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DS90UB935-Q1 FPD-Link Il 3-Gbps Serializer With CSI-2 Interface

1 Features

* AEC-Q100 qualified for automotive applications:

— Device temperature : —-40°C to +105°C ambient
operating temperature

* 1SO 10605 and IEC 61000-4-2 ESD compliant

» Power-over-Coax (PoC) compatible transceiver

* D-PHY v1.2 and CSI-2 v1.3 compliant system
interface
— Up to 2.528-Gbps CSI-2 Bandwidth
— Supports up to four virtual channels

* Precision multi-camera clocking and
synchronization

* Flexible programmable output clock generator

* Advanced data protection and diagnostics
including CRC data protection, sensor data
integrity check, 12C write protection, voltage and
temperature measurement, programmable alarm,
and line fault detection

» Supports Single-ended coaxial or shielded-twisted-
pair (STP) cable

» Ultra-low latency bidirectional 12C and GPIO
control channel enables ISP control from ECU

» Single 1.8-V power supply

* Low (0.28 W typical) power consumption

* Compatible With DS90UB936-Q1, DS90UB954-
Q1, DS90UB960-Q1, DS90UB934-Q1,
DS90UB914A-Q1 Deserializers

» Wide temperature range: —40°C to 105°C

*  Small 5-mm % 5-mm VQFN package and PoC
solution size for compact camera module designs

MIPI CSI-2

2 Applications

» Advanced driver assistance systems (ADAS)
— Surround View Systems (SVS)
— Camera Monitor Systems (CMS)
— Forward Vision Cameras (FC)
— Driver Monitoring Systems (DMS)
— Rear-View Cameras (RVC)
— Automotive satellite RADAR & LIDAR modules
— Time-of-Flight (ToF) sensors
» Security and Surveillance Cameras
» Industrial and Medical Imaging

3 Description

The DS90UB935-Q1 serializer is part of Tl's FPD-
Link Il device family designed to support high-
speed raw data sensors including cameras, satellite
RADAR, LIDAR, and Time-of-Flight (ToF) sensors.
The chip delivers a high-speed forward channel and
an ultra-low latency, bidirectional control channel and
supports power over a single coax (PoC) or STP
cable. The DS90UB935-Q1 features advanced data
protection and diagnostic features to support ADAS
and autonomous driving. Together with a companion
deserializer, the DS90UB935-Q1 delivers precise
multi-camera sensor clock and sensor
synchronization.

The DS90UB935-Q1 is fully AEC-Q100 qualified with
a -40°C to 105°C wide temperature range. AECQ100
qualification includes HBM ESD Classification Level
3A and CDM ESD Classification Level C6. The
serializer comes in a small 5-mm x 5-mm VQFN
package for space-constrained sensor applications.

Device Information
PACKAGE ()

VQFN (32)

PART NUMBER
DS90UB935-Q1

BODY SIZE (NOM)
5.00 mm x 5.00 mm

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.

MIPI CSI-2
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5 Pin Configuration and Functions
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Figure 5-1. RHB Package
32-Pin VQFN
Top View
Table 5-1. Pin Functions
PIN
1/0 DESCRIPTION
NAME NO.
CSI INTERFACE
CSI_CLKP 5 I, DPHY | cs|-2 clock input pins. Connect to a CSI-2 clock source with matched 100-Q (+5%) impedance
CS| CLKN 6 I, DPHY interconnects.
CSI_DOP 3 I, DPHY
CSI_DON 4 I, DPHY
CSI_D1P 1 I, DPHY
CSI_DIN 2 I, DPHY | cs)-2 data input pins. Connect to a CSI-2 data sources with matched 100-Q (+5%) impedance
CSI_D2P 31 |, DPHY |interconnects. If unused, these pins may be left floating.
CSI_D2N 32 I, DPHY
CSI_D3P 29 I, DPHY
CSI_D3N 30 I, DPHY
SERIAL CONTROL INTERFACE
12C_SDA 23 oD 12C Data and Clock Pins. Typically pulled up by 470-Q to 4.7-kQ resistors to either 1.8-V or 3.3-V
supply rail depending on IDX setting. See /12C Interface Configuration for further details on the 12C
12C_SCL 24 oD implementation of the DS90UB935-Q1.
CONFIGURATION and CONTROL
RESO 7 | Reserved pin — Connect to GND
RES1 22 | Reserved pin — Do not connect (leave floating)
4 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: DS90UB935-Q1


https://www.ti.com/product/DS90UB935-Q1
https://www.ti.com/lit/pdf/SNLS605
https://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=SNLS605B&partnum=DS90UB935-Q1
https://www.ti.com/product/ds90ub935-q1?qgpn=ds90ub935-q1

13 TEXAS

INSTRUMENTS

www.ti.com

DS90UB935-Q1
SNLS605B — JULY 2018 — REVISED MARCH 2023

Table 5-1. Pin Functions (continued)

PIN
110 DESCRIPTION
NAME NO.
Power-down inverted Input Pin. Internal 1-MQ pulldown. Typically connected to processor GPIO with pull
down. When PDB input is brought HIGH, the device is enabled and internal register 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. PDB should remain low until after
PDB 8 I, PD power supplies are applied and reach minimum required levels. See Power Down (PDB) for further details
on the function of PDB.
PDB INPUT IS NOT 3.3-V TOLERANT.
PDB = 1.8V, device is enabled (normal operation)
PDB = 0, device is powered down.
Mode select configuration input. Default operational mode will be strapped at start-up based on the MODE
MODE 21 I,S input voltage when PDB transitions LOW to HIGH. Typically connected to voltage divider through external
pullup to VDD18 and pulldown to GND applying an appropriate bias voltage. See MODE for details.
IDX pin sets the 12C pullup voltage and device address; connect to external pullup to VDD and pulldown
to GND to create a voltage divider. When PDB transitions LOW to HIGH, the strap input voltage is sensed
CLK_OUT/IDX 19 /0, S at the CLOCK_OUT/IDX pin to determine functionality and then converted to CLK_OUT. See /12C Interface
Configuration for details. If CLK_OUT is used, the minimum resistance on the pin is 35 kQ. If unused,
CLK_OUT/IDX may be tied to GND.
FPD-LINK Ill INTERFACE
DOUT- 13 4 FPD-Link Il Input/Output pins. These pins must be AC-coupled. See Figure 8-5 and Figure 8-6 for typical
DOUT+ 14 /0 connection diagrams and Table 8-3 for recommended capacitor values.
POWER AND GROUND
A connection for an internal analog regulator decoupling capacitor. Typically connected to 10-pF, 0.1-pF,
VDDD_CAP 26 D, P and 0.01-pF capacitors to GND. Do not connect to an external supply rail. See Typical Application for
more details.
A connection for an internal analog regulator decoupling capacitor. Typically connected to 10-pF, 0.1-pF,
VDDDRV_CAP 15 D, P and 0.01-pF capacitors to GND. Do not connect to an external supply rail. See Typical Application for
more details.
A connection for an internal analog regulator decoupling capacitor. Typically connected to 10-pF, 0.1-pF,
VDDPLL_CAP 10 D, P and 0.01-pF capacitors to GND. Do not connect to an external supply rail. See Typical Application for
more details.
1.8-V (+5%) Power Supply pin.
vbDD 25 P Typically connected to 1-puF and 0.01-pF capacitors to GND.
1.8-V (+5%) Analog Power Supply pin.
VDDDRV 16 P Typically connected to 1-puF and 0.01-pF capacitors to GND.
1.8-V (£5%) Analog Power Supply pin.
VDDPLL 1 P Typically connected to 1-pF and 0.01-uF capacitors to GND.
DAP is the large metal contact at the bottom side, located at the center of the VQFN package. Connect to
GND DAP G
the ground plane (GND).
LOOP FILTER
LPF1 9 Loop Filter 1: Connect as described in Section 8.2.2.4.
LPF2 12 Loop Filter 2: Connect as described in Section 8.2.2.4.
CLOCK INTERFACE AND GPIO
GPIO_O 17 1/0, PD General-Purpose Input/Output pins. These pins can also be configured to sense the voltage at their
inputs. See Voltage and Temperature Sensing. At power up, these GPIO pins default to inputs with a
GPIO 1 18 /0, PD 300-kQ (typical) internal pulldown resistor. These pins may be left floating if unused, but TI recommends
- to set the GPIOx_INPUT_EN to 0 to disable the pins. See Section 7.3.6 for programmability.
GPIO_2 27 1/0, PD General-Purpose Input/Output pins. At power up, these GPIO pins default to inputs with a 300-kQ (typical)
internal pulldown resistor. These pins may be left floating if unused, but Tl recommends to set the
GPIO_3 28 I/0.PD | GPIOX_INPUT_EN to 0 to disable the pins. See Section 7.3.6 for programmability.
Reference Clock Input pin. If operating in non-sync external clock mode, connect this pin to a local
CLKIN 20 | clock source. If unused (like other clocking modes), this pin may be left open. See Table 7-7 for more

information on clocking modes.
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6 Specifications
6.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

PIN OR
FREQUENCY

VDDD,
Supply voltage, VDD VDDDRY, -0.3 2.16 v
VDDPLL

GPIO[3:0],
PDB, CLKIN,
IDX, MODE,
CSI_CLKPN,
CSI_DOPIN,
CSI_D1PNN,
CSI_D2PN,
CSI_D3PIN

FPD-Link Il output voltage DOUTH, -0.3 1.21 \Y
DOUT-

Open-drain voltage I12C_SDA, 12C_ -0.3 3.96 \Y
SCL

Junction temperature, T, 150 °C

MIN MAX UNIT

Input voltage -0.3 Vpp + 0.3 \%

Storage termperature, Tgg —65 150 °C

(1) 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

VALUE UNIT
All pins except Media Dependent
Human body model (HBM) ESD Interface Pins
Classification Level 3A, per AEC - +4000 \Y
Q100-002 (1) Medla Dependent Interface
Pins
Charged-device model (CDM) ESD Classification Level C6, per AEC +1500 v
Q100-011 -
Electrostatic Contact Discharge
Vieso) discharge IEC 61000-4-2 (DOUT+ and DOUT-) 8000 v
Rp =330 Q, Cs = 150 pF Air Discharge
(DOUT+ and DOUT-) 18000 v
Contact Discharge
ISO 10605 (DOUT+ and DOgUT-) 8000 v
Rp =330 Q, Cs = 150 pF and 330 pF At Disch
Rp =2 kQ, Cs = 150 pF and 330 pF Ir Discharge
° sTTP P" | (DouT+ and DOUT:) +18000 v
6.3 Recommended Operating Conditions
Over operating free-air temperature range (unless otherwise noted)
MIN NOM MAX| UNIT
Supply voltage zBBP(\L/IE))DD VDDDRYV, 1.71 1.8 1.89 \%
Open-drain voltage 12C_SDA, 12C_SCL = V(j2¢) 1.71 3.6 \Y
Operating free-air temperature (Ta) —-40 25 105 °C
MIPI data rate (per CSI-2 lane) 80 832%|  Mbps
MIPI combined data rate 25 Gbps
6 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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6.3 Recommended Operating Conditions (continued)

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

MIN NOM MAX| UNIT
Reference clock input frequency 25 104 MHz
Local 12C frequency (fi2¢c) 1 MHz
) VDD (vDDD, VDDDRY,
Supply noise VDDPLL) 25| mVp,
f=10 KHz - 50 MHz 25| mv..
) ) ) (coax mode only) p-p
Differential supply noise between DOUT+ and DOUT- -
(PSR) f =30 Hz, 10-90% Rise/Fall
Time > 100us 25 mVp.,
(coax mode only)
. UI_CLK_I
Input clock jitter for non synchronous mode (ty1) CLKIN 0.05 N®
Back channel input jitter (t;.ac) DOUT+, DOUT- 0.4| ul_Bc"”

(1)  The back channel unit interval (UI_BC) is 1/(BC line-rate). For example, the typical Ul_BC is 1/100 MHz = 10 ns. If the jitter tolerance is

0.4 Ul, convert the jitter in Ul to seconds using this equation: 10 ns x 0.4 Ul =4 ns

(2)  Non-synchronous mode - For a given clock, the Ul is defined as 1/clock_freq. For example when the clock = 50Mhz, the typical

UI_CLK_IN is 1/50 MHz = 20 ns.

(3) The maximum MIPI data rate is 832 Mbps per lane for one or two CSI-2 lanes. For four lanes, the maximum data rate is 632 Mbps per

lane for a combined data rate of 2.528 Gbps
(4) DC-50MHz

6.4 Thermal Information

THERMAL METRIC(") DU UNIT
32 PINS

Rgya Junction-to-ambient thermal resistance 31.5 °C/W
Rgus Junction-to-board thermal resistance 10.9 °C/W
Rauctop) Junction-to-case (top) thermal resistance 20 °C/W
Rauc(bot) Junction-to-case (bottom) thermal resistance 1 °C/W
YT Junction-to-top characterization parameter 0.2 °C/W
Y5 Junction-to-board characterization parameter 10.9 °C/W

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

report, SPRA953.
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6.5 Electrical Characteristics

Over recommended operating supply and temperature ranges unless otherwisespecified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
POWER CONSUMPTION
VDDPLL,
Ipp_toTAL VvDDD, 160 225
VDDDRV
IoopLL Supply current 4 Lane Mode, Checkerboard Pattern VDDPLL 55 80| MA
Ipbp VDDD 45 70
IpbbRY VDDDRV 60 75

1.8-V LVCMOS I/0 (VDD) =1.71V to 1.89 V)

GP'O[30], V(VDD) -

Vou High level output voltage | loy = —4 mA CLK_OUT 045 V(vpp) \%
VoL Low level output voltage |l = +4 mA EELO_[SL?]T GND 0.45 \%
ViH High level input voltage PGDPBIOC[)?_E{N V(V%%; V(voD) \%
Vi Low level input voltage P%FI;IOC[)?_}E{N GND V(V%?é; \Y
i Input high current Vin = Vo) P%Fé'f)c[ﬁgh\l 20| pA
I Input low current Vin = GND PGDFI;'I,O(E?_:}E}N -20 WA
los COuurtrp‘;l;tt short-circuit Vour =0V 36 mA
Cin Input capacitance 5 pF
8 Submit Document Feedback Copyright © 2023 Texas Instruments Incorporated
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6.5 Electrical Characteristics (continued)

Over recommended operating supply and temperature ranges unless otherwisespecified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
FPD-LINK Il INPUT/OUTPUT
Vinsc Single-ended input Coaxial configuration, 50 Q, maximum cable DOUT+, DOUT- 120
voltage length v
m
Vip.ac Differential input voltage gztf]o”f'g“rat'o”' 100 Q, maximum cable | 6\ 1, poyT- 240
Coaxial c_onflgurat|on, FPD-Link forward DOUT+, DOUT- 495
E Forward channel eye channel = 4.16 Gbps mVp-p
H-FC ; -
height i i -Li
9 §TP configuration, FPD-Link forward channel DOUT+, DOUT- 850
=4.16 Gbps
Forward channel output |FPD-Link forward channel = 4.16Gbps; 20%
tiRFC transition time to 80% DOUT+, DOUT- 65 ps
Synchronous mode, measured with f/15 —
’ DOUT+, DOUT- 0.21
¢ Forward channel output |3dB CDR Loop BW Ul
JIT-FC --
jitter Non-synchronous mode, measured with f/15
—3dB CDR Loop BW DOUT+, DOUT- 022
fREF Internal reference Non-synchronous internal clocking mode 242 25.5| MHz
frequency
FPD-LINK Il DRIVER SPECIFICATIONS (DIFFERENTIAL)
Output differential _
Vobp-p voltage R_.=100Q DOUT+, DOUT- 1040 1150 1340 mVp,
AVop Output voltage DOUT+, DOUT- 5 24| mv
imbalance
Vos Output differential offset DOUT+, DOUT- 575 mv
voltage
AVos Offset voltage imbalance DOUT+, DOUT- 2 mV
los Output short-cireuit  IpoyT=0v DOUT+, DOUT- 22 mA
current
Ry Internal termination | gotyeen DOUT+ and DOUT- DOUT+DOUT-| 80 100  120| Q
resistance
FPD-LINK Il DRIVER SPECIFICATIONS (SINGLE-ENDED)
Vour Output single-ended |\ p _ 5 DOUT+ DOUT-| 520 575  670| mV,,
voltage
los Output short-creuit — InoyT=gy DOUT+, DOUT- 22 mA
current
Ry Single-ended DOUT+DOUT-| 40 50 60| O
termination resistance
VOLTAGE AND TEMPERATURE SENSING
Vacc Voltage accuracy See Voltage and Temperature Sensing GPIO[1:0] 11 LSB
Tacc Temperature accuracy |See Voltage and Temperature Sensing 11 LSB
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6.5 Electrical Characteristics (continued)

Over recommended operating supply and temperature ranges unless otherwisespecified.

PARAMETER

TEST CONDITIONS

FREQUENCY

MIN TYP MAX| UNIT

CSI-2 HS INTERFACE DC SPECIFICATIONS

Common-mode voltage

VeMRX(DC) 15 receive mode

CSI_D3PIN,
CSI_D2PNN,
CSI_D1PNN,
CSI_DOPIN,
CSI_CLKP/N

70 330 mV

Vv Differential input high
IDTH threshold

CSI_D3PIN,
CSI_D2PNN,
CSI_D1PNN,
CSI_DOPIN,
CSI_CLKP/N

70| mV

v Differential input low
IDTL threshold

CSI_D3PIN,
CSI_D2PNN,
CSI_D1PIN,
CSI_DOP/N,
CSI_CLKPIN

Differential input

Zip impedance

CSI_D3PIN,
CSI_D2PNN,
CSI_D1PIN,
CSI_DOP/N,
CSI_CLKPIN

80 100 125 Q

CSI-2 HS INTERFACE AC SPECIFICATIONS

thoLp Data to clock setup time

CSI_D3P/N,
CSI_D2P/N,
CSI_D1P/N,
CSI_DOP/N
CSI_CLKP/N

0.15 ul

tseTuP Data to clock hold time

CSI_D3PNN,
CSI_D2PNN,
CSI_D1PNN,
CSI_DOPIN,
CSI_CLKP/N

0.15 ul

CSI-2 LP INTERFACE DC SPECIFICATIONS

V4 Logic high input voltage

CSI_D3PIN,
CSI_D2PNN,
CSI_D1PNN,
CSI_DOPIN,
CSI_CLKP/N

880 790 mV

Vi Logic low input voltage

CSI_D3PIN,
CSI_D2PIN,
CSI_D1PNN,
CSI_DOPIN,
CSI_CLKP/N

710 550 mV

Vyyst Input hysteresis

CSI_D3PIN,
CSI_D2PNN,
CSI_D1PIN,
CSI_DOP/N,
CSI_CLKPIN

25 75 mV
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6.5 Electrical Characteristics (continued)

Over recommended operating supply and temperature ranges unless otherwisespecified.

PIN OR
PARAMETER TEST CONDITIONS FREQUENCY MIN TYP MAX| UNIT
LVCMOS I/O
LVCMOS low-to-high _ .
toLH transition time Vop)=1.71101.89V GPIO[3:0] 2 ns
LVCMOS high-to-low _ .
tCHL transition time V(VDD) =1.71t01.89V GP|O[30] 2 ns
troB PDB reset pulse width Voltage supplies applied and stable PDB 3 ms
SERIAL CONTROL BUS
. 12C_SCL, 0.7 x
Viy Input high level 12C_SDA Viizo) Viec)| mV
12C_SCL, 0.3 x
Vi Input low level 12C_SDA GND Vo) mV
. 12C_SCL,
Vhy Input hysteresis 12C_SDA >50 mV
V(|20) <2 V, IOL =3 mA, Standard-mode/ |ZC_SCL, 0 0.2 x V
Fast-mode 12C_SDA V(|2c)
_ 12C_SCL, 0.2 x
V(IZC) <2V, IOL =20 mA, Fast-mode plUS |2C_SDA 0 V(|2C) \%
VoL Output low level
V(|zc) >2 V, |o|_ =3 mA, Standard-mode/ |ZC_SCL, 0 04 Vv
Fast-mode 12C_SDA ’
- 12C_SCL,
Vi2c) > 2V, loL =20 mA, Fast-mode plus 12C_SDA 0 0.4 \%
. 12C_SCL,
i1 Input high current VIN = V(i2c) IZC:SDA -10 10| pA
_ 12C_SCL,
I Input low current Vn=0V 12C_SDA -10 10 pA
— 12C_SCL,
I Input low current Vin=0V 12C_SDA -10 10| pA
. 12C_SCL,
Cin Input capacitance 12C_SDA 5 pf
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6.6 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
tHiGH SCL High Period Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 4.0 us
tHp:sTA Hold time for a start or a repeated start condition Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 4.7 us
tsu.sTa Set up time for a start or a repeated start condition |Fast-mode 0.6 us
Fast-mode Plus 0.26 us
Standard-mode 0 us
tHD:DAT Data hold time Fast-mode 0 us
Fast-mode Plus 0 us
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
tsur Bus free time between STOP and START Fast-mode 1.3 us
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
tvD:DAT Data valid time Standard-mode 3.45 us
Fast-mode 0.9 us
Fast-mode Plus 0.45 us
tvp:Ack Data vallid acknowledge time Standard-mode 3.45 us
Fast-mode 0.9 us
Fast-mode Plus 0.45 us
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6.6 Recommended Timing for the Serial Control Bus (continued)

Over I12C supply and temperature ranges unless otherwise specified.

MIN TYP MAX| UNIT
. Fast-mode 50| ns
tsp Input filter
Fast-mode Plus 50 ns
6.7 Timing Diagrams
x V(vDD18)
GND

tCLH

Figure 6-1. LVCMOS Transition Times

S VA s s o )\

tHD;STA
tHIGH
tHD;DAT [— —> tSU;DAT

START REPEATED
START

Figure 6-2. I12C Serial Control Bus Timing

6.8 Typical Characteristics

T tLow tHD;STA
1 tr tf ) )
SCL [ 1 I\ / \ 1
—p —» [ tsu;STA tsu;sTO

t—

IBUF:

STOP START

Eye All Bits H
Offg=t -0.00175 H

Uls: 8000, 596278, Total BODD: 59??5 | | |

Figure 6-3. Eye Diagram for FPD Ill Forward Channel from Serializer Output. Vertical Scale: 100

mV/DIV ,Horizontal Scale: 100 ps/DIV
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7 Detailed Description
7.1 Overview

The DS90UB935-Q1 serializes data from high-resolution image sensors or other sensors using the MIPI CSI-2
interface. The DS90UB935-Q1 serializer is optimized to interface with the DS90UB936-Q1 or DS90UB954-Q1
deserializer (dual hub), the DS90UB960-Q1 deserializer (quad hub), the DS90UB934-Q1 and DS90UB914A-Q1
deserializers, as well as other potential future deserializers. The interconnect between the serializer and the
deserializer can be either a coaxial cable or shielded-twisted pair (STP) cable. The DS90UB935-Q1 was
designed to support multi-sensor systems such as surround view, and as such has the ability to synchronize
sensors through the DS90UB935-Q1, DS90UB954-Q1, and DS90UB960-Q1 hubs.

The DS90UB935-Q1 serializer and companion deserializer incorporate an 12C-compatible interface. The 12C-
compatible interface allows programming of serializer or deserializer devices from a local host controller. In
addition, the devices incorporate a bidirectional control channel (BCC) that allows communication between the
serializer and deserializer, as well as between remote 12C target devices.

The bidirectional control channel (BCC) is implemented through embedded signaling in the high-speed forward
channel (serializer to deserializer), combined with lower speed signaling in the reverse channel (deserializer to
serializer). Through this interface, the BCC provides a mechanism to bridge 12C transactions across the serial
link from one 12C bus to another.

7.2 Functional Block Diagram

Vb\asﬁi nternal

- » DOUT+
CSl-2 DPHY FIFO Encoder/ Serializer [—| C?b'e
Receiver Formatter Driver _
O » DOUT-
4——| Internal AON Clock
Clock Gen
CLKIN = CLK_OUT
r 5 " /IDX
I
MODE
Controller
PDB >
12C_SDA «—»
12C_SCL «—» ¢ | FFO e Decode/ | Clock/Data BCC
Controller Encode Recovery Receiver
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7.3 Feature Description

The DS90UB935-Q1 FPD-Link Il serializer is designed to support high-speed raw data sensors including
cameras, satellite RADAR, LIDAR, and time of flight (ToF) cameras. The chip features a forward channel
capable of up to 3.16 Gbps, as well as an ultra-low latency 50-Mbps bidirectional control channel. The
transmission of the forward channel, bidirectional control channel, and power is supported over coaxial (Power-
over-Coax) or STP cables. The DS90UB935-Q1 features advanced data protection and diagnostic features to
support ADAS and autonomous driving. Together with a companion deserializer, the DS90UB935-Q1 delivers
precise multi-camera sensor clock and sensor synchronization.

7.3.1 CSI-2 Receiver

The DS90UB935-Q1 receives CSI-2 video data from the sensor. During CSI-2 operation, the D-PHY consists of
a clock lane and one or more data lanes. The DS90UB935-Q1 is a target device and only supports unidirectional
lane in the forward direction. Low Power Escape mode is not supported.

7.3.1.1 CSI-2 Receiver Operating Modes

During normal operation a data lane will be in either control or high-speed mode. In high-speed mode, the data
transmission happens in a burst and starts and ends at a stop state (LP-11). There is a transition state to take
the D-PHY from a normal mode to the low-power state.

The sequence to enter high-speed mode is: LP-11, LP-01, LP-00. After the sequence is entered, the data lane
remains in high-speed mode until a stop state (LP-11) is received.

7.3.1.2 CSI-2 Receiver High-Speed Mode

During high-speed data transmission, the digital D-PHY will enable termination signal to allow proper termination
of the HS RX of the Analog D-PHY, and the LP RX should stay at LP-00 state. Both CSI-2 data lane and clock
lane operate in the same manner. The DS90UB935-Q1 supports both CSI-2 continuous and non-continuous
clock lane modes which must be set using register 0x02[6] and should follow the image sensor clock mode. In
the continuous clock lane mode, the clock lane remains in high-speed mode.

7.3.1.3 CSI-2 Protocol Layer

There are two different types of CSI-2 packets: a short packet and a long packet. Short packets have information
such as the frame start/ line start, and long packets carry the data after the frame start is asserted. Figure 7-1
shows the structure of the CSI-2 protocol layer with short and long packets. The DS90UB935-Q1 supports 1, 2,
and 4 lane configurations.

DATA:

Short Long Long Short

Packet Packet Packet Packet

= e A N e A N =

(sTXSPXET) tps (sTNPH| oata  [PFXeT) tps (sTKPH| AT [PFXeT) LPs (STXSPXET)

KEY:
ST — Start of Transmission PH — Packet Header
ET — End of Transmission PF — Packet Footer

LPS — Low Power State
Figure 7-1. CSI-2 Protocol Layer With Short and Long Packets
7.3.1.4 CSI-2 Short Packet

The short packet provides frame or line synchronization. Figure 7-2 shows the structure of a short packet. A
short packet is identified by data types 0x00 to OxOF.
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Data ID
16-Bit
Short Packet
Data Field
VCX + ECC

AN J

P

32-bit SHORT PACKET (SH)
Data Type (DT) = 0x0