Link Il RX inputs VoS, Voo, 800 999 mw
P FPD-Link Il line rate = 4.16 Gbps
CSI-2 mode, Non-replicate mode
Default registers

Copyright © 2023 Texas Instruments Incorporated
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6.5 DC Electrical Characteristics (%)

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
SUPPLY CURRENT
CSI-2 TX = 4 data lanes + 1 CLK lane VDD11 165 310
CSI-2 TX line rate = 1.664 Gbps
4 x FPD-Link Il RX inputs vbD18 295 340 mA
FPD-Link Il line rate = 4.16 Gbps
o CSI-2 mode, Non-replicate mode VDDIO 2 3
Deserializer supply Default registers
lopT1 current (includes load
current) CSI-2 TX = 4 data lanes + 1 CLK lane VDD11 150 290
CSI-2 TX line rate = 832 Mbps
4 x FPD-Link Il RX inputs vbD18 295 340 mA
FPD-Link Il line rate = 4.16 Gbps
CSI-2 mode, Non-replicate mode VDDIO 2 3
Default registers
CSI-2 TX =2 x (4 data lanes + 1 CLK VDD11 174 360
lane)
CSI-2 TX line rate = 1.664 Gbps vbD18 312 370
4 x FPD-Link Il RX inputs mA
FPD-Link Il line rate = 4.16 Gbps
o CSI-2 mode, Replicate mode vbDIO 2 3
Deserializer supply Default registers
IbpT2 current (includes load
current) CSI-2 TX =2 x (4 data lanes + 1 CLK VDD11 127 305
lane)
CSI-2 TX line rate = 832 Mbps VDD18 369 415
4 x FPD-Link lll RX inputs mA
FPD-Link Ill line rate = 4.16 Gbps
CSI-2 mode, Replicate mode VDbDIO 2 3
Default registers
CSI-2 TX = 4 data lanes + 1 CLK lane VDD11 122 300
CSI-2 TX line rate = 1.664 Gbps
4 x FPD-Link Il RX inputs vDD18 263 305 mA
FPD-Link Il line rate = 1.867 Gbps
RAW12 HF mode, Non-replicate mode VDDIO 2 3
Deserializer supply Default registers
IbpT3 current (includes load CSI-2 TX = 2 x (4 data lanes + 1 CLK VDD11 120 330
current) lane) VDD18 315 365
CSI-2 TX line rate = 832 Mbps
4 x FPD-Link Ill RX inputs mA
FPD-Link Il line rate = 1.867 Gbps
RAW12 HF mode, Replicate mode VDDIO 2 3
Default registers
VDD11 160
ooz Deserializer shutdown PDB = LOW VDD18 2l mA
current
VDDIO 3
1.8-VLVCMOS /IO
: _ _ . V(vbpIo)
VOH ngh level output voItage IOH =-2 mA, V(VDDIO) =171t01.89V GP'O[?O] — 045 V(VDDIO) \%
VoL Low level output voltage |loL =2 mA, V(yppio)=1.71101.89V GPIO[7:0], INTB GND 0.45 \Y
V High level input voltage 0.65 V
" Y, =1.711t01.89 V GPIO[7:0], PDB, | V(vbpIo) e v
_ (VbDIo) = - ' REFCLK 0.35 x
Vi Low level input voltage GND )
V(vbbio)
ViN = V(VDDIO) =1.71101.89 V, internal GPIO[7:0], PDB 45 115 A
) pulldown enabled
i1 Input high current -
ViN = V(vppioy = 1.7110 1.89 V, internal GPIQ[7:0], 20 A
pulldown disabled REFCLK H
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6.5 DC Electrical Characteristics (%)

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
_ GPIO[7:0], PDB,
I Input low current Viy =0V REFCLK -20 3.5 pA
IIN—STRAP Strap pln input current VlN =0Vto V(VDD18) MODE, IDX -1 1 HA
Output short circuit _ .
los current Vour =0V GPIO[7:0] —40 mA
loz TRI-STATE output current |Voyr = 0 V or Viyppioy , PDB = LOW GPIO[7:0] -20 20| pA
3.3-VLVCMOS I/O
VoH High level output voltage |loy =—4 mA, V(VDDIO) =3.0to 36V GP|0[70] 2.4 V(VDDIO) \%
VoL Low level output voltage | lop =4 mA, V(yppio) = 3.0t0 3.6 V GPIO[7:0], INTB GND 0.4 \%
GPIOQ[7:0], 2 Vv v
Vi Highlevel input voltage | Viyppio) = 3.0 10 3.6 V REFCLK (vbDIO)
PDB 1.17 V(vbbio) \%
GPIOQ[7:0], GND 08 Vv
Vi Low level input voltage | Vyppio) = 3.0 to 3.6 V REFCLK
PDB GND 0.63 Y
VIN = V(VDDIO) =3.0t0 3.6 V, internal GPIO[70], PDB 85 215 HA
. pulldown enabled
iy Input high current -
VIN = V(VDDIO) =3.0t0 3.6 V, internal GP|0[70], 30 A
pulldown disabled REFCLK H
GPIO[7:0], PDB,
M Input low current ViN = Vvppig) =0V RF[EFC]LK -20 3.5 pA
Output short circuit _ .
los current Voyr =0V GPIOI[7:0] —65 mA
loz TRI-STATE output current | Voyr = 0 V or Vyppioy , PDB = LOW GPIO[7:0] -20 30| pA
I2C SERIAL CONTROL BUS
. 0.7 x
Viy Input high level V(i2c) \%
V(i2c)
0.3 x
Vi Input low level GND \Y
V(i2c)
Vhys Input hysteresis 50 mV
Vic)=3.0t03.6V, |Standard-mode 12C_SDA,
loL =3 mA Fast-mode 12C_SCL
Vo1 Output low level 12C_SDAZ2, 0 0.4 \Y
Vieg) = 301036V, oot mode Plus 12C_SCL2
loL = 20 mA
V(2cy=1.71t0 1.89 V, | Fast-mode 0.2 x
VoL Output low level loL =2 mA Fast-mode Plus 0 V(i20) v
Iin Input current ViN=0Vor V) -10 10| pA
Cin Input capacitance 5 pF
FPD-LINK Il RECEIVER INPUT
Vem Common mode voltage RINO+, RINO-, 1.2 \Y
- RIN1+, RIN1-,
Ry Intelzrnal termination Single-ended RIN+ or RIN- RIN2+ RIN2-. 40 50 60 Q
resistance Differential across RIN+ and RIN- RIN3+, RIN3- 80 100 120 Q
FPD-LINK Il BACK CHANNEL DRIVER OUTPUT
. RL =50Q
Back channel single- : ) . RINO+, RIN1+
VouTt.BC ended output voltage Coaxial conflguratlgn RIN2+ RIN3+ 190 220 260 mV
Forward channel disabled
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6.5 DC Electrical Characteristics (%)

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
Back channel differential |R_ =100 Q E:m?: E:“?:
Vop.sc output voltage V(rin+) - STP configuration RIN2+’ RIN2-’ 380 440 520 mV
V(RIN-) Forward channel disabled RIN3+, RIN3-
HSTX DRIVER
HS transmit static CSI0_DOP,
Vewrx common-mode voltage CSI0_DON, 150 200 250) mv
| Vemtx mismatch when CSlo_D1P,
; CSlo D1N, 5 mVp_p
AVCMTX('],O)' outputis 1 or0 CS'O_DZP
HS transmit differential CSI0 D2N
V, — ’ 14 2 27 \Y
[Vool voltage CSI0 D3P, 0 00 0| m
i CSI0_D3N
Vop mismatch when — ’
|AVopl output is 1 or 0 CSIO_CLKP, 14| mv
CSI0_CLKN,
VoHHS HS output high voltage CSI1_DOP, 360, mVv
Single-ended output CSI1_DON,
Zos imp% e CSI_D1P. 40 50 625 Q
CSI1_D1N,
CSI1_D2P,
] o CSI1_D2N,
AZos Mlsmat_ch in single-ended CSI1_D3P, 10 %
output impedance CSI1_D3N,
CSI1_CLKP,
CSI1_CLKN
LPTX DRIVER
v Hiah level outout volt. CSI-2 TX line rate < 1.5 Gbps CSI0_DOP, 1.1 1.2 1.3 Y
igh level output voltage
oH 9 P 98 [Csl-2 TX line rate > 1.5 Gbps gg'lg—g?g’ 0.95 13] v
VoL Low level output voltage CSIO:D1 N:, -50 50| mV
CSI0_D2P,
CSI0_D2N,
CSI0_D3P,
CSI0_D3N,
CSI0_CLKP,
CSI0_CLKN,
CSI1_DOP,
. CSI1_DON,
Zop Output impedance csii D1P 110 Q
CsI1_D1N,
CSI1_D2P,
CSI1_D2N,
CSI1_D3P,
CSI1_D3N,
CSI1_CLKP,
CSI1_CLKN
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6.6 AC Electrical Characteristics

Over recommended operating supply and temperature ranges unless otherwise specified.

PARAMETER TEST CONDITIONS PIN OR
FREQUENCY

MIN TYP MAX| UNIT

LVCMOS I/0

LVCMOS low-to-high V(vopio) = 1.71 V10 1.89 V
transition time OR

ton GPIO[7:0] 2.5

V(VDDIO) -30Vto36V
LVCMOS high-to-low Ci = 8 pF (lumped load)
transition tirr?e Default Registers GPIO[7:0] 25
(4 6-1)

Power supplies applied and
stable (x| 8-18)

ns
tene

trDB PDB reset pulse width PDB 2 ms

FPD-LINK Il RECEIVER INPUT

Coaxial cable attenuation =
-19.2dB @ 2.1 GHz

STP cable attenuation =-19.6
dB @ 2.1 GHz

CSI-2 Mode, paired with
DS90UB953-Q1, coaxial cable
attenuation =-19.2 dB @ 2.1
GHz, AEQ range +/-3

CSI-2 Mode, paired with
DS90UB953-Q1, coaxial cable
attenuation =-19.2dB @ 2.1
GHz, AEQ default range

Raw Mode, paired with

DS90UB933-Q1, coaxial cable
attenuation = -14 dB @ 1.4 GHz, RINO+, RINO-,
AEQ range +/-3 RIN1+, RIN1-,

: . RIN2+, RIN2-,
Raw Mode, paired with RIN3+, RIN3-

DS90UB933-Q1, coaxial cable
attenuation =-14 dB @ 1.4 GHz,
AEQ default range

CSI-2 Mode, paired with
DS90UB953-Q1, coaxial cable
attenuation =-19.2 dB @ 2.1
GHz, Jitter frequency >
FPD3_PCLK(" /15

See ©/2927.4.6
tIJIT Input jltter 0.4 Ul
CSI-2 Mode, paired with

DS90UB953-Q1, STP cable
attenuation =-19.6 dB @ 2.1
GHz, Jitter frequency >
FPD3_PCLK(") /15

See t725.-7.4.6

VIN Single ended input voltage 60 mV

Vip Differential input voltage 115 mV

15 30| ms

400 ms

tooLT Deserializer data lock time

15 30| ms

400 ms

FPD-LINK Il BACK CHANNEL DRIVER

Back channel output eye Coaxial or STP configuration,
Ew.sc ) _ 0.7 0.8 Ulgc
width fgc = 52 Mbps RINO+. RINO-
Coaxial configuration, fgc = 52 RIN1+, RIN1-,
130 160 mV
E Back channel output eye Mbps g'méﬁ lglll\\lé-’
H-BC : + _
height i i = ’
9 STP configuration, fgc = 52 260 320 mv
Mbps
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6.6 AC Electrical Characteristics (%)

Over recommended operating supply and temperature ranges unless otherwise specified.

PARAMETER TEST CONDITIONS PIN OR
FREQUENCY MIN TYP MAX| UNIT
2x
CSI-2 synchronous mode REFCLK Mbps
CSI-2 synchronous mode, no
REFcu}é RINO+, RINO-, 46 56| Mbps
RIN1+, RIN1-,
fac Back channel data RIN2+ RIN2-. 2%
CSI-2 non-synchronous mode RIN3+, RIN3- REFCLK Mbps
/5
Raw mode REFC/I;IS Mbps

(1) FPD3_PCLK frequency is a function of the PCLK, CLK_IN or REFCLK frequency and dependent on the serializer operating MODE:
CSI-2 syncronous mode: FPD3_PCLK =4 x REFCLK
CSI-2 non-syncronous mode: FPD3_PCLK =2 x CLK_IN
RAW 10-bit mode: FPD3_PCLK = PCLK / 2
RAW 12-bit HF mode: FPD3_PCLK =2 x PCLK / 3
RAW 12-bit LF mode: FPD3_PCLK = PCLK

6.7 CSI-2 Timing Specifications

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
FREQUENCY

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

HSTX DRIVER

CSI0_DOP, 368 736 1472] Mbps
CSI0_DON,

CSI0 DIP 400 800 1600| Mbps
CSI0_D1N,
CSI0_D2P,
CSI0_D2N,
CSI0_D3P,
CSI0_D3N,
CSI1_DOP,
CSI1_DON, 416 832 1664
cs1_D1P,
CSl1_D1N,
CS1_D2P,
CSI1_D2N,
CSI1_D3P,
CSI1_D3N,

CSI0_CLKP, 184 368 736| MHz

CSI0_CLKN,
CSITOLKP, 200 400 800| MHz

CSIM_CLKN 208 416 832| MHz

REFCLK =23 MHz
REFCLK =25 MHz

HSTXper Data rate

REFCLK = 26 MHz Mbps

REFCLK =23 MHz
REFCLK = 25 MHz
REFCLK = 26 MHz

foLk DDR clock frequency
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6.7 CSI-2 Timing Specifications (¥tX)

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
Common mode voltage CSI0 DOP
AVCMTX(HF) variations HF Above 450 MHz CS|0:D0N', 15 mVRMs
Common mode voltage CSI0_D1P,
AVCMTX(LF) variations LF Between 50 and 450 MHz CS'O_D1N, 25 mVRMS
trRHS 20% to 80% rise and fall HS HS data rates < 1 Gbps ggllg—gés
t (Ul'=1ns) - ’ 03 ul
FHS CSI0_D3P,
HS data rates > 1 Gbps CSI0_D3N,
(Ul =1 ns) but less than CSI0_CLKP, 0.35 Ul
1.5 Gbps (Ul = 0.667 ns) CSI0_CLKN,
Applicable when CSI1_DOP,
. ; CSI1_DON,
supporting maximum HS — 100 ps
data rates < 1.5 Gbps CSI1_D1P,
: : CSI1_D1N,
Applicable for all HS data CSI1_D2P,
rates when supporting > CSI1_D2N, 0.4 Ul
1.5 Gbps. CSI1_D3P,
Applicable for all HS data CSI1_D3N,
rates when supporting > CSl1_CLKF, 50 ps
1.5 Gbps. CSI1_CLKN
fLpmax -18 dB
HS data rates
f <1.5 Gbps -9 dB
fmax -3 dB
SDDx TX differential return loss
fLpmax -18 dB
HS data rates
fu >1.5 Gbps -45 dB
fmax 2.5 dB
DC to fLPMAX -20 dB
SCCqx TX common mode return loss | fy Al ';?egata -15 dB
fmax -9 dB
LPTX DRIVER

Copyright © 2023 Texas Instruments Incorporated
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6.7 CSI-2 Timing Specifications (¥tX)

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
trLp Rise time LP(") 15% to 85% rise time 25| ns
trLp Fall time LP(") 15% to 85% fall time 25| ns
treoT Rise time post-EoT(") 30%-85% rise time 35| ns
First LP exclusive-OR
. clock pulse after Stop
t Pulse width of the LP state or last pulse before 40 ns
LP-PULSE-TX  exclusive-OR clock(" Stop state
All other pulses 20 ns
¢ Period of the LP exclusive-OR CSI0_DOP, 90
LP-PER-TX clock CSI0_DON, ns
CSI0_D1P,
CLOAD =0 pF CSlO_D1N, 500 mV/ns
Croap =5 pF CSI0_D2P, 300| mV/ins
— CSI0_D2N,
CrLoap = 20 pF CSI0_D3P, 250 mV/ns
CLoap = 70 pF CSI0_D3N, 150| mV/ns
CLoap = 0 to 70 pF (falling gg:g_gt&rz'
edge only), datarate < 1.5 - ’ 30 mV/ns
Gbps CSI1_DOP,
‘ CSI1_DON,
CLoap = 01to 70 pF (falling | CSI1_D1P,
edge only), data rate < 1.5 CSI1_D1N, 30 mV/ns
Gbps CSI1_D2P,
DV/DtSR Slew rate(") CLoap = 0 to 70 pF (falling CSI1_D2N,
edge only), data rate > 1.5 CSI1_D3P, 25 mV/ns
CSI1_D3N,
Gbps -
- CSI1_CLKP,
CLoap =010 70 pF (falling | csI1_CLKN
edge only), data rate > 1.5 25 mV/ns
Gbps
. 30 -0.075x%
CLoap = 0 to 70 pF (falling (VO,INST - mV/ns
edge only)@ () , 700)
. 25 - 0.0625x%
CLoap = 0 to 70 pF (falling (VO.INST - mV/ns
edge only)®) () ’ 550)
CLoap Load capacitance(") 0 70| pF
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6.7 CSI-2 Timing Specifications (¥tX)

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
DATA-CLOCK TIMING ([X| 6-6, [X] 6-7)
In1, 2,3, or4lane CSI0_DOP,
. configuration CSI0_DON,
UlinsT Ul instantaneous Data rate = 368 Mbps to CSI0_D1P, 0.6 2.7 ns
1.664 Gbps CSI0_D1N,
CSI0_D2P,
Ulz1ns 6-5 - ’ -10% 10% ul
AUI Ul variation ( ) CSI0_D2N,
Ul < 1 ns (4 6-5) CSI0_D3P, -5% 5%| Ul
CSI0_D3N,
Data to clock skew (measured 6D—a5ta rate < 1 Gbps (I CSI0_CLKP, 015 0.15| Ulst
) at transmitter) ) CSI0_CLKN,
SKEW(TX) Skew between clock and data |1 Gbps < Data rate < 1.5 CSI1_DOP, 0.2 o2l ul
from ideal center Gbps (4 6-5) CSI1_DON, -Y. . INST
. CSI1_D1P,
Sth.W(m Static data to clock skew CSI1_D1N, 0.2 0.2| UlsT
static CSI1_D2P,
t . CSI1_D2N,
ds}t(ﬁ;’vrgi)é) Dynamic data to clock skew | pData rate > 1.5 Gbps CSI1 D3P, -0.15 0.15| UlnsT
CSI1_D3N,
ISl Channel ISI CSI1_CLKP, 0.2| Ulnst
CSI1_CLKN
GLOBAL TIMING (14 6-6, 4 6-7)
i 60 +
tcLk-POST HS exit ns
CSI0_DOP, 52xUlist
Time HS clock shall be driver CSI0_DON,
t prior to any associated Data CSI0_D1P, 8 ul
CLK-PRE Lane beginning the transition CSI0_D1N, INST
from LP to HS mode CSI0_D2P,
CSI0_D2N,
tCLK—PREF’ARE Clock Lane HS Entry CS'O:D3P, 38 95 ns
Time interval during which the CSI0_D3N,
tcukseTTLe HS receiver shall ignore any CSI0_CLKP, 95 300 ns
Clock Lane HS transitions CSI0_CLKN,
Time-out at Clock Lane Display CSI1_DOP, Time for Dn
CSI1_DON,
tcuk-TErRM-EN Module to enable HS CSI1 D1P to reach 38 ns
Termination CSI1:D1 N, VTERM-EN
Time that the transmitter drives CSI1_D2P,
t the HS-0 state after the last CSI1_D2N, 60 ns
CLK-TRAIL  payload clock bit of a HS Csl1_D3P,
transmission burst CSI1_D3N,
. TCLK-PREPARE + time that CSl1_CLKF,
f'{K'PREPARE the transmitter drives the HS-0 CSI1_CLKN 300 ns
CLK-ZERO  state prior to starting the Clock
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6.7 CSI-2 Timing Specifications (¥tX)

Over recommended operating supply and temperature ranges unless otherwise specified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
Time for the Data Lane receiver Time for Dn 35+
to-termen  to enable the HS line to reach V- axUl ns
termination TERM-EN INST
Transmitted time interval from
the start of tys_tralL to the start 10 DOP 105 +
teor of the LP-11 state following a gglg_DgN‘ 12xUlsr| ™
HS burst CSI0_D1P,
¢ Time that the transmitter drives CSIO:D1 N, 100 ns
HS-EXIT LP=11 following a HS burst CSI0_D2P,
CSI0_D2N,
ths.prepare  Data Lane HS Entry CSI0_D3P, 4fo0 * 6xU|85 "l ons
CSIO_D3N, INST INST
tus-prepaRe * time that the CSI0_CLKP,
ths-PREPARE  transmitter drives the HS-0 CSI0_CLKN, 145 + ns
+tyszero  state prior to transmitting the CSI1_DOP, 10xUliNsT
Sync sequence CSI1_DON,
Time interval during which the g§||11_g11[5
HS receiver shall ignore any CSI1_D2P‘ 85 + 145 +
tHs-sETTLE Data Lane HS transitions, CSI1_D2N‘ 6xUl 10xUI ns
starting from the beginning of CSI1_D3P‘ INST INST
tHs-seTTLE CSI1 D3N,
Time interval during which the CSI1_CLKP,
HS-RX should ignore any CSI1_CLKN
transitions on the Data Lane, 55 +
ths-skiP following a HS burst. The end 40 axUl ns
point of the interval is defined INST
as the beginning of the LP-11
state following the HS burst.
. CSI0_DOP, 60 +
tHs-TRAIL Data Lane HS Exit CSI0_DON, 4xUl\sT ns
tLpx Transmitted length of LP state ggllg—g:s 50 ns
CSI0_D2P,
CSI0_D2N,
CSI0_D3P,
CSI0_D3N,
CSI0_CLKP,
CSI0_CLKN,
CSI1_DOP,
¢ Recovery Time from Ultra Low CSI1_DON, 1 ms
WAKEUP Power State (ULPS) CSI1_D1P,
CSI1_D1N,
CSI1_D2P,
CSI1_D2N,
CSI1_D3P,
CSI1_D3N,
CSI1_CLKP,
CSI1_CLKN
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6.7 CSI-2 Timing Specifications (¥tX)

Over recommended operating supply and temperature ranges unless otherwise specified.

PARAMETER

TEST CONDITIONS

PIN OR
FREQUENCY

MIN

TYP

MAX

UNIT

tinir

Initialization period

CSI0_DOP,
CSI0_DON,
CSI0_D1P,
CSIO_D1N,
CSI0_D2P,
CSI0_D2N,
CSI0_D3P,
CSI0_D3N,
CSI0_CLKP,
CSI0_CLKN,
CSI1_DOP,
CSI1_DON,
CSI1_D1P,
CSI1_D1N,
CSI1_D2P,
CSI1_D2N,
CSI1_D3P,
CSI1_D3N,
CSI1_CLKP,
CSI1_CLKN

100

us

(1)  Cioap includes the low-frequency equivalent transmission line capacitance. The capacitance of TX and RX are assumed to always be
<10 pF. The distributed line capacitance can be up to 50 pF for a transmission line with 2 ns delay.

(2)  When the output voltage is between 700 mV and 930 mV

(3) Applicable when the supported data rate < 1.5 Gbps

(4)  When the output voltage is between 550 mV and 790 mV

(5) Applicable when the supported data rate > 1.5 Gbps.

6.8 Recommended Timing for the Serial Control Bus

Over I2C supply and temperature ranges unless otherwise specified.

MIN TYP MAX| UNIT
Standard-mode >0 100| kHz
fscL SCL Clock Frequency Fast-mode >0 400| kHz
Fast-mode Plus >0 1| MHz
Standard-mode 4.7 us
tLow SCL Low Period Fast-mode 1.3 us
Fast-mode Plus 0.5 us
Standard-mode 4.0 us
tHicH SCL High Period Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 4.0 us
Hold time for a start or a repeated start
tHD;STA condition Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 4.7 us
Set up time for a start or a repeated
tsusTA start condition Fast-mode 06 HS
Fast-mode Plus 0.26 us
Standard-mode 0 us
tHD:DAT Data hold time Fast-mode 0 us
Fast-mode Plus 0 us
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6.8 Recommended Timing for the Serial Control Bus (#tX)

Over I2C supply and temperature ranges unless otherwise specified.

MIN TYP MAX| UNIT
Standard-mode 250 ns
tsu:pAT Data set up time Fast -mode 100 ns
Fast-mode Plus 50 ns
Standard-mode 4.0 us
tsu.sto Set up time for STOP condition Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 4.7 us
taur Bus free time between STOP and Fast-mode 13 us
START
Fast-mode Plus 0.5 us
Standard-mode 1000| ns
tr SCL & SDA rise time Fast-mode 300 ns
Fast-mode Plus 120| ns
Standard-mode 300| ns
te SCL & SDA fall time Fast-mode 300| ns
Fast-mode Plus 120| ns
Standard-mode 400| pF
Cp Capacitive load for each bus line Fast-mode 400| pF
Fast-mode Plus 550| pF
Standard-mode 345 s
tvD:DAT Data valid time Fast-mode 09| wps
Fast-mode Plus 0.45| s
Standard-mode 3.45| pus
tvp:Ack Data vallid acknowledge time Fast-mode 09| ps
Fast-mode Plus 0.45| ps
tep Input filter Fast-mode 50| ns
Fast-mode Plus 50| ns
6.9 Timing Diagrams
Vbbio

GND
toLH

6-1. LVCMOS Transition Times
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Single Rin+
Ended 4 Vi
or Rin— Vin 'y
! v

7 VoM
oV

Differential
Vip /
(Rin+) - (Rin-) / l \ / oV

B 6-2. FPD-Link Receiver VID, VIN , VCM

PDB=H

toout

OO0

GPIOX VDDIO2 —Z

(LOCK)

Rin:

6-3. Deserializer Data Lock Time

S04 j& [ X X 7 WL XA

4 BUF |

T, tow tHD:STA t—rp [« >
1 tr tf ) )
scL | 1 \ [\ 1 \
— tHD;STA —»! [ SU;STA tsu;sTO -
tHIGH
tHD;DAT [— —> tSU;DAT

START REPEATED STOP START
START

B 6-4. 12C Serial Control Bus Timing

CSI[1:0]_D[3:0]P
CSI[1:0]_D[3:0]N %
0.5U1 +

tskew
CSI[1:0]_CLKN

1 Ul—p

EJ 6-5. Clock and Data Timing in HS Transmission
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Disconnect
Clock Lane Terminator
Dp/Dn
«—Tgk-PpOST—P|¢——TepoT——> j_TCLK—fETTLE_’
VIH(min) —> [+ Toik-miss TeucTermen

Data Liane Disconnect THS-PREPARE
Dp/Dn Terminator «+—T_px < »
/ /l /l /[ /l /l / /
! I Il Il I I I \ !
VIH(min)
VIL(max) N

{ :
[~ TCLK-TRAIL THS-EXIT—P[—TLpx—P>[¢————H*TcLK.zEROP*—TCLK-PRE—P]
TCLK-PREPARE

e esvevet manndl Frihodocodooodbaf

::/ﬁ>/ — /_Ij/:

[ THs-skiP—>

6-6. Switching the Clock Lane between Clock Transmission and Low-Power Mode

< »

TD-TERM-EN
<4—THS-SETTLE >

Clock
Data Lane
Dp/Dn
VOH [—Tipx ?_ " PREPAR: Ts.zero P Ths.syne— Disconnect
—r - Terminator ~
VIH(min)
VIL(max)
T +>/
| —f—AF —rl—
VOL A—OL! » Treor
5 > Capture
D-TERM-EN 1% Data Bit [¢—Ths.skir—> LP-11
LP-11 LP-01 | LP-00 < Teon N
[—Ths.seTTLE—
+—Ths.TRAIL—>| 4+ Ths ExiT—>|
< A v 3N \p N
LOW-POWER TO START OF HIGH-SPEED TO
HIGH-SPEED HS-ZERO TRANSMISSION HI.SRI-kﬁg'I\EMEgS?OAJA HS-TRAIL LOW-POWER
TRANSITION SEQUENCE TRANSITION

B 6-7. High Speed Data Transmission Burst
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FRAME VALID

/ \ Vertical Blanking /

19 2" Last
LINE VALID Line Line Line

| | I U \

CSI_D[3:0]+

LPS LPS

=||=
© = S ]
© ) o @
a ofw
Frame

Sync
Packet

6-8. Long Line Packets and Short Frame Sync Packets

Frame Blanking

-

Line Blanking

< P Line Data

Packet Header, PH

Packet Footer, PF

< 3

Frame Blanking )

0

Line Blanking

< > Line Data

Packet Header, PH

Packet Footer, PF

Frame Blanking

Eq 6-9. CSI-2 General Frame Format (Single Rx / VC)
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HS BYTES TRANSMITTED (n) IS INTEGER MULTIPLE OF 4

LANE 0 < soT ><BYTEO><BYTE4>< BYTE8>(

HS BYTES TRANSMITTED (n) IS INTEGER MULTIPLE OF 3

XBYTE "'4>< EOT > LANE 0 < soT >< BYTEO X BYTE3 X BYTE6 X XBYTE n-3>< EOT >

LANE 1 < SoT >< BYTE1 >< BYTES X BYTE9 X

XBYTE NX EOT > LANE 1 < soT X BYTE 1 X BYTE 4 X BYTE 7 X XBYTE n-2>< EOT >

LANE 2 < soT X BYTE2 >< BYTE6 XBYTE 10X

XBYTE "'ZX EoT > LANE 2 < soT X BYTE2 X BYTES X BYTES X XBYTE n-1>< EOT >

LANE 3 < soT XBYTE3><BYTE7><BYTE11X

XBYTE r|-1>< EOT >

HS BYTES TRANSMITTED (n) IS 1 LESS THAN INTEGER MULTIPLE OF 4

HS BYTES TRANSMITTED (n) IS 1 LESS THAN INTEGER MULTIPLE OF 3

LANE 0 < soT ><BYTEO><BYTE4>< BYTEBX

LANE 0 < SoT >< BYTEO >< BYTE3 >< BYTE6 X XBYTE n-2>< EOT >

LANE 1 < soT >< BYTE1 >< BYTES X BYTE9 X

XBYTE r|-3>< EOT >
LANE 1 < SoT X BYTE1 X BYTE 4 >< BYTE7 X XBYTE n-1>< EOT >

XBYTE sz EOT >
LANE 2 < soT X BYTE2 X BYTE5 X BYTES X X EOT >

LANE 2 < soT >< BYTE2 >< BYTE6 ><BYTE 10X

)<BYTEn-1>< EOT >

LANE 3 < soT >< BYTE 3 >< BYTE7 ><BYTE 1" X

X EOT > HS BYTES TRANSMITTED (n) IS 2 LESS THAN INTEGER MULTIPLE OF 3

HS BYTES TRANSMITTED (n) IS 2 LESS THAN INTEGER MULTIPLE OF 4

LANE 0 < SoT >< BYTEO >< BYTE3 >< BYTE6 X XBYTE n-1>< EOT >

LANE 0 < soT ><BYTEO><BYTE4>< BYTESX

LANE 1 < soT X BYTE1 X BYTE 4 >< BYTE7 X X EOT >
XBYTE n-2>< EOT >

LANE 1 < soT >< BYTE1 >< BYTES >< BYTE9 >(

LANE 2 < soT >< BYTE2 >< BYTES >< BYTES X X EOT >
XBYTE n-1>< EOT >

LANE 2 < soT >< BYTE2 >< BYTE6 ><BYTE 10X

X ot )

LANE 3 < soT ><BYTE3><BYTE7><BYTE11X

>< EOT>

3 CSI-2 Data Lane Configuration

HS BYTES TRANSMITTED (n) IS 3 LESS THAN INTEGER MULTIPLE OF 4

LANE 0 < soT ><BYTEO><BYTE4>< BYTEBX

HS BYTES TRANSMITTED (n) IS INTEGER MULTIPLE OF 2

XBYTE "'1>< EOT > LANE 0 < SOoT X BYTE 0 >< BYTE 2 X BYTE4 X XBYTE n-2>< EOT >

LANE 1 < soT >< BYTE1 >< BYTES X BYTE9 X

X EOT > LANE 1 < soT X BYTE1 X BYTE 3>< BYTESX XBYTE n-1>< EOT >

LANE 2 < SoT X BYTE2 >< BYTE6 XBYTE 10><

X EOT>

LANE 3 < SoT XBYTESXBYTE7><BYTE11X

X EOT > HS BYTES TRANSMITTED (n) IS 1 LESS THAN INTEGER MULTIPLE OF 2

4 CSI-2 Data Lane Configuration (default)

LANE 0 < SOT X BYTE 0 >< BYTE 2 X BYTE 4 X XBYTE n-1>< EOT >

LANE 1 < SOoT X BYTE1 >< BYTE 3 X BYTESX X EOT >

2 CSI-2 Data Lane Configuration

6-10. 4 MIPI Data Lane Configuration
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6.10 Typical Characteristics

Bd 6-11. Typical 4 Gbps Forward Channel Monitor
Loop Through Waveform (CMLOUT)

Tek

Fasthoy Sample

20 Jyn 18 20:01:11

Cha

S0.0mY £

M2 5ns 200656 ET 50.0psht 1.25ps
4 Chd . -3.0mY

Eg 6-12. Typical 50 Mbps Back Channel Output
Waveform
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7 Detailed Description
7.1 Overview

The DS90UB960-Q1 is a sensor hub that accepts four sensor inputs from a FPD-Link Il interface. When
coupled with ADAS FPD-Link |Ill serializers (DS90UB953-Q1, DS90UB935-Q1, DS90UB933-Q1 or
DS90UB913A-Q1), the device combines data streams from multiple sensor sources onto one or two MIPI CSI-2
port(s) with up to four data lanes on each port.

K 7-1. Serializer Compatibility
SERIALIZER DS90UB953-Q1 DS90UB935-Q1 DS90UB933-Q1 DS90UB913A-Q1
Compatibility Yes Yes Yes Yes

7.1.1 Functional Description

The DS90UB960-Q1 is a sensor hub that aggregates up to four inputs acquired from a FPD-Link Ill stream and
transmitted over a MIPI sensor serial interface (CSI-2). When coupled with the DS90UB953-Q1, DS90UB935-
Q1, DS90UB933-Q1, or DS90UB913A-Q1 FPD-Link Il serializers, the DS90UB960-Q1 receives data streams
from multiple imagers that can be multiplexed on the same CSI-2 links. When paired with the DS90UB953-Q1 or
DS90UB935-Q1, the DS90UB960-Q1 operates with the full feature set. When in the backward-compatible mode
paired with a DS90UB933-Q1 or DS90UB913A-Q1, the device operates with basic functionality. The
DS90UB960-Q1 supplies two MIPI CSI-2 ports, configured with four lanes per port with up to 1.664 Gbps per
lane. The second MIPI CSI-2 output port is available to provide either more bandwidth or supply a second
replicated output. The DS90UB960-Q1 can support multiple data formats (programmable as RAW, YUV, RGB)
and different sensor resolutions. The CSI-2 Tx module accommodates both image data and non-image data
(including synchronization or embedded data packets).

The DS90UB960-Q1 CSI-2 interface combines each of the sensor data streams into packets designated for
each virtual channel. The output generated is composed of virtual channels to separate different streams to be
interleaved. Each virtual channel is identified by a unique channel identification number in the packet header.

When the DS90UB960-Q1 is paired with a CSI-2 serializer, the received FPD-Link Il forward channel is
constructed in 40-bit long frames. Each encoded frame contains video payload data, 12C forward channel data,
and additional information on framing, data integrity and link diagnostics. The high-speed, serial bit stream from
the CSI-2 serializer contains an embedded clock and DC-balancing to allow sufficient data line transitions for
enhanced signal quality. When paired with ADAS serializers in RAW input mode, the received FPD-Link IlI
forward channel is similarly constructed at a lower line rate in 28-bit long frames. The DS90UB960-Q1 device
recovers a high-speed, FPD-Link Il forward channel signal and generates a bidirectional control channel control
signal in the reverse channel direction. The DS90UB960-Q1 converts the FPD-Link Ill stream into a MIPI CSI-2
output interface designed to support automotive sensors, including 2MP/60fps and 4MP/30fps image sensors.

The DS90UB960-Q1 device has four receive input ports to accept up to four sensor streams simultaneously. The
control channel function of the serializer/deserializer pair supplies bidirectional communication between the
image sensors and ECU. The integrated bidirectional control channel transfers data bidirectionally over the same
differential pair used for video data interface. This interface has advantages over other chipsets because the
interface eliminates the need for additional wires for programming and control. The bidirectional control channel
bus is controlled through an [12C port. The bidirectional control channel supplies continuous low latency
communication and is not dependent on video blanking intervals. The DS90UB953-Q1 / DS90UB960-Q1 chipset
can operate entirely off of the back channel frequency clock generated by the DS90UB960-Q1 and recovered by
the DS90UB953-Q1. The DS90UB953-Q1 provides the reference clock source for the sensor based on the
recovered back channel clock. Synchronous clocking mode has distinct advantages in a multi-sensor system by
locking all of the sensors and the receiver to a common reference in the same clock domain, which reduces or
eliminates the need for data buffering and re-synchronization. This mode also eliminates the cost, space, and
potential failure point of a reference oscillator within the sensor. The DS90UB953-Q1 / DS90UB960-Q1 chipset
gives customers the choice to work with different clocking schemes. The DS90UB953-Q1 / DS90UB960-Q1
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chipset can also use an external oscillator as the reference clock source for the PLL as the primary reference
clock to the serializer (see the DS90UB953-Q1 data sheet).

7.2 Functional Block Diagram

RINO+ —| x _k— =
RINO- —]} o —
; | o=
all=|_ alle MIPI CSI-2
g-% ,__@_g_ || Port 0
RIN1+ —]} MIE Ik HIBIE —
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B 7-1. Functional Block Diagram

7.3 Feature Description

The DS90UB960-Q1 provides a 4:2 hub for sensor applications. The device includes four FPD-Link Il inputs for
sensor data streams from up to four DS90UB953-Q1 serializers. The interfaces are also backward-compatible to
DS90UB933-Q1 or DS90UB913A-Q1 serializers. Data received from the four input ports is aggregated onto one
or two 4-lane CSI-2 interfaces.

7.4 Device Functional Modes

The DS90UB960-Q1 supports two main operating modes:

* CSI-2 Mode (DS90UB953-Q1 and DS90UB935-Q1 compatible)
* RAW Mode (DS90UB933-Q1 and DS90UB913A-Q1 compatible)

The two modes mainly control the FPD-Link Il receiver operation of the device. In both cases, the output format
for the device is CSI-2 through one or two CSI-2 transmit ports.

Each RX input port can be individually configured for CSI-2 or RAW modes of operation. The input mode of
operation is controlled by the FPD3_MODE 0x6D[1:0] register bits in the PORT_CONFIG register. The input
mode may also be controlled by the MODE strap pin.

The DS90UB960-Q1 includes forwarding control to allow multiple video streams from any of the received ports
to be mapped to either of the CSI-2 ports.
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7.4.1 CSI-2 Mode

When operating in CSI-2 Mode, the receives CSI-2 formatted data on up to four FPD-Link Il input ports and
forwards the data to one or two CSI-2 transmit ports. The deserializer can operate in CSI|-2 mode with
synchronous back channel reference or non-synchronous mode. The forward channel line rate is independent of
the CSI-2 rate in synchronous or non-synchronous with external clock mode. The mode supports the remapping
of Virtual Channel IDs at the input of each receive port. This remapping allows the receivers to handle conflicting
VC-IDs for input streams from multiple sensors and to send those streams to the same CSI-2 transmit port.

In CSI-2 mode each deserializer Rx Port can support an FPD-Link Il line rate up to 4.16 Gbps, where the line (or

forward channel) and back channel rates are based on the reference frequency used for the serializer:

* In Synchronous mode based on REFCLK input frequency reference, the FPD-Link Il forward channel rate is
a fixed value of 160 x REFCLK. FPD3_PCLK =4 x REFCLK and back channel rate = 2 x REFCLK. For
example with REFCLK = 25 MHz, forward channel data rate = 4.0 Gbps, FPD3_PCLK = 100 MHz, back
channel data rate = 50 Mbps.

* In Non-synchronous clocking mode when the DS90UB953-Q1 uses external reference clock (CLK_IN) the
FPD-Link line rate is typically CLK_IN x 80, FPD3_PCLK =2 x CLK_IN (CLK_IN =25 - 52 MHz) or 1 x
CLK_IN (CLK_IN =50 - 104 MHz), based on serializer CLKIN_DIV selection. The back channel data rate
must be set to 10 Mbps using Register 0x58. For example, with CLK_IN = 50 MHz, forward channel rate = 4
Gbps, FPD3_PCLK = 100 MHz, REFCLK = 25 MHz, and the back channel rate is 10 Mbps. The sensor
CSI-2 rate is independent of the CLK_IN.

7.4.2 RAW Mode

In RAW mode, the DS90UB960-Q1 receives RAWS8, RAW10, or RAW12 data from a DS90UB933-Q1 or
DS90UB913-Q1 serializer. The data is translated into a RAW8, RAW10, or RAW12 CSI-2 video stream for
forwarding on one of the CSI-2 transmit ports. For each input port, the CSI-2 packet header VC-ID and Data
Type are programmable.

In RAW mode, each Rx Port can support up to:

* 12 bits of DATA + 2 SYNC bits for an input PCLK range of 37.5 MHz to 100 MHz (75 MHz for DS90UB913A-
Q1) in the 12-bit, high-frequency mode. Line rate = PCLK x (2/3) x 28. For example, PCLK = 100 MHz, line
rate = (100 MHz) x (2/3) x 28 = 1.87 Gbps. Note: No HS/VS restrictions (raw). NOTE: The back channel rate
must be set to 2.5 Mbps in this mode.

* 12 bits of DATA + 2 bits SYNC for an input PCLK range of 25 MHz to 50 MHz in the 12-bit, low-frequency
mode. Line rate = PCLK x 28. For example, PCLK = 50 MHz, line rate = 50 MHz x 28 = 1.40 Gbps. Note: No
HS/VS restrictions (raw). The back channel rate must be set to 2.5 Mbps in this mode.

* 10 bits of DATA + 2 SYNC bits for an input PCLK range of 50 MHz to 100 MHz in the 10-bit mode. Line rate =
(PCLK / 2) x 28. For example, PCLK = 100 MHz, line rate = (100 MHz / 2) x 28 = 1.40 Gbps. Note: HS/HV is
restricted to no more than one transition per 10 PCLK cycles. The back channel rate must be set to 2.5 Mbps
in this mode.

When operating with a DVP serializer, the DS90UB960-Q1 deserializer also supports DVP formats such as
YUV-422 which have the same pixel packing as RAW8, RAW10 or RAW12. For example; there are 3 YUV CSI-2
data types that have the same pixel packing as RAW10: YUV420 10 bit, YUV420 10 bit Chroma shifted or
YUV422 10 bit. These formats can be used as well as 8 bit and 12 bit YUV formats which adhere to the same
structure as RAWS8 and RAW12 respectively.

7.4.3 MODE Pin

Configuration of the device may be done through the MODE input strap pin, or through the configuration register
bits. A pullup resistor and a pulldown resistor of suggested values may be used to set the voltage ratio of the
MODE input (Vpmopg) and Vpp1g to select one of the four possible modes. Possible configurations are:
+ CSI-2 Mode (DS90UB953-Q1 and DS90UB935-Q1 compatible)

— 40-bit forward channel frame

— 50-Mbps back channel rate for serializer operation in Synchronous mode (default)
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— 10-Mbps back channel rate for serializer operation in Non-synchronous mode (must be programmed by
setting BC_FREQ_SELECT register 0x58[2:0] = 010))
e 12-bit LF / 12-bit HF / 10-bit RAW modes (DS90UB933-Q1 and DS90UB913A-Q1 compatible)
— 28-bit forward channel frame
— 2.5-Mbps back channel rate (default)

VvVDD18
RHIGH
MODE
VTARGET orolDX
R
Low Deserializer
GND

7-2. Strap Pin Connection Diagram

# 7-2. Strap Configuration Mode Select

Vmope VOLTAGE RANGE Vipx TARGET SUGGESTED STRAP RESISTORS
NO. VOLTAGE (1% TOL) RX MODE
Vmin Viyp Vmax VDD18 =1.80 V Ruich (kQ) Riow (kQ)
0 0 0 0.131 x Viypp1s) 0 OPEN 10.0 CSI-2 Non-Synchronous Mode
1 | 0.179 x V(vpp1s) | 0.213 x V(ypp1gy | 0.247 x V(ypp1g) 0.374 88.7 23.2 RAW12 LF
2 | 0.296 x V(ypp1g) | 0.330 x Viypp1g) | 0.362 * V(ypp1s) 0.582 75.0 35.7 RAW12 HF
3 | 0.412xV(ypp1g) | 0.443 x Vypp1g) | 0.474 x V(ypp1s) 0.792 71.5 56.2 RAW10
4 | 0.525 x V(ypp1g) | 0.559 x Viypp1g) | 0.592 * V(yppis) 0.995 78.7 97.6 CSI-2 Synchronous Mode
5 | 0.642 x V(ypp1g) | 0.673 x Viypp1g) | 0.704 x V(ypp1s) 1.202 39.2 78.7 RAW12 LF
6 | 0.761 x V(ypp1g) | 0.792 x Viypp1g) | 0.823 x V(ypp1s) 1.420 25.5 95.3 RAW12 HF
7 | 0.876 x V(ypp1s) Vvop18) Vvop18) 1.8 10.0 OPEN RAW10

The strapped values can be viewed and/or modified in the following locations:
*  RX Mode — Port Configuration FPD3_MODE Register 0x6D[1:0] bits
7.4.4 REFCLK

A valid 23-MHz to 26-MHz reference clock is required on the REFCLK pin 5 for precise frequency operation. The
REFCLK frequency defines all internal clock timers, including the back channel rate, 12C timers, CSI-2 datarate,
FrameSync signal parameters, and other timing critical internal circuitry. REFCLK input must be continuous. If
the REFCLK input does not detect a transition more than 20 us, this may cause a disruption in the CSI-2 output.
REFCLK should be applied to the DS90UB960-Q1 only when the supply rails are above minimum levels (see [X|
8-18). At start-up, the DS90UB960-Q1 defaults to an internal oscillator to generate an backup internal reference
clock at nominal frequency of 25 MHz +10%.

As an option for mitigating EMI / EMC, the DS90UB960-Q1 is capable of tolerating a REFCLK with spread-
spectrum clocking (SSC) profile with up to £0.5% amplitude deviations (center spread) or up to 1% amplitude
deviations (down spread) and up to 33-kHz frequency modulation from a clock source.

The REFCLK LVCMOS input oscillator specifications are listed in 3% 7-3.
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#& 7-3. REFCLK Oscillator Specifications
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT

REFERENCE CLOCK

—40°C £ Tp £ 105°C, aging, no +100 ppm

Frequency tolerance with aging spread-spectrum

Amplitude 800 1200 Vopioy| mMVp-p
Symmetry Duty Cycle 40% 50% 60%

Rise and fall time 10% — 90% 6 ns
Jitter 200 kHz — 10 MHz 50 200 psp-p
Frequency 23 25 26 MHz
Spread-spectrum clock modulation percentage | Center spread -0.5% +0.5%
(Optional) Down spread 1% 0%
Spread-spectrum clock modulation frequency 33 kHz

(Optional)

7.4.5 Receiver Port Control

The DS90UB960-Q1 can support up to four simultaneous inputs to Rx ports 0 - 4. The Receiver port control
register RX_PORT_CTL 0x0C allows for disabling any Rx inputs when not in use. These bits can only be written
by a local 12C controller at the deserializer side of the FPD-Link.

Each FPD-Link Ill Receive port has a unique set of registers that provides control and status corresponding to
Rx ports 0 - 4. Control of the FPD-Link Il port registers is assigned by the FPD3_PORT_SEL register, which
sets the page controls for reading or writing individual ports unique registers. For each of the FPD-Link Il
Receive Ports, the FPD3_PORT_SEL 0x4C register defaults to selecting that port’s registers as detailed in
register description.

As an alternative to paging to access FPD-Link Ill Receive unique port registers, separate 12C addresses may
be enabled to allow direct access to the port-specific registers. The Port 12C address registers 0xF8 - OxFB allow
programming a separate 7-bit I2C address to allow access to unique, port-specific registers without paging. 12C
commands to these assigned 12C addresses are also allowed access to all shared registers.

7.4.5.1 Video Stream Forwarding

Video stream forwarding is handled by the Rx Port forwarding control in register 0x20. Forwarding from input
ports are disabled by default and must be enabled using per-port controls. Different options for forwarding CSI-2

packets can also be selected as described starting in =2>5.2-7.4.25.
7.4.6 Input Jitter Tolerance

Input jitter tolerance is the ability of the clock and data recovery (CDR) and phase-locked loop (PLL) of the
receiver to track and recover the incoming serial data stream. Jitter tolerance at a specific frequency is the
maximum jitter permissible before data errors occur. [X| 7-3 shows the allowable total jitter of the receiver inputs
and must be less than the values in Z 7-4.
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7-3. Input Jitter Tolerance Plot

K 7-4. Input Jitter Tolerance Limit

INTERFACE JITTER AMPLITUDE (Ul p-p) FREQUENCY (MHz) ("
A1 A2 1 2
FPD3 ! d
1 0.4 FPD3_PCLK /80 FPD3_PCLK /15

(1) FPD3_PCLK frequency is a function of the PCLK, CLK_IN, or REFCLK frequency and dependent on the serializer operating MODE:
CSI-2 synchronous mode: FPD3_PCLK =4 x REFCLK
CSI-2 non-synchronous mode: FPD3_PCLK =2 x CLK_IN
RAW 10-bit mode: FPD3_PCLK = PCLK / 2
RAW 12-bit HF mode: FPD3_PCLK =2 x PCLK / 3
RAW 12-bit LF mode: FPD3_PCLK = PCLK

7.4.7 Adaptive Equalizer

The receiver inputs provide an adaptive equalization filter to compensate for signal degradation from the
interconnect components. To determine the maximum cable reach, factors that affect signal integrity such as
jitter, skew, ISI, crosstalk, and so forth, must be considered. The equalization status and configuration are
selected through AEQ registers 0xD2—0xD5.

Each RX receiver incorporates an adaptive equalizer (AEQ), which continuously monitors cable characteristics
for long-term cable aging and temperature changes. The AEQ attempts to optimize the equalization setting of
the RX receiver.

If the deserializer loses LOCK, the adaptive equalizer will reset and perform the LOCK algorithm again to
reacquire the serial data stream being sent by the serializer.

7.4.7.1 Transmission Distance

The DS90UB960-Q1 AEQ can compensate for the transmission channel insertion loss of up to —19.2 dB at 2.1
GHz. When designing the transmission channel, consider the total insertion loss of all components in the signal
path between a serializer and a deserializer. Typically, the transmission channel would consist of a serializer
PCB, two or more connectors, one or more cables, and a deserializer PCB as shown in [X| 7-4.

Serializer PCB Deserializer PCB

SER 1 3 DES

. LT

Dacar 462 Dacar 302 Dacar 462

BJ 7-4. Typical Transmission Channel Components With Coaxial Cables

Assuming —1.2 dB at 2.1-GHz insertion loss (IL) budget for each serializer and deserializer PCB and 0.1 dB for
each connector, it is easy to determine maximum cable reach given the insertion loss characteristic of the cable.
For example, Dacar 462 has typical insertion loss of about —1.31 dB/m at 2.1 GHz. With the —19.2-dB total IL
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budget, the remaining IL budget for the cable is —16.6 dB (—-19.2 dB — 2 x (-1.2 dB) — 2 x (-0.1 dB)) after
insertion loss of the two PCBs and two connectors are deducted from the total channel IL budget. Given this IL
cable budget, the maximum cable reach with a single Dacar 462 is greater than 12 m (—-16.6 dB / —1.31 dB/m).

Lower loss cables such as Dacar 302 (typical insertion loss of —0.78 dB/m at 2.1 GHz) may be used alone or in
combination with Dacar 462 to achieve even longer transmission distances as exemplified in 7-4. & 7-5
shows typical Dacar 462 and Dacar 302 cable combinations that achieve a 15-m transmission distance and stay
within the maximum insertion loss budget.

# 7-5. Typical 15-m Cable Combinations with Dacar 462 and Dacar 302 Cables

PCB INSERTION CONNECTOR DACAR 462 DACAR 302 TOTAL CHANNEL
EXAMPLE LOSS AT 2.1 GHz INSERTION LOSS AT |INSERTION LOSS AT | INSERTION LOSS AT INSERTION LOSS AT 2.1
. 2.1 GHz 2.1 GHz 2.1 GHz GHz
A 2 x(-1.2)dB 4 x(-0.1) dB 2x 2.5dné/>;n(—1.31) 10 m x (-=0.78) dB/m -14.75 dB
B 2 x(-1.2)dB 4 x(-0.1) dB 2x3 ?Bjrr(;1.31) 9 m x (-0.78) dB/m -15.28 dB
C 2x(-1.2)dB 4 x(-0.1) dB 2x4 357;_1'31) 7 m x (-0.78) dB/m -16.87 dB

7.4.7.2 Channel Requirements

For optimal AEQ performance and error free operation, the end-to-end transmission channel (Including cables,
connectors, and PCBs) needs to meet insertion loss, return loss (impedance control), and crosstalk
requirements given in 3% 7-6 and 3 7-7. Poor impedance control or insertion loss of the transmission channel
and poor channel to channel isolation (low IL / FEXT) may result in significant reductions in the maximum
transmission distance.

¢ 7-6. Transmission Channel Requirements for Coaxial Cable Applications

PARAMETER MIN TYP MAX| UNIT
Zyace Single-ended PCB trace characteristic impedance 45 50 55| Q
Z.aple Coaxial cable characteristic impedance 45 50 55| Q
Zcon Connector (mounted) characteristic impedance 40 50 625 Q
Y2 fgc <f<0.1 GHz -16| dB
RL Return Loss, S11 0.1 GHz < f< 1 GHz (fin GHz) -9+ 7 xlog(f)| dB
1GHz < f<fgc -9/ dB
f=1MHz -1.4 dB
f=5MHz -2.3 dB
f=10 MHz -25 dB
IL Insertion Loss, S12 =50 MHz =35 ®
f=100 MHz -4.5 dB
f=0.5GHz -9.5 dB
f=1GHz -14.0 dB
f=2.1GHz -21.6 dB
FEXT Maximum Far End Crosstalk f<21GHz -30 dB
NEXT Maximum Near End Crosstalk f <100 MHz -30 dB
& 7-7. Transmission Channel Requirements for STP / STQ Cable Applications
PARAMETER MIN TYP MAX | UNIT
Zywace Differential PCB trace characteristic impedance 90 100 110 Q
Zsane STP/STQ cable characteristic impedance 85 100 15 Q
Zson Differential connector (mounted) characteristic impedance 80 100 125 Q
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# 7-7. Transmission Channel Requirements for STP / STQ Cable Applications (#zX)

PARAMETER MIN TYP MAX| UNIT
Y2 fgc <f<0.01 GHz -20| dB
RL  Return Loss, SDD11 ggl)GHz <f<0.5GHz (fin —20 +20(f)| dB
0.5 GHz < f < fr¢ -10| dB
f=1MHz -1.1 dB
f=5MHz -14 dB
f=10 MHz -1.6 dB
IL Insertion Loss, SDD12 =50 MHz 27 ®
f=100 MHz -34 dB
f=0.5GHz -7.8 dB
f=1GHz -12.0 dB
f=2.1GHz -19.6 dB
:—EI;XT Insertion Loss to Far End Crosstalk Ratio f<21GHz -20 dB
NEXT Maximum Near End Crosstalk f <200 MHz -30| dB

7.4.7.3 Adaptive Equalizer Algorithm

The AEQ process steps through the allowed equalizer control values to find a value that allows the Clock Data
Recovery (CDR) circuit to keep a valid lock condition. The circuit waits for a programmed re-lock time period for
each EQ setting, then the circuit checks the results for a valid lock. If a valid lock is detected, the circuit will stop
at the current EQ setting and maintain a constant value as long as the lock state persists. If the deserializer
loses the lock, the adaptive equalizer will resume the LOCK algorithm and the EQ setting is incremented to the
next valid state. When the lock is lost, the circuit will search the EQ settings to find another valid setting to
reacquire the serial data stream sent by the serializer that remains locked.

7.4.7.4 AEQ Settings
7.4.7.4.1 AEQ Start-Up and Initialization

The AEQ circuit can be restarted at any time by setting the AEQ_RESTART bit in the AEQ_CTL2 register 0xD2.
When the deserializer is powered on, the AEQ is continually searching through the EQ settings and could be at
any setting when the serializer supplies a signal. If the Rx Port CDR locks to the signal, it may be acceptable for
low bit errors, but it may not optimized or overequalized. When connected to a compatible serializer
(DS90UBY53-Q1, DS90UB933-Q1 or DS90UB913A-Q1), the DS90UB960-Q1 will restart the AEQ adaption by
default after the device achieves the first positive lock indication to supply a more consistent start-up from known
conditions.

With this feature disabled, the AEQ may lock at a relatively random EQ setting based on when the FPD-Link IlI
input signal is initially present. Alternatively, AEQ_RESTART or DIGITAL_RESETO can be applied once the
compatible serializer input signal frequency is stable to restart adaption from the minimum EQ gain value. These
techniques allow for a more consistent initial EQ setting following adaption.

7.4.7.4.2 AEQ Range

The AEQ circuit can be programmed with minimum and maximum settings used during the EQ adaption. Using
the full AEQ range provides the most flexible solution, if the channel conditions are known however, an improved
deserializer lock time can be achieved by narrowing the search window for allowable EQ gain settings. For
example, in a system use case with a longer cable and multiple interconnects creating higher channel
attenuation, the AEQ would not adapt to the minimum EQ gain settings. Likewise, in a system use case with a
short cable and low channel attenuation, the AEQ would not generally adapt to the highest EQ gain settings. The
AEQ range is determined by the AEQ_MIN_MAX register 0OxD5 where AEQ_MAX sets the maximum value of
EQ gain. The ADAPTIVE_EQ_FLOOR_VALUE determines the starting value for EQ gain adaption. To enable
the minimum AEQ limit, the SET_AEQ_FLOOR bit in the AEQ_CTL2 register 0xD2[2] must also be set. An AEQ
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range (AEQ_MAX - AEQ_FLOOR) to allow a variation around the nominal setting of —2/+4 or +£3 around the
nominal AEQ value specific to Rx port channel characteristics gives a good trade-off in lock time and
adaptability. The setting for the AEQ after adaption can be read back from the AEQ_STATUS register 0xD3. The
suggested AEQ_FLOOR settings are given in 2 7-8.

#+ 7-8. Suggested ADAPTIVE_EQ_FLOOR_VALUE as a Function of Channel Insertion Loss
CHANNEL INSERTION LOSS AT 2.1 GHz (dB) ADAPTIVE_EQ_FLOOR_VALUE

Upto-9.4
-9.410-13.2
-13.2t0-15.4
-15.41t0-17.8
-17.81t0-19.2

IRAESENIE=]L

7.4.7.4.3 AEQ Timing

The dwell time for AEQ to wait for lock or error-free status is also programmable. When checking each EQ
setting the AEQ will wait for a time interval, controlled by the ADAPTIVE_EQ_RELOCK TIME field in the
AEQ_CTL2 register before incrementing to the next allowable EQ gain setting. The default wait time is set to
2.62 ms based on REFCLK = 25 MHz. When the maximum setting is reached and there is no lock acquired
during the programmed relock time, the AEQ will restart adaption at minimum setting or AEQ_FLOOR value.

7.4.7.4.4 AEQ Threshold

The DS90UB960-Q1 receiver will adapt by default based on the FPD-Link error checking during the Adaptive
Equalization process. The specific errors linked to equalizer adaption, FPD-Link Il clock recovery error, packet
encoding error, and parity error can be individually selected in AEQ_CTL register 0x42. Errors are accumulated
over 1/2 of the period of the timer set by the ADAPTIVE_EQ_RELOCK_TIME. If the number of errors is greater
than the programmed threshold (AEQ_ERR_THOLD), the AEQ will attempt to increase the EQ setting.

7.4.8 Channel Monitor Loop-Through Output Driver

The DS90UB960-Q1 includes an internal Channel Monitor Loop-through output on the CMLOUTP/N pins. The
CMLOUTP/N pins supply a buffered loop-through output driver to observe the jitter after equalization for each of
the four RX receiver channels. The CMLOUT monitors the post EQ stage, thus providing the recovered input of
the deserializer signal. The measured serial data width on the CMLOUT loop-through is the total jitter including
the internal driver, AEQ, back channel echo, and so forth. Each channel also has its own CMLOUT monitor and
can be used for debug purposes. This CMLOUT is useful in identifying gross signal conditioning issues.

7% 7-9 shows the minimum CMLOUT differential eye opening as a measure of acceptable forward channel signal
integrity. A CMLOUT eye opening of at least 0.35 Ul suggests that the forward channel signal integrity is likely
acceptable. However, further testing such as BIST is recommended to verify error-free operation. An eye
opening of less than 0.35 Ul indicates possible issues with the forward channel signal integrity.

# 7-9. CML Monitor Output Driver

PARAMETER TEST CONDITIONS PIN MIN  TYP MAX| UNIT
Ew  Eyeoponing (R=7_15(;OQ CMLOUTP, CMLOUTN 0.35 Ui

(1)  Unit Interval (Ul) is equivalent to one ideal serialized data bit width. The Ul scales with serializer input PCLK frequency (RAW Modes),
serializer CLK_IN frequency (CSI-2 Mode, Serializer Non-synchronous Mode) or REFCLK (CSI-2 Mode, Serializer Synchronous
Mode).

CSI-2 Mode, Serializer Synchronous Mode: 1 Ul = 1/ (160 x REFCLK)) (typ)
CSI-2 Mode, Serializer Non-synchronous Mode: 1 Ul =1/ ( 80 x CLK_IN) (typ)
RAW 10-bit mode: 1 Ul =1/(28 x PCLK/2)

RAW 12-bit HF mode: 1 Ul =1/(28 x 2/3 x PCLK)

RAW 12-bit LF mode: 1 Ul =1/ (28 x PCLK))
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V'}" ———VOD (+)
N o0
‘}?‘ ———VOD (-)

B 7-5. CMLOUT Output Driver

7% 7-10 includes details on selecting the corresponding RX receiver of CMLOUTP/N configuration.
# 7-10. Channel Monitor Loop-Through Output Configuration

FPD3 RX Port 0 FPD3 RX Port 1 FPD3 RX Port 2 FPD3 RX Port 3
0xBO = 0x14 0xBO = 0x14 0xB0 = 0x14 0xBO0 = 0x14
ENABLE MAIN LOOPTHRU DRIVER 0xB1 = 0x00 0xB1 = 0x00 0xB1 = 0x00 0xB1 = 0x00
0xB2 = 0x80 0xB2 = 0x80 0xB2 = 0x80 0xB2 = 0x80
0xB1 = 0x01 0xB1 = 0x01 0xB1 = 0x01 0xB1 = 0x01
SELECT CHANNEL MUX 0xB2 = 0x01 0xB2 = 0x02 0xB2 = 0x04 0xB2 = 0x08
0xB0 = 0x04 0xBO = 0x08 0xB0 = 0x0C 0xB0 = 0x10
0xB1 = OxOF 0xB1 = OxOF 0xB1 = OxOF 0xB1 = OxOF
SELECT RX PORT 0xB2 = 0x01 0xB2 = 0x01 0xB2 = 0x01 0xB2 = 0x01
0xB1 = 0x10 0xB1 = 0x10 0xB1 = 0x10 0xB1 = 0x10
0xB2 = 0x02 0xB2 = 0x02 0xB2 = 0x02 0xB2 = 0x02

7.4.8.1 Code Example for CMLOUT FPD3 RX Port 0:

writeI2c(0xB0,0x14)
writer2c(0xel,0x00)
writeI2c(0xB2,0x80)
writer2c(0xB1l,0x01)
writeI2c(0xB2,0x01)
writeI2c(0xB0,0x04)
writeI2c(0xB1,0x0F)
writeI2c(0xB2,0x01)
writeIr2c(0xsl,0x10)
writeI2c(0xB2,0x02)

FPD3 RX Shared, page 0
offset 0 (reg_0_sh)
Enable loop throu driver
Select Drive Mux

FPD3 RX Port 0, page O

Loop through select

HHHHHHEHHHR

Enable CML data output

7.4.9 RX Port Status

The DS90UB960-Q1 is able to monitor and detect several other RX port specific conditions and interrupt states.
This information is latched into the RX port status registers RX_ PORT_STS1 0x4D and RX_PORT_STS2 Ox4E.
There are bits to flag any change in LOCK status (LOCK_STS_CHG) or detect any errors in the control channel
over the forward link (BCC_CRC_ERROR, BCC_SEQ_ERROR) which are cleared upon read. The Rx Port
status registers also allow monitoring of the presence stable input signal along with monitoring parity and CRC
errors, line length, and lines per video frame.

7.4.9.1 RX Parity Status

The FPD-Link Il receiver checks the decoded data parity to detect any errors in the received FPD-Link Ill frame.
Parity errors are counted up and accessible through the RX PAR_ERR_HI and RX_ PAR_ERR_LO registers
0x55 and 0x56 to provide combined 16-bit error counter. In addition, a parity error flag can be set once a
programmed number of parity errors have been detected. This condition is indicated by the PARITY_ERROR
flag in the RX_PORT_STS1 register. Reading the counter value will clear the counter value and
PARITY_ERROR flag. An interrupt may also be generated based on assertion of the parity error flag. By default,
the parity error counter will be cleared and flag will be cleared on loss of Receiver lock. To ensure an exact read
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of the parity error counter, parity checking should be disabled in the GENERAL_CFG register 0x02 before
reading the counter.

7.4.9.2 FPD-Link Decoder Status

The FPD-Link Il receiver also checks the decoded data for encoding or sequence errors in the received FPD-
Link 1l frame. If either of these error conditions are detected the FPD3_ENC_ERROR bit will be latched in the
RX_PORT_STS2 register 0x4E[5]. An interrupt may also be generated based on assertion of the encoded error
flag. To detect FPD-Link Ill Encoder errors, the LINK_ERROR_COUNT must be enabled with a
LINK_ERR_THRESH value greater than 1. Otherwise, the loss of Receiver Lock will prevent detection of the
Encoder error. The FPD3_ENC_ERROR flag is cleared on read.

When partnered with a DS90UB953-Q1, the FPD3 Encoder may be configured to include a CRC check of the
FPD3 encoder sequence. The CRC check provides an extra layer of error checking on the encoder sequence.
This CRC checking adds protection to the encoder sequence used to send link information comprised of
Datapath Control registers 0x59 and 0x5A, Sensor Status registers 0x51 - 0x54, and Serializer ID register 0x5B.
Tl recommends that designers enable CRC error checking on the FPD3 Encoder sequence to prevent any
updates of link information values from encoded packets that do not pass CRC check. The FPD3 Encoder CRC
is enabled by setting the FPD3_ENC_CRC_DIS register 0xBA[7] to 0. In addition, the FPD3_ENC_CRC_CAP
flag should be set in register Ox4A[4].

7.4.9.3 RX Port Input Signal Detection

The DS90UB960-Q1 can detect and measure the approximate input frequency and frequency stability of each
RX input port and indicate status in bits [2:1] of RX_PORT_STS2. Frequency measurement stable
FREQ_STABLE indicates the FPD-Link Il input clock frequency is stable. When no FPD-Link Il input clock is
detected at the RX input port, the NO_FPD3_CLK bit indicates that condition has occurred. The setting of these
error flags is dependent on the stability control settings in the FREQ_DET_CTL register 0x77. The
NO_FPD3_CLK bit will be set if the input frequency is below the setting programmed in the FREQ_LO_THR
setting in the FREQ_DET_CTL register. A change in frequency FREQ_STABLE = 0, is defined as any change in
MHz greater than the value programmed in the FREQ_HYST value. The frequency is continually monitored and
provided for readback through the I12C interface less than every 1 ms. A 16-bit value is used to provide the
frequency in registers Ox4F and 0x50. An interrupt can also be generated for any of the ports to indicate if a
change in frequency is detected on any port.

7.4.9.4 Line Counter

For each video frame received, the deserializer will count the number of video lines in the frame. In CSI-2 input
mode, any long packet will be counted as a video line. In RAW mode, any assertion of the Line Valid (LV) signal
will be interpreted as a video line. The LINE_COUNT_1 and LINE_COUNT_O registers can be used to read the
line count for the most recent video frame. Line Length may not be consistent when receiving multiple CSI-2
video streams differentiated by VC-ID. An interrupt may be enabled based on a change in the LINE_COUNT
value. If interrupts are enabled, the LINE_COUNT registers will be latched at the interrupt and held until read
back by the processor through the 12C.

7.4.9.5 Line Length

For each video line, the length (in bytes) will be determined. The LINE_LEN_1 and LINE_LEN_O registers can
be used to read the line count for the most recent video frame. If the line length is not stable throughout the
frame, the length of the last line of the frame will be reported. Line Count may not be consistent when receiving
multiple CSI-2 video streams differentiated by VC-ID. An interrupt may be enabled based on a change in the
LINE_LEN value. If interrupts are enabled, the LINE_LEN registers will be latched at the interrupt and held until
read by the processor through the 12C.

7.4.10 Sensor Status

When paired with the DS90UB953-Q1 serializer, the DS90UB960-Q1 is capable of receiving diagnostic
indicators from the serializer. The sensor alarm and status diagnostic information are reported in the
SENSOR_STS_X registers. The interrupt capability from detected status changes in sensor are described in =~
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> 32 7.5.9.4. This interrupt condition will be cleared by reading the SEN_INT_RISE_STS and
SEN_INT_FALL_STS registers.

7.4.11 GPIO Support

The DS90UB960-Q1 supports 8 pins which are programmable for use in multiple options through the
GPIOx_PIN_CTL registers.

7.4.11.1 GPIO Input Control and Status

Upon initialization GPIO0 through GPIO7 are enabled as inputs by default. Each GPIO pin has an input disable
and a pulldown disable control bit with exception of the open-drain GPIO3 pin. By default, the GPIO pin input
paths are enabled and the internal pulldown circuit for the GPIO is enabled. The GPIO_INPUT_CTL and
GPIO_PD_CTL registers allow control of the input enable and the pulldown, respectively. For example to disable
GPIO1 and GPIO2 as inputs you would program in register OxOF[2:1] = 11. For most applications, there is no
need to modify the default register settings for the pull down resistors. The status HIGH or LOW of each GPIO
pin 0 through 7 may be read through the GPIO_PIN_STS register OxOE. This register read operation provides
the status of the GPIO pin independent of whether the GPIO pin is configured as an input or output.

7.4.11.2 GPIO Output Pin Control

Individual GPIO output pin control is programmable through the GPIOx_PIN_CTL registers 0x10 to 0x17. To
enable any of the GPIO as output, set bit 0 = 1 in the respective register 0x10 to 0x17 after clearing the
corresponding input enable bit in register OxOF.

7.4.11.3 Forward Channel GPIO

The DS90UB960-Q1 8 GPIO pins can output data received from the forward channel when paired with the
DS90UB953-Q1 serializer. The remote Serializer GPIO are mapped to GPIO. Each GPIO pin can be
programmed for output mode and mapped. Up to four GPIOs are supported in the forward direction on each
FPD-Link Il Receive port. Each forward channel GPIO (from any port) can be mapped to any GPIO output pin.
The DS90UB933-Q1 and DS90UB913A-Q1 GPIO’s cannot be configured as inputs for remote communication
over the forward channel to the DS90UB960-Q1.

The timing for the forward channel GPIO is dependant on the number of GPIOs assigned at the serializer. When
a single GPIO input from the DS90UB953-Q1 serializer is linked to a DS90UB960-Q1 deserializer GPIO output
the value is sampled every forward channel transmit frame. Two linked GPIO are sampled every two forward
channel frames and 3-linked or 4-linked GPIOs are sampled every 5 frames. The minimum latency for the GPIO
remains consistent (approximately 225 ns), but as the information spreads over multiple frames, the jitter
typically increases on the order of the sampling period (number of forward channel frames). Tl recommends
maintaining a 4x oversampling ratio for linked GPIO throughput. For example, when operating in 4-Gbps
synchronous mode with REFCLK = 25 MHz, the maximum recommended GPIO input frequency based on the
number of GPIO linked over the forward channel is shown in & 7-11.

& 7-11. Forward Channel GPIO Typical Timing

NUMBER OF LINKED SAMPLING FREQUENCY (MHz)| MAXIMUM RECOMMENDED
FORWARD CHANNEL GPIOs | AT FPD-Link Il LINE RATE=4 | FORWARD CHANNEL GPIO TYPICAL JITTER (ns)
(FC_GPIO_EN) Gbps FREQUENCY (MHz)
1 100 25 12
2 50 125 24
4 20 5 60

In addition to mapping remote serializer GPI, an internally generated FrameSync (see 2>z 7.4.24) or other
control signals may be output from any of the deserializer GPIOs for synchronization with a local processor or
another deserializer.
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7.4.11.4 Back Channel GPIO

Each DS90UB960-Q1 GPIO pin defaults to input mode at start-up. The deserializer can link GPIO pin input data
on up to four available slots to send on the back channel per each remote serializer connection. Any of the 8
GPIO pin data can be mapped to send over the available back channel slots for each FPD-Link Ill Rx port. The
same GPIO on the deserializer pin can be mapped to multiple back channel GPIO signals. For 50-Mbps back
channel operation, the frame period is 600 ns (30 bits x 20 ns/bit). For 2.5-Mbps back channel operation, the
frame period is 12 ps (30 bits x 400 ns/bit). As the back channel GPIOs are sampled and sent back by the
DS90UB960-Q1 deserializer, the latency and jitter timing are on the order of one back channel frame. The back
channel GPIO is effectively sampled at a rate of 1/30 of the back channel rate or 1.67 MHz at fgc = 50 Mbps. Tl
recommends that the input switching frequency for the back channel GPIO is < 1/4 of the sampling rate or 416
kHz at fgc = 50 Mbps. For example, when operating in 4-Gbps synchronous mode with REFCLK = 25 MHz, the
maximum recommended GPIO input frequency based on the data rate when linked over the back channel is
shown in % 7-12.

#+ 7-12. Back Channel GPIO Typical Timing

MAXIMUM
BACK C:-Ilvﬁ::)':;il- RATE SAMPLIN?kEI:)EQUENCY RECC?-IHZ%E‘?;EZDPIB;\CK TYPICAL LATENCY (us) | TYPICAL JITTER ()
FREQUENCY (kHz)
50 1670 416 15 0.7
10 334 83.5 3.2 3
2.5 835 20 12.2 12

In addition to sending GPIO from pins, an internally generated FrameSync or external FrameSync input signal
may be mapped to any of the back channel GPIOs for synchronization of multiple sensors with extremely low
skew (see 7 >52-7.4.24).

In addition to sending GPIO from pins, an internally generated FrameSync signal may be sent on any of the back
channel GPIOs.

For each port, the following GPIO control is available through the BC_GPIO_CTLO register Ox6E and
BC_GPIO_CTLA1 register Ox6F.

7.4.11.5 GPIO Pin Status

GPIO pin status may be read through the GPIO_PIN_STS register OxOE. This register provides the status of the
GPIO pin independent of whether the GPIO pin is configured as an input or output.

7.4.11.6 Other GPIO Pin Controls

Each GPIO pin can has a input disable and a pulldown disable. By default, the GPIO pin input paths are enabled
and the internal pulldown circuit in the GPIO is enabled. The GPIO_INPUT_CTL register OxOF and
GPIO_PD_CTL register 0xBE allow control of the input enable and the pulldown, respectively. For most
applications, there is no need to modify the default register settings.

7.4.12 RAW Mode LV / FV Controls

The Raw modes provide FrameValid (FV) and LineValid (LV) controls for the video framing. The FV is equivalent
to a Vertical Sync (VSYNC) while the LineValid is equivalent to a Horizontal Sync (HSYNC) input to the
DS90UB913A-Q1 / DS90UB933-Q1 device.

The DS90UB960-Q1 allows setting the polarity of these signals by register programming. The FV and LV polarity
are controlled on a per-port basis and can be independently set in the PORT_CONFIG2 register 0x7C.

To prevent false detection of FrameValid, FV must be asserted for a minimum number of clocks prior to first
video line to be considered valid. The minimum FrameValid time is programmable in the FV_MIN_TIME register
0xBC. Because the measurement is in FPD3 clocks, the minimum FrameValid setup to LineValid timing at the
Serializer will vary based on operating mode.
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A minimum FV to LV timing is required when processing video frames at the serializer input. If the FV to LV
minimum setup is not met (by default), the first video line is discarded. Optionally, a register control
(PORT_CONFIG:DISCARD_1ST_ON_ERR) forwards the first video line missing some number of pixels at the
start of the line. There is no timing restrictions at the end of the frame.

FV

B 7-6. Minimum FV to LV

£ 7-13. Minimum FV to LV Setup Requirement (in Serializer PCLKs)

MODE FV_MI_N_TIME Absolute Min Default
Conversion Factor (FV_MIN_TIME = 0) (FV_MIN_TIME = 128)
RAW12 LF 1 2 130
RAW12 HF 1.5 3 195
RAW10 2 5 261

For other settings of FV_MIN_TIME, use z{ 1 to determine the required FV to LV setup in Serializer PCLKs.

Absolute Min + (FV_MIN_TIME x Conversion factor) (1)
7.4.13 CSI-2 Protocol Layer

The DS90UB960-Q1 implements High-Speed mode to forward CSI-2 Low Level Protocol data. This includes
features as described in the Low Level Protocol section of the MIPI CSI-2 Specification. It supports short and
long packet formats.

The feature set of the protocol layer implemented by the CSI-2 TX is:

» Transport of arbitrary data (payload-independent)

» 8-bit word size

» Support for up to four interleaved virtual channels on the same link

» Special packets for frame start, frame end, line start, and line end information

» Descriptor for the type, pixel depth, and format of the Application Specific Payload data
* 16-bit Checksum Code for error detection

7-7 shows the CSI-2 protocol layer with short and long packets.

DATA:

Short Long Long Short

Packet Packet Packet Packet

S Ie A N - A \ S

(sTXSPXET) PH| oata  [PreT) tPs (sThPH| oaTA |PFNET) LPS (STXSPYET)
KEY:
ST — Start of Transmission PH — Packet Header
ET — End of Transmission PF — Packet Footer
LPS — Low Power State
B 7-7. CSI-2 Protocol Layer With Short and Long Packets
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7.4.14 CSI-2 Short Packet

The short packet provides frame or line synchronization. 7-8 shows the structure of a short packet. A short
packet is identified by data types 0x00 to OxOF.

Data ID
Data Field

16-Bit
Short Packet
VCX + ECC

AN J

P

32-bit SHORT PACKET (SH)
Data Type (DT) = 0x00 — OxOF

[¥] 7-8. CSI-2 Short Packet Structure
7.4.15 CSI-2 Long Packet

A long packet consists of three elements: a 32-bit packet header (PH), an application-specific data payload with
a variable number of 8-bit data words, and a 16-bit packet footer (PF). The packet header is further composed of
three elements: an 8-bit data identifier, a 16-bit word count field, and an 8-bit ECC. The packet footer has one
element, a 16-bit checksum. [X| 7-9 shows the structure of a long packet.

g Y99 £
o =3 ole - x| O |10 |0 |0 = 2
= 3 8legz e 33 % 3|8
© © L © © © © ©
| —35 al ==y % ®|®| 2
= o | o o o
AN ~ AL .Y. A ~ J
32-bit PACKET DATA: 16-bit
PACKET Length = Word Count (WC) * Data Word PACKET
HEADER Width (8-bits). There are NO restrictions FOOTER
(PH) on the values of the data words (PF)
B 7-9. CSI-2 Long Packet Structure
£ 7-14. CSI-2 Long Packet Structure Description
PACKET PART FIELD NAME SIZE (BIT) DESCRIPTION
VC / Data ID 8 Contains the virtual channel identifier and the data-type information.
Header Word Count 16 Number of data words in the packet data. A word is 8 bits.
ECC for data ID and WC field. Allows 1-bit error recovery and 2-bit
ECC 8 )
error detection.
Data Data WC * 8 Application-specific payload (WC words of 8 bits).
Footer Checksum 16 16-bit cyclic redundancy check (CRC) for packet data.

7.4.16 CSI-2 Data Identifier

The DS90UB960-Q1 MIPI CSI-2 protocol interface transmits the data identifier byte containing the values for the
virtual channel ID (VC) and data type (DT) for the application specific payload data, as shown in ¥ 7-10. The
virtual channel ID is contained in the 2 MSBs of the data identifier byte and identify the data as directed to one of
four virtual channels. The value of the data type is contained in the 6 LSBs of the data identifier byte. When
partnered with a DS90UB935-Q1 or DS90UB953-Q1 serializer, the Data Type is passed through from the

40 BFHB T 57— N2 (ZE RSB EPE) #55 Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DS90UB960-Q1
English Data Sheet: SNLS589


https://www.ti.com/product/ja-jp/ds90ub960-q1?qgpn=ds90ub960-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSFP2
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSFP2D&partnum=DS90UB960-Q1
https://www.ti.com/product/ja-jp/ds90ub960-q1?qgpn=ds90ub960-q1
https://www.ti.com/lit/pdf/SNLS589

13 TEXAS
INSTRUMENTS DS90UB960-Q1
www.ti.comlja-jp JAJSFP2D — AUGUST 2016 — REVISED SEPTEMBER 2023

received CSI-2 packets. When partnered with a DS90UB933-Q1 or DS90UB913A-Q1 the received RAW mode
data is converted to CSI-2 Tx packets with assigned data type and virtual channel ID.

DVP format serializer inputs must have discrete synchronization signals. When interfacing with DS90UB913A-
Q1 or DS90UB933-Q1 serializers, the DS90UB960-Q1 utilizes the HSYNC and VSYNC inputs to construct the
MIPI CSI-2 Tx data packets. When paired with a DVP serializer, the DS90UB960-Q1 deserializer supports
RAWS8, RAW10 or RAW12 as well as formats which have the same pixel packing as RAW8, RAW10 or RAW12
such as YUV-422.

For each RX Port, register defines with which channel and data type the context is associated:

» For FPD Receiver port operating in RAW input mode connected to a DS90UB933-Q1 or DS90UB913A-Q1
serializer, register 0x70 describes RAW10 Mode and 0x71 RAW12 Mode.

* RAW1x_VCJ7:6] field defines the associated virtual ID transported by the CSI-2 protocol from the camera
sensor.

*+ RAW1x_ID[5:0] field defines the associated data type. The data type is a combination of the data type
transported by the CSI-2 protocol.

Data Identifier (DI) Byte

DI7 Dile DI5 DI4 DI3 DI2 DI1 DIO
VC DT
Virtual Channel Data Type
Indentifier (DT)
(ve)

7-10. CSI-2 Data Identifier Structure

7.4.17 Virtual Channel and Context

The CSI-2 protocol layer transports virtual channels. The purpose of virtual channels is to separate different data
flows interleaved in the same data stream. Each virtual channel is identified by a unique channel identification
number in the packet header. Therefore, a CSI-2 TX context can be associated with a virtual channel and a data
type. Virtual channels are defined by a 2-bit field. This channel identification number is encoded in the 2-bit code.

The CSI-2 TX transmits the channel identifier number and multiplexes the interleaved data streams. The CSI-2
TX supports up to four concurrent virtual channels.

7.4.18 CSI-2 Mode Virtual Channel Mapping

The CSI-2 Mode provides per-port Virtual Channel ID mapping. For each FPD-Link Il input port, separate
mapping may be done for each input VC-ID to any of the four VC-ID values. The mapping is controlled by the
VC_ID_MAP register. This function sends the output as a time-multiplexed CSI-2 stream, where the video
sources are differentiated by the virtual channel.

7.4.18.1 Example 1

The DS90UB960-Q1 is receiving data from sensors attached to each port. Each port is sending a video stream
using VC-ID of 0. The DS90UB960-Q1 can be configured to re-map the incoming VC-IDs to ensure each video
stream has a unique ID. The direct implementation would map incoming VC-ID of 0 for RX Port 0, VC-ID of 1 for
RX Port 1, VC-ID of 2 for RX Port 2, and VC-ID of 3 for RX Port 3.
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HUB Deserializer

Sensor O FPD3 RX

- VC-ID=0
VC-ID=0 RINO

VC-ID=1 ‘
Sensor 1 FPD3 RX
VC-ID=0 RIN1 ——» CSITXO

VCiD =2 ‘
Sensor 2 FPD3 RX
VC-ID=0 RIN2
VC-ID =3

Sensor 3 FPD3 RX
VC-ID=0 RIN3

7-11. VC-ID Mapping Example 1

7.4.18.2 Example 2:

The DS90UB960-Q1 is receiving two video streams from sensors on each input port. Each sensor is sending
video streams using VC-IDs 0 and 1. Receive Ports 0 and 2 map the VC-IDs directly without change. Receive
Ports 1 and 3 map the VC-IDs 0 and 1 to VC-IDs 2 and 3. In addition, RX Ports 0 and 1 are assigned to CSI-2
Transmitter 0 which RX Ports 2 and 3 are assigned to CSI-2 Transmitter 1. This is required because each CSI-2
transmitter is limited to 4 VC-IDs per MIPI specification.

HUB Deserializer

Sensor 0 FPD3 RX

VC-ID=0,1
VC-ID=0,1 > RINO

}—» CSITXO
Sensor 1 FPD3 RX
VC-ID =0,1 RIN1 VC-ID=2,3

Sensor 2 FPD3 RX
VC-ID=0,1 ,7 s RIN2

VC-ID=0,1

Sensor 3 FPD3 RX CSITX 1
VC-ID=0,1 RIN3 VC-ID=2,3

7-12. VC-ID Mapping Example 2
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Sensor A

Sensor B

Sensor C

Sensor D

Sensor A

Sensor B

Sensor C

Sensor D

Sensor A

Sensor B

Sensor C

Sensor D

<
e
s
o O
O

HUB

Deserializer
<
e
S
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O

CSI-2 TX port0, 1 CK lane, up to 4 data lanes >

[l e e

\/
Color of the packet
represents the VC-ID

[
P11
[
P11

[s]
P11
P11
[
P11
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5
P11

7-13. Four Sensor Data onto CSI-2 With Virtual Channels (VC-ID)

AL ¥ A3 Ad q:[ FPD-.LirIk m < >
Serializer
[[ FPD-Link Il | _
B1 B2 B3 B4 L -t »
Serializer
allell el q:[ FPD-Link IIl | -
Serializer
o1 || o2 || o3 || os [[ FPD-Link Ill | >
Serializer
o | s (] e q:[ FPD-Link Ill | -
Serializer
q:[ FPD-Link Il | _
B1 B2 B3 L. - >
Serializer
allellalla [[ FPD-Link Il | -
Serializer
o1 || o2 || o3 || ba [[ FPD-Link Il | -
Serializer
7-14
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Deserializer
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]
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CSI-2 TX port0, 1 CK lane, up to 4 data Ianes>

(el

/
Color of the packet
represents the VC-ID

P11
P11
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Sensor B has less packets (because
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embedded data) One FS packet
for each VC-ID

Each CSI-2 port can carry data
from 1,2,3, or all sensors,
depending on bandwidth

P11
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CSI-2 TX port1, 1 CK lane, up to 4 data Ianes>

. Four Sensor Data onto CSI-2 With Virtual Channels (VC-ID) With Different Frame Size

AL A2 A3 Ad q:[ FPD-.Li!‘Ik ]] < >
Serializer

[[ FPD-Link Il | _

£ B2 B3 - . - —
Serializer

c1 1) =) @ q:[ FPD-Link Il < >
Serializer

D1 D2 q:[ FPD-Link Il < >
Serializer
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O

HUB

Deserializer
<
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s
o O
O

CSI-2 TX port0, 1 CK lane, up to 4 data lanes >

S G S S B

LPIL
P11
LP1T
P11

Sensor B and Sensor D have less
packets

P11
LPIL
LPIL
P11
5

P11

P11

[BFEleFp

\ CSI-2 TX port1, 1 CK lane, up to 4 data lanes >

Port1 can be the
Replica of Port0

7-15. Four Sensor Data onto 1xCSI-2 Replicated With Virtual Channels (VC-ID) With Different Frame

Size
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7.4.19 CSI-2 Transmitter Frequency

The CSI-2 Transmitters may operate at 400 Mbps, 800 Mbps, 1.2 Gbps or 1.6 Gbps per data lane. This
operation is controlled through the CSI_PLL_CTL Ox1F register.

K 7-15. CSI-2 Transmitter Data Rate vs CSI_PLL_CTL

CSI_PLL_CTL[1:0] CSI-2 TX Data Rate REFCLK Frequency
1.664 Gbps 26 MHz
00 1.6 Gbps 25 MHz
1.472 Gbps 23 MHz
01 1.2 Gbps 25 MHz
10 800 Mbps 25 MHz
1 400 Mbps 25 MHz

When configuring to 800 Mbps or 1.6 Gbps, the CSI-2 timing parameters are automatically set based on the
CSI_PLL_CTL Ox1F register. In the case of 400 Mbps, the respective CSI-2 timing parameters registers must be
programmed, and the appropriate override bit must be set. To enable CSI-2 400 Mbps mode, set the following
registers:

# Set CSI-2 Timing parameters

writeI2c(0xB0,0x2) #

set auto-increment, page 0

writeI2c(0xB1l,0x40) # CSI-2 Port O
writer2c(0xB2,0x83) # TCK Prep
writeI2c(0xB2,0x8D) # TCK Zero
writeI2c(0xB2,0x87) # TCK Trail
writer2c(0xB2,0x87) # TCK Post
writeIr2c(0xB2,0x83) # THS Prep
writeI2c(0xB2,0x86) # THS Zero
writer2c(0xB2,0x84) # THS Trail
writeI2c(0xB2,0x86) # THS Exit
writeI2c(0xB2,0x84) # TLPX

# Set CSI-2 Timing parameters

writeI2C(0xB0,0x2) # set auto-increment, page 0
writer2c(0xBl,0x60) # CSI-2 Port 1
writeI2Cc(0xB2,0x83) # TCK Prep
writeI2C(0xB2,0x8D) # TCK zero
writeIr2c(0xB2,0x87) # TCK Trail
writeI2c(0xB2,0x87) # TCK Post
writer2c(0xB2,0x83) # THS Prep
writeI2c(0xB2,0x86) # THS Zero
writeI2Cc(0xB2,0x84) # THS Trail
writer2c(0xB2,0x86) # THS EXxit
writeI2c(0xB2,0x84) # TLPX
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7.4.20 CSI-2 Output Bandwidth

During normal operation, CSI-2 transmitter output bandwidth is reduced as it needs to transition between Low-
Power and High-Speed modes. The minimum CSI-2 High-Speed data transmission overhead consists of T px,
THS-PREPAREs THS-ZERO! THS-SYNC! THS-TRAIL: and THS-EXIT as shown in 6-7. The bandwidth is further reduced
when operating in Discontinuous CSI-2 Clock mode as the CSI-2 clock requires additional overhead time to
transition between Low-Power and Clock Transmission modes. The minimum CSI-2 Discontinuous Clock timing
overhead consists of Telk-PosT, TCLK-TRAIL» TCLK-PREPAREs TcLk-zERO,» and Tcik-pre @s shown in [X| 6-6. The
typical CSI-2 timing overhead is given in % 7-16.

# 7-16. CSI-2 Transmitter Overhead vs Data Rate

L . CSI-2 TX Overhead, tcs) overhead [MS]
Continuous CSI-2 Clock (0x33[1]=1) Discontinuous CSI-2 Clock (0x33[1]=0)
1.664 Gbps 0.73 1.68
1.6 Gbps 0.76 1.74
1.472 Gbps 0.83 1.89
1.2 Gbps 0.91 1.92
800 Mbps 0.93 2.06
400 Mbps 1.30 2.65

For Best-Effort Round Robin, Basic Synchronized or Line-Interleaved CSI-2 Forwarding, the maximum CSI-2
bandwidth for each CSI-2 port is defined in = 2.

BW — Hactive ’ Nbits/pxl

Hactive ’ Nbits/pxl

N - +1csi_overhead
CSI_Lanes " 'CSI (2)

For Line-Concatenated CSI-2 Forwarding, the maximum CSI-2 output bandwidth for each CSI-2 port is defined
in = 3.

’ Hactive : Nbits/pxl

N
BWLC _ sensor
Nsensor ) Hactive ’ Nbits/pxl

N f + tCSI_Overhead
CSI_Lanes " 'CSI (3)

where

*  Ngensor is the number of sensors attached to the DS90UB960-Q1

*  Haciive is the horizontal line length of the active video frame in pixels

* Nyits/pu is the number of bits per pixel

* Ncsi Lanes IS the number of CSI-2 Lanes

+ fcg is the CSI-2 TX data rate per lane in Hz

* tcsi_overhead IS the CSI-2 High-speed data and clock timing overhead as given in 3% 7-16

7.4.20.1 CSI-2 Output Bandwidth Calculation Example

Assuming the following:

» Four identical sensors are attached to the DS90UB960-Q1 (Nsensor = 4)

» Each sensor outputs active video frame with the horizontal line length of 1080 pixels (Hactive = 1080 pixels)
* Video format is RAW12 (Npjts/ox = 12 bits/pixel)

+ DS90UB960-Q1 is configured to use a single CSI-2 port with all four CSI-2 lanes enabled (N¢g; Lanes = 4)
+ DS90UB960-Q1 CSI-2 TX is configured to operate at 800 Mbps / lane (fcg = 800 MHz ) -
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For Best-Effort Round Robin, Basic Synchronized or Line-Interleaved CSI-2 Forwarding, z\ 2 gives the
maximum bandwidth of about 2.60 Gbps (out of 3.2 Gbps for 4 lanes) with continuous CSI-2 clock and about
2.12 Gbps without continuous CSI-2 clock.

For Line-Concatenated CSI-2 Forwarding, =\ 3 gives us the maximum bandwidth of about 3.03 Gbps (out of 3.2
Gbps for 4 lanes) with continuous CSI-2 clock and about 2.84 Gbps without continuous CSI-2 clock.

7.4.21 CSI-2 Transmitter Status

The status of the CSI-2 Transmitter may be monitored by readback of the CSI_STS register 0x35, or brought to
one of the configurable GPIO pins as an output. The TX_PORT_PASS 0x35[0] indicates valid CSI-2 data being
presented on CSI-2 port. If no data is being forwarded or if error conditions have been detected on the video
data, the CSI-2 Pass signal will be cleared. The TX_PORT_SYNC 0x35[0] indicates the CSI-2 Tx port is able to
properly synchronize input data streams from multiple sources. TX_PORT_SYNC will always return O if
Synchronized Forwarding is disabled. Interrupts may also be generated based on changes in the CSI-2 port
status.

7.4.22 Video Buffers

The DS90UB960-Q1 implements four video line buffer/FIFO, one for each RX channel. The video buffers
provide storage of data payload and forward requirements for sending multiple video streams on the CSI-2
transmit ports. The total line buffer memory size is a 16-kB block for each RX port.

The CSI-2 transmitter waits for an entire packet to be available before pulling data from the video buffers.
7.4.23 CSI-2 Line Count and Line Length

The DS90UB960-Q1 counts the number of lines (long packets) to determine line count on LINE_COUNT_1/0
registers 0x73—74. For line length, DS90UB960-Q1 generates the word count field in the CSI-2 header on
LINE_LEN_1/0 registers 0x75 — 0x76.

7.4.24 FrameSync Operation

A frame synchronization signal (FrameSync) can be sent through the back channel using any of the back
channel GPIOs. The signal can be generated in two different methods. The first option offers sending the
external FrameSync using one of the available GPIO pins on the DS90UB960-Q1 and mapping that GPIO to a
back channel GPIO on one or more of the FPD-Link Il ports.

The second option is to have the DS90UB960-Q1 internally generate a FrameSync signal to send through GPIO
to one or more of the attached Serializers.

FrameSync signaling on the four back channels is synchronous. Thus, the FrameSync signal arrives at each of
the four serializers with limited skew.

7.4.24.1 External FrameSync Control

In External FrameSync mode, an external signal is input to the DS90UB960-Q1 through one of the GPIO pins on
the device. The external FrameSync signal may be propagated to one or more of the attached FPD3 Serializers
through a GPIO signal in the back channel.
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7-16. External FrameSync

Enabling the external FrameSync mode is done by setting the FS_MODE control in the FS_CTL register to a
value between 0x8 (GPIOO pin) to OxF (GPIO7 pin). Set FS_GEN_ENABLE to 0 for this mode.

To send the FrameSync signal on the BC_GPIOx port signal, the BC_GPIO_CTLO or BC_GPIO_CTL1 register
should be programmed for that port to select the FrameSync signal.

7.4.24.2 Internally Generated FrameSync

In Internal FrameSync mode, an internally generated FrameSync signal is sent to one or more of the attached
FPD3 Serializers through a GPIO signal in the back channel.

FrameSync operation is controlled by the FS_CTL, FS_HIGH_TIME_x, and FS_LOW_TIME_x 0x18 — Ox1C
registers. The resolution of the FrameSync generator clock (FS_CLK_PD) is derived from the back channel
frame period (BC_FREQ_SELECT register). For 50-Mbps back-channel operation, the frame period is 600 ns
(30 bits x 20 ns/bit). For 2.5-Mbps back channel operation, the frame period is 12 us (30 bits x 400 ns/bit).

Once enabled, the FrameSync signal is sent continuously based on the programmed conditions.

Enabling the internal FrameSync mode is done by setting the FS_GEN_ENABLE control in the FS_CTL register
to a value of 1. The FS_MODE field controls the clock source used for the FrameSync generation. The
FS_GEN_MODE field configures whether the duty cycle of the FrameSync is 50/50 or whether the high and low
periods are controlled separately. The FrameSync high and low periods are controlled by the FS_HIGH_TIME
and FS_LOW_TIME registers.

The accuracy of the internally generated FrameSync is directly dependent on the accuracy of the 25-MHz
oscillator used as the reference clock.
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7-17. Internal FrameSync
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v

< <
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FS_LOW = FS_LOW_TIME * FS_CLK_PD
FS_HIGH = FS_HIGH_TIME * FS_CLK_PD
where FS_CLK_PD is the resolution of the FrameSync generator clock

Eg 7-18. Internal FrameSync Signal

The following example shows generation of a FrameSync signal at 60 pulses per second. Mode settings:
* Programmable High/Low periods: FS_GEN_MODE 0x18[1]=0

» Use port 0 back channel frame period: FS_MODE 0x18[7:4]=0x0

* Back channel rate of 50 Mbps: BC_FREQ_SELECT for port 0 0x58[2:0]=110b

+ Initial FS state of 0: FS_INIT_STATE 0x18[2]=0

Based on mode settings, the FrameSync is generated based upon FS_CLK_PD of 12 us.
The total period of the FrameSync is (1 sec / 60 hz) / 600 ns or approximately 27,778 counts.

For a 10% duty cycle, set the high time to 2,776 (0xOAD7) cycles, and the low time to 24,992 (0x61A0) cycles:
* FS_HIGH_TIME_1: 0x19=0x0A

* FS_HIGH_TIME_O: 0x1A=0xD7

+ FS_LOW_TIME_1: 0x1B=0x61

+ FS_LOW_TIME_0: 0x1C=0xA0

7.4.24.2.1 Code Example for Internally Generated FrameSync

RX0
BC_GPIO_CTLO: FrameSync signal to GPIOO/1
RX1

writeI2c(0x4c,0x01) #
WriteI2C(OxX6E,0xAA) #
writer2c(0x4c,0x12) #
WriteI2C(OX6E,0xAA) # BC_GPIO_CTLO: FrameSync signal to GPIOO/1
writeI2C(0x4cC,0x24) # RX2

WriteI2C(0x6E,0xAA) # BC_GPIO_CTLO: FrameSync signal to GPIOO/1
writeI2c(0x4c,0x38) # RX3

WriteI2C(OX6E,0xAA) # BC_GPIO_CTLO: FrameSync signal to GPIOO/1
WriteI2C(0x10,0x91) # FrameSync signal; Device Status; Enabled
WriteI2C(0x58,0x5E) # BC FREQ SELECT: 50 Mbps
writer2c(0x19,0x0A) # FS_HIGH_TIME_1

writeI2C(0x1A,0xD7) # FS_HIGH_TIME_O
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WriteI2c(0x1B,0x61) # FS_LOW_TIME_1
WriteI2C(0x1C,0xA0) # FS_LOW_TIME_O
WriteI2c(0x18,0x01) # Enable FrameSync

7.4.25 CSI-2 Forwarding

Video stream forwarding is handled by the forwarding control in the DS90UB960-Q1 on FWD_CTL1 register
0x20. The forwarding control pulls data from the video buffers for each FPD3 RX port and forwards the data to
one of the CSI-2 output interfaces. It also handles generation of transitions between LP and HS modes as well
as sending of Synchronization frames. The forwarding control monitors each of the video buffers for packet and
data availability.

Forwarding from input ports may be disabled using per-port controls. Each of the forwarding engines may be
configured to pull data from any of the four video buffers, although a buffer may only be assigned to one CSI-2
Transmitter at a time. The two forwarding engines operate independently. Video buffers are assigned to the
CSI-2 Transmitters using the mapping bits in the FWD_CTL1 register 0x20[7:4].

7.4.25.1 Best-Effort Round Robin CSI-2 Forwarding

By default, the round-robin (RR) forwarding of packets use standard CSI-2 method of video stream
determination. No special ordering of CSI-2 packets are specified, effectively relying on the Virtual Channel
Identifier (VC) and Data Type (DT) fields to distinguish video streams. Each image sensor is assigned a VC-ID to
identify the source. Different data types within a virtual channel is also supported in this mode.

The forwarding engine forwards packets as they become available to the forwarding engine. In the case where
multiple packets may be available to transmit, the forwarding engine typically operates in an RR fashion based
on the input port from which the packets are received.

Best-effort CSI-2 RR forwarding has the following characteristics and capabilities:
» Uses Virtual Channel ID to differentiate each video stream

» Separate Frame Synchronization packets for each VC

* No synchronization requirements

This mode of operation allows input RX ports to have different video characteristics and there is no requirement
that the video be synchronized between ports. The attached video processor would be required to properly
decode the various video streams based on the VC and DT fields.

Best-effort forwarding is enabled by setting the CSIx_RR_FWD bits in the FWD_CTL2 register 0x21.
7.4.25.2 Synchronized CSI-2 Forwarding

In cases with multiple input sources, synchronized forwarding offers synchronization of all incoming data stored
within the buffer. If packets arrive within a certain window, the forwarding control may be programmed to attempt
to synchronize the video buffer data. In this mode, it attempts to send each channel synchronization packets in
order (VCO, VC1, VC2, VC3) as well as sending packet data in the same order. In the following sections, Sensor
0 (S0), Sensor 1 (S1), Sensor 2 (S2), and Sensor 3 (S3) refers to the sensors connected at FPD3 RX port 0, RX
port 1, RX port 2, and RX port 3, respectively. The following describe only the 4-port operation, but other
possible port combinations can be applied.

The forwarding engine for each CSI-2 Transmitter can be configured independently and synchronize up to all
four video sources.

Requirements:

» Video arriving at input ports should be synchronized within approximately 1 video line period

» All enabled ports should have valid, synchronized video

» Each port must have identical video parameters, including number and size of video lines, presence of
synchronization packets, and so forth.
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The forwarding engine attempts to send the video synchronized. If synchronization fails, the CSI-2 transmitter
stops forwarding packets and attempt to restart sending synchronized video at the next FrameStart indication.
Packets are discarded as long as the forwarding engine is unable to send the synchronized video.

Status is provided to indicate when the forwarding engine is synchronized. In addition, a flag is used to indicate
that synchronization has been lost (status is cleared on a read).

Three options are available for Synchronized forwarding:
« Basic Synchronized forwarding

* Line-Interleave forwarding

* Line-Concatenated forwarding

Synchronized forwarding modes are selected by setting the CSIx_SYNC_FWD controls in the FWD_CTL2
register. To enable synchronized forwarding the following order of operations is recommended:

1. Disable Best-effort forwarding by clearing the CSIx_RR_FWD bits in the FWD_CTL2 register

2. Enable forwarding per Receive port by clearing the FWD_PORTx_DIS bits in the FWD_CTL1 register

3. Enable Synchronized forwarding in the FWD_CTL2 register

7.4.25.3 Basic Synchronized CSI-2 Forwarding

During Basic Synchronized Forwarding each forwarded frame is an independent CSI-2 video frame including
FrameStart (FS), video lines, and FrameEnd (FE) packets. Each forwarded stream may have a unique VC-ID. If
the forwarded streams do not have a unique VC-ID, the receiving process may use the frame order to
differentiate the video stream packets.

The forwarding engine attempts to send the video synchronized. If synchronization fails, the CSI-2 transmitter
stops forwarding packets and attempts to restart sending synchronized video at the next FS indication. Packets
are discarded as long as the forwarding engine is unable to send the synchronized video.

Example Synchronized traffic to CSI-2 Transmit port at start of frame:
FSO-FS1-FS2-FS3-S0L1-S81L1-S2L1-S83L1-S0L2 -S1L2 -S2L2 - S3L2 - S0L3 ...
Example Synchronized traffic to CSI-2 Transmit port at end of frame:

... SOLN — S1LN — S2LN — S3LN - FEO — FE1 - FE2 — FE3
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Notes:
FSx FrameStart for Sensor X
FEx FrameEnd for Sensor X
SxLy Line Y for Sensor X video frame
SxLN Last line for Sensor X video frame

Each packet includes the virtual channel ID assigned to receive port for each sensor.

7.4.25.3.1 Code Example for Basic Synchronized CSI-2 Forwarding

# "EEE RXO VC=0Q FEE"

writeI2c(0x4c,0x01) # RX0

WriteI2c(0x70,0x1F) # RAwW1lO_datatype_yuv422b10_vcO
# Wk RXl VC=1 EX XA

writer2c(0x4c,0x12) # RX1

Writer2c(0x70,0x5F) # RAwW1lO_datatype_yuv422b10_vcCl
# Wk RX2 VC=2 EX XA

writeI2C(0x4C,0x24) # RX2

WriteI2c(0x70,0x9F) # RAwW1lO_datatype_yuv422b10_vC2
# "EEx RX3 VYC=3 wEE"

writeI2c(0x4cC,0x38) # RX3

WriteI2c(0x70,0xDF) # RAW1O_datatype_yuv422b10_vC3
# '"CSI_PORT_SEL"

writer2c(0x32,0x01) # CSIO select

# "CSI_EN"

writer2c(0x33,0x01) # CSI_EN & CSIO 4L

# "***Basic_FwD"

WriteI2c(0x21,0x14) # Synchronized Basic_FwD

# "***FWD_PORT all RX to CSIO"
writer2c(0x20,0x00) # forwarding of all RX to CSIO
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Frame Blanking

KEY:
PH — Packet Header
FS — Frame Start

PF — Packet Footer + Filler (if applicable)
FE — Frame End

LS — Line Start LE — Line End
Sensor O Sensor 1 Sensor 2 Sensor 3
VC-ID=0 VC-ID=1 VC-ID=2 VC-ID=3

*Blanking intervals do not provide accurate synchronization timing

7-19. Basic Synchronized Format

7.4.25.4 Line-Interleaved CSI-2 Forwarding

In synchronized forwarding, the forwarding engine may be programmed to send only one of each
synchronization packet. For example, if forwarding from all four input ports, only one FS, FE packet is sent for
each video frame. The synchronization packets for the other 3 ports are dropped. The video line packets for
each video stream are sent as individual packets. This effectively merges the frames from N video sources into a
single frame that has N times the number of video lines.

In this mode, all video streams must also have the same VC, although this is not checked by the forwarding
engine. This is useful when connected to a controller that does not support multiple VCs. The receiving
processor must process the image based on order of video line reception.

Example Synchronized traffic to CSI-2 Transmit port at start of frame:
FSO-SO0L1 - S1L1 -S2L1 — S3L1 —S0L2 — S1L2 — S2L.2 — S3L2 — SOL3 ...

Example Synchronized traffic to CSI-2 Transmit port at end of frame:

... SOLN — S1LN — S2LN - S3LN - FEO
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Notes:
FSx FrameStart for Sensor X
FEx FrameEnd for Sensor X
SxLy Line Y for Sensor X video frame
SxLN Last line for Sensor X video frame

All packets would have the same VC-ID.

7.4.25.4.1 Code Example for Line-Interleaved CSI-2 Forwarding

# "EEE RXO VC=0Q FEE"

writeI2c(0x4c,0x01) # RXO0

WriteI2c(0x70,0x1f) # RAw1lO_datatype_yuv422b10_vcO

# "EEx RX]1 VC=0Q FEE"

writeI2Cc(0x4c,0x12) # RX1

Writer2c(0x70,0x1f) # RAw1lO_datatype_yuv422b10_vcO

# "EEE RX2 VC=0Q FEE"

writeI2C(0x4c,0x24) # RX2

WriteI2c(0x70,0x1f) # RAw1lO_datatype_yuv422b10_vcO

# Wk RX3 VC=0 EX XAl

writeI2c(0x4c,0x38) # RX3

Writer2c(0x70,0x1f) # RAw1lO_datatype_yuv422b10_vcO

# '"CSI_PORT_SEL"

writer2c(0x32,0x01) # CSIO select

# "CSI_EN"

writer2c(0x33,0x01) # CSI_EN & CSIO 4L

# "#*% CSIO_SYNC_FWD synchronous forwarding with Tine interleaving
WriteI2Cc(0x21,0x28) # synchronous forwarding with Tine interleaving
# '"**% FWD_PORT all RX to CSIO"

Writer2c(0x20,0x00) # forwarding of all RX to CSIO

kR
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Frame Blanking
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Frame Blanking
KEY:
PH — Packet Header PF — Packet Footer + Filler (if applicable)
FS — Frame Start FE — Frame End
LS — Line Start LE — Line End
Sensor 0 Sensor 1 Sensor 2 Sensor 3
VC-ID=0 VC-ID=0 VC-ID=0 VC-ID=0

*Blanking intervals do not provide accurate synchronization timing
Bg 7-20. Line-Interleave Format
7.4.25.5 Line-Concatenated CSI-2 Forwarding

In synchronized forwarding, the forwarding engine may be programmed to merge video frames from multiple
sources into a single video frame by concatenating video lines. Each of the sensors for each RX carry different
data streams that get concatenated into one CSI-2 stream. For example, if forwarding from all four input ports,
only one FS and one FE packet is sent for each video frame. The synchronization packets for the other 3 ports
are dropped. In addition, the video lines from each sensor are combined into a single line. The controller must

separate the single video line into the separate components based on position within the concatenated video
line.

Example Synchronized traffic to CSI-2 Transmit port at start of frame:

FSO - S0L1,S1L1,S2L1,S3L1 — S0L2,S1L2,S2L.2,S3L2 — SOL3,S1L3,S2L3,S3L3 ...
Example Synchronized traffic to CSI-2 Transmit port at end of frame:

... SOLN,S1LN,S2LN,S3LN - FEO

Notes:
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FSx FrameStart for Sensor X
FEx FrameEnd for Sensor X
SxLy Line Y for Sensor X video frame

SxLN Last line for Sensor X video frame

S0L1,51L1,S2L1,S3L1 indicates concatenation of the first video line from each sensor into a single video line.
This packet has a modified header and footer that matches the concatenated line data.

Packets would have the same VC-ID, based on the VC-ID for the lowest number sensor port being forwarded.
Lines are concatenated on a byte basis without padding between video line data.

7.4.25.5.1 Code Example for Line-Concatenated CSI-2 Forwarding

# Wk RXO VC=O EX XAl

writer2c(0x4c,0x01) # RX0

WriteI2C(0x70,0x1f) # RAwWlO_datatype_yuv422b10_vCO

# Wk RX1 VC=O EX XAl

writer2Cc(0x4c,0x12) # RX1

WriteI2C(0x70,0x1f) # RAwWlO_datatype_yuv422b10_vCO

# Wk sz VC=O EX XAl

writeI2Cc(0x4c,0x24) # RX2

WriteI2C(0x70,0x1f) # RAwWlO_datatype_yuv422b10_vCO

# Wk RX3 VC=O EX XAl

writer2c(0x4c,0x38) # RX3

WriteI2C(0x70,0x1f) # RAwWlO_datatype_yuv422b10_vCO

# "CSI_PORT_SEL"

writeI2C(0x32,0x01) # CSI0 select

# "CSI_EN"

WriteI2c(0x33,0x01) # CSI_EN & CSIO 4L

# "*%%* CSIO_SYNC_FWD synchronous forwarding with Tine concatenation
Writer2c(0x21,0x3c) # synchronous forwarding with 1ine concatenation
# "***FWD_PORT all RX to CSIO"

writer2c(0x20,0x00) # forwarding of all RX to CSIO

dedew M

Frame Blanking
SoL1 SIR] s2L1 S3L1
— soL2 siL2 s2L2 s3L2
T . . . .
o
w | L i 5
a Line Blanking -“-; Frame 1 Frame 1 Frame 1 Frame 1
3 [ > ° Image Data Image Data Image Data Image Data
L% P {Sensor 0} {Sensor 1} {Sensor 2} {Sensor 3}
po ]
Q ©
é o
a SOLN SILN S2LN S3LN
FEO A
Frame Blanking
\i
Sensor 0 Sensor 1 KEY:
VC-ID=0 VC-ID =0 PH — Packet Header PF — Packet Footer + Filler (if applicable)
FS — Frame Start FE — Frame End
LS — Line Start LE — Line End
Sensor 2 Sensor 3
VC-ID=0 VC-ID=0

*Blanking intervals do not provide accurate synchronization timing
7-21. Line-Concatenated Format

7.4.25.6 CSI-2 Replicate Mode

In CSI-2 Replicate mode, both ports can be programmed to output the same data. The output from CSI-2 port 0
is also presented on CSI-2 port 1.

Copyright © 2023 Texas Instruments Incorporated BN BT T2 71— N2 (D E kO Ad) 225 55

Product Folder Links: DS90UB960-Q1
English Data Sheet: SNLS589


https://www.ti.com/ja-jp
https://www.ti.com/product/ja-jp/ds90ub960-q1?qgpn=ds90ub960-q1
https://www.ti.com/ja-jp/lit/pdf/JAJSFP2
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSFP2D&partnum=DS90UB960-Q1
https://www.ti.com/product/ja-jp/ds90ub960-q1?qgpn=ds90ub960-q1
https://www.ti.com/lit/pdf/SNLS589

13 TEXAS
DS90UB960-Q1 INSTRUMENTS
JAJSFP2D — AUGUST 2016 — REVISED SEPTEMBER 2023 www.ti.comlja-jp

To configure this mode of operation, set the CSI_REPLICATE bit in the FWD_CTL2 register. This bit should only
be set before forwarding is enabled. If this bit is set after forwarding is enabled, unexpected errors can occur.

7.4.25.7 CSI-2 Transmitter Output Control

Two register controls allow control of CSI-2 Transmitter outputs to disable the CSI-2 Transmitter outputs. If the
OUTPUT_SLEEP_STATE_SELECT (OSS_SEL) control is set to 0 in the GENERAL_CFG 0x02 register, the
CSI-2 Transmitter outputs are forced to the HS-0 state. If the OUTPUT_ENABLE (OEN) register bit is set to 0 in
the GENERAL_CFG register, the CSI-2 pins are set to the high-impedance state.

For normal operation (OSS_SEL and OEN both set to 1), the detection of activity on FPD3 inputs determines the
state of the CSI-2 outputs. The FPD3 inputs are considered active if the Receiver indicates valid lock to the
incoming signal. For a CSI-2 TX port, lock is considered valid if any Received port mapped to the TX port is
indicating Lock.

| 7-17. CSI-2 Output Control Options

PDB pin OSS_SEL OEN FPD3 INPUT CSI-2 PIN STATE
0 X X X Hi-Z
1 0 X X HS-0
1 1 0 X Hi-Z
1 1 1 Inactive Hi-Z
1 1 1 Active Valid

7.4.25.8 Enabling and Disabling CSI-2 Transmitters

Once enabled, it is typically best to leave the CSI-2 Transmitter enabled, and only change the forwarding
controls if changes are required to the system. When enabling and disabling the CSI-2 Transmitter, forwarding
should be disabled to ensure proper start and stop of the CSI-2 Transmitter.

When enabling and disabling the CSI-2 Transmitter, use the following sequence:

To Disable:

1. Disable Forwarding for assigned ports in the FWD_CTL1 register

2. Disable CSI-2 Periodic Calibration (if enabled) in the CSI_ CTL2 register
3. Disable Continuous Clock operation (if enabled) in the CSI_ CTL register
4. Clear CSI-2 Transmit enable in CSI_ CTL register

To Enable:

1. Set CSI-2 Transmit enable (and Continuous clock if desired) in CSI_ CTL register
2. Enable CSI-2 Periodic Calibration (if desired) in the CSI_CTL2 register

3. Enable Forwarding for assigned ports in the FWD_CTL1 register

7.5 Programming
7.5.1 Serial Control Bus

The DS90UB960-Q1 implements two 12C-compatible serial control buses. Both 12C ports support local device
configuration and incorporate a bidirectional control channel (BCC) that allows communication with a remote
serializers as well as remote 12C target devices.

The device address is set through a resistor divider connected to the IDx pin (R1 and R2 — see [X] 7-22).
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B 7-22. Serial Control Bus Connection
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.

To other Devices

The serial control bus consists of two signals, SCL and SDA. SCL is a Serial Bus Clock Input. SDA is the Serial
Bus Data Input / Output signal. Both SCL and SDA signals require an external pullup resistor to V¢, where V3¢
is a voltage rail that matches the voltage applied to VDDIO. The pull-up resistor value may be adjusted to

account for capacitive loading and data rate requirements. Refer to "I2C Bus Pullup Resistor Calculation

(SLVA689) to determine the pull-up resistor value to V|5c. The signals are either pulled High, or driven Low.

The IDX pin configures the control interface to one of eight possible device addresses. A pullup resistor and a
pulldown resistor may be used to set the appropriate voltage ratio between the IDX input pin (V|px) and V(ypp1s),
each ratio corresponding to a specific device address. See 3 7-18, Serial Control Bus Addresses for IDX.

& 7-18. Serial Control Bus Addresses for IDX

Vipx VOLTAGE RANGE Viox TARGET | SUGGESTED STRAP RESISTORS |PRIMARY ASSIGNED 12C
NO. VOLTAGE (1% TOL) ADDRESS
Vv Vryp Viax VDD18=1.80V | Rycn (kQ) Riow (kQ) |[7-BIT 8-BIT

0 0 0 0.131 % Viypp1g) 0 OPEN 10.0 0x30 0x60
1 | 0179 % Viypprg) | 0-213 x Viypprsy | 0-247 x Viyppis) 0.374 88.7 23.2 0x32 0x64
2 | 0.296 x Viypp1g) | 0.330 x Viyppig) | 0.362 x Viyppig) 0.582 75.0 35.7 0x34 0x68
3 | 0412 x Viyppig) | 0443 x Viyppig) | 0.474 x Viyppig) 0.792 715 56.2 0x36 0x6C
4 | 0525 Viypp1g) | 0.559 % Viyopg) | 0.592 X Viyop1g) 0.995 78.7 97.6 0x38 0x70
5 | 0.642 x Vyppig) | 0.673 % Vyppig) | 0.704 x Viyppig) 1.202 39.2 78.7 0x3A 0x74
6 | 0.761 x Viyppig) | 0.792 % Viyopig) | 0.823 x Viyopis) 1.420 25.5 95.3 0x3C 0x78
7 | 0.876 x Vo) Vvoo1s) Vvoo1e) 1.8 10.0 OPEN 0x3D OX7A

The Serial Bus protocol is controlled by START, START-Repeated, and STOP phases. A START occurs when
SDA transitions Low while SCL is High. A STOP occurs when SDA transitions High while SCL is also HIGH. See
7-23.
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7-23. START and STOP Conditions

To communicate with a remote device, the host controller sends the target address and listens for a response
from the target. This response is referred to as an acknowledge bit (ACK). If a target on the bus is addressed
correctly, it acknowledges (ACKs) the controller by driving the SDA bus low. If the address does not match one
of the target addresses of the device, it not-acknowledges (NACKs) the controller by letting SDA be pulled High.
ACKs can also occur on the bus when data transmissions are in process. When the controller is writing data, the
target ACKs after every data byte is successfully received. When the controller is reading data, the controller
ACKs after every data byte is received to let the target know it wants to receive another data byte. When the
controller wants to stop reading, it NACKs after the last data byte and creates a stop condition on the bus. All
communication on the bus begins with either a Start condition or a Repeated Start condition. All communication
on the bus ends with a Stop condition. A READ is shown in [X] 7-24 and a WRITE is shown in [X] 7-25.

N
wity: T = A o
“Comtoler & Tget . Regster §.  Teet c 2
«—— Address —* =«———Address —» «—— Address —* K
FTTTTT FTTTTT
SDA S 7-bit Address |0 S 7-bit Address | 1 P
Li
e L1111 LIl
Bus Activity: A A A4—— Data —>
Target C C Cc
K K K
[ 7-24. Serial Control Bus — READ
£ ]
Bus Activity: % Target Register N
Controller « Address ___,. «—— Address > e Data >
SDA Line S 7-bit Address 0 P
Bus Activity: A A A
Target C C C
K K K
B 7-25. Serial Control Bus — WRITE
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7-26. Basic Operation

The 12C Controller located at the Deserializer must support 12C clock stretching. For more information on 12C
interface requirements and throughput considerations, refer to /12C Communication Over FPD-Link Il With
Bidirectional Control Channel (SNLA131) and /12C over DS90UB913/4 FPD-Link Il With Bidirectional Control
Channel (SNLA222).

7.5.2 Second 12C Port

The DS90UB960-Q1 includes a second 12C port that allows bidirectional control channel access to both local
registers and remote devices. Remote device access is configured on BCCx_MAP register 0x0C[7:4].

The second 12C port uses the same 12C address as the primary 12C port. In addition, RX Port 12C IDs are also
available for the second 12C port.

In general, Tl recommends that the second 12C port be used in cases where the CSI-2 TX ports are connected
to separate processors. The second 12C port allows independent control of the DS90UB960-Q1 as well as
remote devices by the second processor. However, Register 0x01 (RESET_CTL) can only be written by the
primary 12C port.

7.5.3 12C Target Operation

The DS90UB960-Q1 implements an 12C target capable of operation supporting the Standard, Fast, and Fast-
plus modes of operation allowing 12C operation at up to 1-MHz clock frequencies. Local 12C transactions to
access DS90UB960-Q1 registers can be conducted 2 ms after power supplies are stable and PDB is brought
high. For accesses to local registers, the 12C Target operates without stretching the clock. The primary 12C target
address is set through the IDx pin. The primary 12C target address is stored in the 12C Device ID register at
address 0x0. In addition to the primary 12C target address, the DS90UB960-Q1 may be programmed to respond
to up to four other 12C addresses (reg 0xF8-0xFB). The four RX Port ID addresses provide direct access to the
Receive Port registers without the need to set the paging controls normally required to access the port registers.

7.5.4 Remote Target Operation

The bidirectional control channel provides a mechanism to read or write I12C registers in remote devices over the
FPD-Link Il interface. The 12C Controller located at the Deserializer must support I12C clock stretching. Accesses
to serializer or remote target devices over the bidirectional control channel will result in clock stretching to allow
for response time across the link. The DS90UB960-Q1 acts as an 12C target on the local bus, forwards read and
write requests to the remote device, and returns the response from the remote device to the local 12C bus. To
allow for the propagation and regeneration of the 12C transaction at the remote device, the DS90UB960-Q1 will
stretch the 12C clock while waiting for the remote response. The 12C address of the currently selected RX Port
serializer will be populated in register 0x5B of the DS90UB960-Q1. The BCC_CONFIG register 0x58 also must
have bit 6, 12C_PASS_THROUGH set to one. If enabled, local I12C transactions with valid address decode will
then be forwarded through the bidirectional control channel to the remote 12C bus. When 12C_PASS_THROUGH
is set, the deserializer will only propagate messages that it recognizes, such as the registered serializer alias
address (SER_ALIAS_ID), or any registered remote target alias attached to the serializer 12C bus
(TARGET_ALIAS) assigned to the specific Rx Port. Setting 12C_PASS_THROUGH_ALL and AUTO_ACK_ALL
are less common use cases and primarily used for debugging 12C messaging as they will respectively pass all
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addresses regardless of valid 12C address (12C_PASS_THROUGH_ALL) and acknowledge all I2C commands
without waiting for a response from serializer (AUTO_ACK_ALL).

7.5.5 Remote Target Addressing

Various system use cases require multiple sensor devices with the same fixed 12C target address to be remotely
accessible from the same 12C bus at the deserializer. The DS90UB960-Q1 provides TargetID virtual addressing
to differentiate target addresses when connecting two or more remote devices. Eight pairs of TargetAlias and
TargetID registers are allocated for each FPD-Link Il Receive port in registers 0x5D through Ox6C. The
TargetAlias register allows programming a virtual address which the host controller uses to access the remote
device. The TargetID register provides the actual target address for the device on the remote 12C bus. The write
enable bit in register 0x4C must be set before configuring the TargetAlias and TargetID for each selected RX
Port. Eight pairs of registers are available for each port (total of 32 pairs), so multiple devices may be directly
accessible remotely without the need for reprogramming. Multiple TargetAlias can be assigned to the same
TargetID as well.

7.5.6 Broadcast Write to Remote Devices

The DS90UB960-Q1 provides a mechanism to broadcast I12C writes to remote devices (either remote targets or
serializers). For each Receive port, the TargetID/Alias register pairs would be programmed with the same
TargetAlias value so they would each respond to the same local I2C command. The TargetID value would match
the intended remote device address. The SER_ALIAS _ID at each receive port can also be set with the same
Alias value, in order to send a broadcast write to each connected remote serializer. Before setting the register
values for the TargetID/Alias or SER_ID/SER_ALIAS_ID, RX_WRITE_PORT_x in register 0x4C must be set in
order to select the receive ports(s) that will be configured for the ID/Alias values. When performing broadcast
writes, the ACK and other return data from the 12C transaction will come from only one of the Target devices
included in the broadcast write. The receive port selected in RX_READ_PORT in register 0x4C will determine
the source of the return 12C transaction on the local bus.

7.5.6.1 Code Example for Broadcast Write

# "FPD3_PORT_SEL Broadcast Rx0/1/2/3"
writeI2C(0x4c,0x0f) # RX_PORTO read; RX0/1/2/3 write
# "Enable I2C Pass Through"

WriteI2C(0x58,0x58) # enable I2C pass through
WriteI2c(0x5c,0x18) # "SER_ALIAS_ID"
writeI2C(0x5d,0x60) # "TargetiID[0]"
WriteI2c(0x65,0x60) # "TargetAlias[0]"

7.5.7 12C Controller Proxy

The DS90UB960-Q1 implements an 12C controller that acts as a proxy controller to regenerate 12C accesses
originating from a remote serializer. By default, the 12C Controller Enable bit (I2C_CONTROLLER_EN) is set to 0
in register 0x02[5] to block Controller access to local deserializer 12C from remote serializers. Set
[2C_CONTROLLER_EN = 1 if there is a remote controller device located on the 12C bus of any of the connected
serializers that will send remote 12C commands to the deserializer. The proxy controller is an 12C-compatible
controller capable of operating with Standard-mode, Fast-mode, or Fast-mode Plus 12C timing. It is also capable
of arbitration with other controllers, allowing multiple controllers and targets to exist on the 12C bus. A separate
I2C proxy controller is implemented for each Receive port. This allows independent operation for all sources to
the 12C interface. Arbitration between multiple sources is handled automatically using 12C multi-controller
arbitration.

7.5.8 12C Controller Proxy Timing

The proxy controller timing parameters are based on the REFCLK timing. Timing accuracy for the 12C proxy
controller based on the REFCLK clock source attached to the DS90UB960-Q1 deserializer. The 12C Controller
regenerates the 12C read or write access using timing controls in the registers 0xA and 0xB to regenerate the
clock and data signals to meet the desired 12C timing in Standard, Fast, or Fast-mode Plus modes of operation.
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I2C Controller SCL High Time is set in register 0xA[7:0]. This field configures the high pulse width of the SCL
output when the Serializer is the Controller on the local deserializer 12C bus. The default value is set to provide a
minimum 5-ps SCL high time with the reference clock at 25 MHz + 100 ppm including four additional oscillator
clock periods or synchronization and response time. Units are 40 ns for the nominal oscillator clock frequency,
giving Min_delay = 40 ns x (SCL_HIGH_TIME + 4).

I2C Controller SCL Low Time is set in register 0xB[7:0]. This field configures the low pulse width of the SCL
output when the Serializer is the Controller on the local deserializer 12C bus. This value is also used as the SDA
setup time by the 12C Target for providing data prior to releasing SCL during accesses over the Bidirectional
Control Channel. The default value is set to provide a minimum 5-uys SCL high time with the reference clock at
25 MHz + 100ppm including four additional oscillator clock periods or synchronization and response time. Units
are 40 ns for the nominal oscillator clock frequency, giving Min_delay = 40 ns x (SCL_HIGH_TIME + 4). See &
7-19 example settings for Standard mode, Fast mode and Fast-mode Plus timing.

# 7-19. Typical 12C Timing Register Settings

SCL HIGH TIME SCL LOW TIME
12C MODE NOMINAL DELAY AT NOMINAL DELAY AT
Y] REFCLK = 25 MHz LAY REFCLK = 25 MHz
Standard 0x7A 5.04 us 0x7A 5.04 us
Fast 0x13 0.920 ps 0x25 1.64 ps
Fast - Plus 0x06 0.400 ps 0x0C 0.640 s

7.5.8.1 Code Example for Configuring Fast-Mode Plus I12C Operation

# "RX0 I2C controller Fast Plus Configuration"
WriteI2C(0x02,0x3E) # Enable Proxy
writeI2C(0x4c,0x01) # Select RX_PORTO

# Set SCL High and Low Time delays
writer2c(0x0a,0x06) # SCL High
WriteI2C(0x0b,0x0C) # SCL Low

7.5.9 Interrupt Support

Interrupts can be brought out on the INTB pin as controlled by the INTERRUPT_CTL 0x23 and
INTERRUPT_STS 0x24 registers. The main interrupt control registers provide control and status for interrupts
from the individual sources. Sources include each of the four FPD3 Receive ports as well as each of the two
CSI-2 Transmit ports. Clearing interrupt conditions requires reading the associated status register for the source.
The setting of the individual interrupt status bits is not dependent on the related interrupt enable controls. The
interrupt enable controls whether an interrupt is generated based on the condition, but does not prevent the
interrupt status assertion.

For an interrupt to be generated based on one of the interrupt status assertions, both the individual interrupt
enable and the INT_EN control must be set in the INTERRUPT_CTL 0x23 register. For example, to generate an
interrupt if IS_RXO is set, both the IE_RX0 and INT_EN bits must be set. If IE_RXO is set but INT_EN is not, the
INT status is indicated in the INTERRUPT_STS register, and the INTB pin does not indicate the interrupt
condition.

See the INTERRUPT_CTL and INTERRUPT_STS register for details.
7.5.9.1 Code Example to Enable Interrupts

# "RX01/2/3/4 INTERRUPT_CTL enable"
WriteI2C(0x23,0xBF) # RX all & INTB PIN EN

# Individual RX01/2/3/4 INTERRUPT_CTL enable
# "RX0 INTERRUPT_CTL enable"
writer2c(0x4c,0x01) # RX0
WriteI2c(0x23,0x81) # RX0 & INTB PIN EN

# "RX1 INTERRUPT_CTL enable"
writer2c(0x4c,0x12) # RX1
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WriteI2c(0x23,0x82) # RX1 & INTB PIN EN
# "RX2 INTERRUPT_CTL enable"
writeI2Cc(0x4C,0x24) # RX2
writeI2c(0x23,0x84) # RX2 & INTB PIN EN
# "RX3 INTERRUPT_CTL enable"
writeI2c(0x4cC,0x38) # RX3
writeI2c(0x23,0x88) # RX3 & INTB PIN EN

7.5.9.2 FPD-Link Ill Receive Port Interrupts

For each FPD-Link Ill Receive port, multiple options are available for generating interrupts. Interrupt generation
is controlled through the PORT_ICR_HI 0xD8 and PORT_ICR_LO 0xD9 registers. In addition, the
PORT_ISR_HI 0xDA and PORT_ISR_LO 0xDB registers provide read-only status for the interrupts. Clearing of
interrupt conditions is handled by reading the RX_PORT_STS1, RX_PORT_STS2, and CSI_RX_STS registers.
The status bits in the PORT_ISR_HI/LO registers are copies of the associated bits in the main status registers.

To enable interrupts from one of the Receive port interrupt sources:

1. Enable the interrupt source by setting the appropriate interrupt enable bit in the PORT_ICR_HI or
PORT_ICR_LO register

2. Set the RX Port X Interrupt control bit (IE_RXx) in the INTERRUPT_CTL register

3. Setthe INT_EN bit in the INTERRUPT_CTL register to allow the interrupt to assert the INTB pin low

To clear interrupts from one of the Receive port interrupt sources:

1. (optional) Read the INTERRUPT_STS register to determine which RX Port caused the interrupt

2. (optional) Read the PORT_ISR_HI and PORT _ISR_LO registers to determine source of interrupt

3. Read the appropriate RX_PORT_STS1, RX PORT_STS2, or CSI_RX_STS register to clear the interrupt.

The first two steps are optional. The interrupt could be determined and cleared by just reading the status
registers.

7.5.9.3 Interrupts on Forward Channel GPIO

When connected to the DS90UB953-Q1 serializer, interrupts can be generated on changes in any of the four
forward channel GPIOs per port. Interrupts are enabled by setting bits in the FC_GPIO_ICR register. Interrupts
may be generated on rising and/or falling transitions on the GPIO signal. The GPIO interrupt status is cleared by
reading the FC_GPIO_STS register.

Interrupts should only be used for GPIO signals operating at less than 10 MHz. High or low pulses that are less
than 100 ns might not be detected at the DS90UB960-Q1. To avoid false interrupt indications, the interrupts
should not be enabled until after the Forward Channel GPIOs are enabled at the serializer.

7.5.9.4 Interrupts on Change in Sensor Status

The FPD-Link Il Receiver recovers 32-bits of Sensor status from the attached DS90UB953-Q1 serializer.
Interrupts may be generated based on changes in the Sensor Status values received from the forward channel.
The Sensor Status consists of 4 bytes of data, which may be read from the SENSOR_STS_x registers for each
Receive port. Interrupts may be generated based on a change in any of the bits in the first byte
(SENSOR_STS_0). Each bit can be individually masked for Rising and/or Falling interrupts.

Two registers control the interrupt masks for the SENSOR_STS bits: SEN_INT_RISE_CTL and
SEN_INT_FALL_CTL.

Two registers provide interrupt status: SEN_INT_RISE_STS, SEN_INT_FALL_STS.

If a mask bit is set, a change in the associated SENSOR_STS 0 bit will be detected and latched in the
SEN_INT_RISE_STS or SEN_INT_FALL_STS registers. If the mask bit is not set, the associated interrupt status
bit will always be 0. If any of the SEN_INT_RISE_STS or SEN_INT_FALL_STS bits is set, the IS_FC_SEN_STS
bit will be set in the PORT_ISR_HI register.
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7.5.9.5 Code Example to Readback Interrupts

INTERRUPT_STS = ReadI2C(0x24) # 0x24
if ((INTERRUPT_STS & 0x80) >> 7):
print "# GLOBAL INTERRUPT DETECT
if ((INTERRUPT_STS & 0x40) >> 6):
print "# RESERVED "
((INTERRUPT_STS & 0x20) >> 5):
print "# IS_CSI_TX1 DETECTED "
((INTERRUPT_STS & 0x10) >> 4):
print "# IS_CSI_TX0 DETECTED "
((INTERRUPT_STS & 0x08) >> 3):
print "# IS_RX3 DETECTED "
((INTERRUPT_STS & 0x04) >> 2):
print "# IS_RX2 DETECTED "
((INTERRUPT_STS & 0x02) >> 1):
print "# IS_RX1 DETECTED "
((INTERRUPT_STS & 0x01) ):
print "# IS_RX0 DETECTED "

if
if
if
if
if
if

# "RX0 status"

WriteReg(0x4C,0x01) # RXO

PORT_ISR_LO ReadI12C(0xDB)
print "OxDB PORT_ISR_LO :
if
if
if

((PORT_ISR_LO & 0x40) >> 6):
print "# IS_LINE_LEN_CHG INTERRU
((PORT_ISR_LO & 0x20) >> 5):
print "# IS_LINE_CNT_CHG DETECTE
((PORT_ISR_LO & 0x10) >> 4):
print "# IS_BUFFER_ERR DETECTED
((PORT_ISR_LO & 0x08) >> 3):
print "# IS_CSI_RX_ERR DETECTED
((PORT_ISR_LO & 0x04) >> 2):
print "# IS_FPD3_PAR_ERR DETECTE
((PORT_ISR_LO & 0x02) >> 1):
print "# IS_PORT_PASS DETECTED "
((PORT_ISR_LO & 0x01) )
rint "# IS_LOCK_STS DETECTED "

if
if
if
if

PORT_ISR_HI = ReadI2C(0xDA)
print "OXDA PORT_ISR_HI :
if ((PORT_ISR_HI & 0x04) >> 2):
print "# IS_FPD3_ENC_ERR DETECTE
if ((PORT_ISR_HI & 0x02) >> 1):
print "# IS_BCC_SEQ_ERR DETECTED
if ((PORT_ISR_HI & 0x01) )
rint "# IS_BCC_CRC_ERR DETECTED

RX_PORT_STS1 = ReadI2C(0x4D) # R/COR
if ( (RX_PORT_STS1 & 0xc0) >> 6)
print "# RX_PORT_NUM = RX3"
elif ((RX_PORT_STS1 & 0xc0) >> 6)
print "# RX_PORT_NUM = RX2"
elif ((RX_PORT_STS1 & 0xc0) >> 6)
print "# RX_PORT_NUM = RX1"
elif ((RX_PORT_STS1 & 0xc0) >> 6)
print "# RX_PORT_NUM = RX0"

if ((RX_PORT_STS1 & 0x20) >> 5):
print "# BCC_CRC_ERR DETECTED
if ((RX_PORT_STS1 & 0x10) >> 4):
print "# LOCK_STS_CHG DETECTED "
if ((RX_PORT_STS1 & 0x08) >> 3):
print "# BCC_SEQ_ERROR DETECTED
if ((RX_PORT_STS1 & 0x04) >> 2):
print "# PARITY_ERROR DETECTED "
if ((RX_PORT_STS1 & 0x02) >> 1):
print "# PORT_PASS=1 "
if ((RX_PORT_STS1 & 0x01) ):
rint "# LOCK_STS=1 "

RX_PORT_STS2 = ReadI2C(0X4E)
if ((RX_PORT_STS2 & 0x80) >> 