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DS90UB91xQ-Q1 10- to 100-MHz, 10- and 12-Bit DC-Balanced FPD-Link Ill Serializer and
Deserializer With Bidirectional Control Channel

1 Features

e 10-MHz to 100-MHz Input Pixel Clock Support
» Single Differential Pair Interconnect
* Programmable Data Payload:

— 10-bit Payload up to 100 MHz

— 12-bit Payload up to 75 MHz

e Continuous Low Latency Bidirectional Control
Interface Channel With 1°C Support at 400 kHz

e 2:1 Multiplexer to Choose Between Two Input
Imagers

» Embedded Clock With DC-Balanced Coding to
Support AC-Coupled Interconnects

e Capable of Driving up to 25 Meters Shielded
Twisted-Pair

» Receive Equalizer Automatically Adapts for
Changes in Cable Loss

» Four Dedicated General-Purpose Input/Output
Pins (GPIO) Available on Both Serializer and
Deserializer

e LOCK Output Reporting Pin and AT-SPEED BIST
Diagnosis Feature to Validate Link Integrity

* 1.8-V, 2.8-V or 3.3-V Compatible Parallel Inputs
on Serializer

» Single Power Supply at 1.8 V
* SO 10605 and IEC 61000-4-2 ESD Compliant

» Automotive-Grade Product: AEC-Q100 Grade 2
Quialified

* Temperature Range —40°C to +105°C
e Small Serializer Footprint (5 mm x 5 mm)
» EMI/EMC Mitigation on Deserializer

— Programmable Spread Spectrum (SSCG)
Outputs

— Receiver Staggered Outputs

2 Applications

* Front- or Rear-View Camera for Collision
Mitigation
» Surround View for Parking Assistance

3 Description

The DS90UB91xQ-Q1 chipset offers an FPD-Link Il
interface with a high-speed forward channel and a
bidirectional control channel for data transmission
over a single differential pair. The DS90UB91xQ-Q1
chipsets incorporate differential signaling on both the
high-speed forward channel and bidirectional control
channel data paths. The serializer and deserializer
pair is targeted for connections between imagers and
video processors in an electronic control unit (ECU).
This chipset is ideally suited for driving video data
that requires up to 12-bit pixel depth plus two
synchronization signals along with bidirectional
control channel bus.

There is a multiplexer at the deserializer to choose
between two input imagers. The deserializer can
have only one active input imager. The primary video
transport converts 10- and 12-bit data over a single
high-speed serial stream, along with a separate low
latency bidirectional control channel transport that
accepts control information from an 1°C port and is
independent of video blanking period.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
DS90UB913Q-Q1 | WQFN (32) 5.00 mm x 5.00 mm
DS90UB914Q-Q1 | WQFN (48) 7.00 mm x 7.00 mm

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

Typical Application Circuit
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5 Description continued

Using TI's embedded-clock technology allows transparent full-duplex communication over a single differential
pair, carrying asymmetrical bidirectional control channel information in both directions. This single serial stream
simplifies transferring a wide data bus over PCB traces and cable by eliminating the skew problems between
parallel data and clock paths. This significantly saves system cost by narrowing paths, which reduces PCB
layers, cable width, connector size and pins. In addition, the deserializer inputs provide adaptive equalization to
compensate for loss from the media over longer distances. Internal DC-balanced encoding and decoding is used
to support AC-coupled interconnects. The Serializer is offered in a 32-pin WQFN package and the deserializer is
offered in a 48-pin WQFN package.

6 Device Comparison Table

PART NUMBER FPD-IIl FUNCTION PACKAGE TRANSMISSION MEDIA PCLK FREQUENCY
DS90UB913Q-Q1 Serializer 32-Pin RTV (WQFN) STP 10 to 100 MHz
DS90UB913A-Q1 Serializer 32-Pin RTV (WQFN) Coax or STP 25 to 100 MHz
DS90UB914Q-Q1 Deserializer 48-Pin RHS (WQFN) STP 10 to 100 MHz
DS90UB914A-Q1 Deserializer 48-Pin RHS (WQFN) Coax or STP 25 to 100 MHz
Copyright © 2012-2015, Texas Instruments Incorporated Submit Documentation Feedback 3
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7 Pin Configuration and Functions
RTV Package
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DS90UB913Q-Q1 Serializer Pin Functions
PIN
1/0 DESCRIPTION
NAME | NO.
LVCMOS PARALLEL INTERFACE
DIN[0:11] 26’ 27’ 29' LVCMOS Parallel data inputs
30, 31, 32 with pulldown
Inputs,
HSYNC 1 LVCMOS Horizontal SYNC input
with pulldown
PCLK 3 Input, LVCMOS | Pixel clock input pin
with pulldown | Strobe edge set by TRFB control register.
Inputs,
VSYNC 2 LVCMOS Vertical SYNC input
with pulldown
4 Submit Documentation Feedback Copyright © 2012-2015, Texas Instruments Incorporated
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DS90UB9130Q-Q1 Serializer Pin Functions (continued)

PIN

NAME

| NO.

I/O

DESCRIPTION

GENERAL-PURPOSE OUTPUT (GPO)

General-purpose output pins can be configured as outputs; used to control and respond

GPO[1:0] 16. 15 Output, to various commands. GPOJ[0:1] can be configured to be the outputs for input signals
’ ' LVCMOS coming from GPIO[0:1] pins on the deserializer or can be configured to be outputs of

the local register on the serializer.
GPO2 pin can be configured to be the output for input signal coming from the GP102
pin on the deserializer or can be configured to be the output of the local register on the

GPOJ[2)/ 17 Output, serializer. It can also be configured to be the output clock pin when the DS90UB913Q-

CLKOUT LVCMOS Q1 device is used in the External Oscillator mode. See Applications Information for a
detailed description of the DS90UB91xQ-Q1 chipsets working with the external
oscillator.
GPO3 can be configured to be the output for input signals coming from the GPIO3 pin
on the deserializer or can be configured to be the output of the local register setting on

GPOI3)/ 18 Input/Output, | the serializer. It can also be configured to be the input clock pin when the

CLKIN LVCMOS DS90UB913Q-Q1 serializer is working with an external oscillator. See Applications

Information section for a detailed description of the DS90UB91xQ-Q1 chipsets working
with an external oscillator.

BIDIRECTIONAL CONTROL BUS - I2C COMPAT

IBLE

Input/Output, | Clock line for the bidirectional control bus communication
SCL 4 ; . -
Open-Drain SCL requires an external pullup resistor to Vppo.
SDA 5 Input/Output, | Data line for the bidirectional control bus communication
Open-Drain SDA requires an external pullup resistor to Vppo.
Device mode select
MODE 8 Input, LVCMOS | Resistor to Ground and 10-kQ pullup to 1.8-V rail. MODE pin on the serializer can be
with pulldown | used to select whether the system is running off the PCLK from the imager or an
external oscillator. See details in Table 3.
Device ID address select
ID[X] 6 Input, analog | The ID[x] pin on the serializer is used to assign the I°C device address. Resistor to

Ground and 10-kQ pullup to 1.8-V rail. See Table 1.

CONTROL AND CONFIGURATION

Input, LVCMOS

Power down Mode Input Pin
PDB = H, serializer is enabled and is ON.

PDB 9 with oulldown PDB = L, Serailizer is in power-down mode. When the serializer is in power-down, the

P PLL is shutdown, and IDD is minimized. Programmed control register data are NOT
retained and reset to default values
RES 7 Input, LVCMOS | Reserved
with pulldown | This pin MUST be tied LOW.

FPD-Link Ill INTERFACE

DOUT+ 13 Input/Output, | Noninverting differential output, bidirectional control channel input. The interconnect
CML must be AC-coupled with a 100-nF capacitor.

DOUT— 12 Input/Output, | Inverting differential output, bidirectional control channel input. The interconnect must be
CML AC-coupled with a 100-nF capacitor.

POWER AND GROUND

VDDPLL 10 Power, Analog | PLL Power, 1.8 V 5%

VDDT 11 Power, Analog | Tx Analog Power, 1.8 V +5%

VDDCML 14 Power, Analog | CML and bidirectional channel driver power, 1.8 V 5%

VDDD 28 Power, Digital | Digital power, 1.8 V 5%

I | eawenDigta | O e e o v o Voo
DAP must be grounded. DAP is the large metal contact at the bottom side, located at

VSS DAP Ground, DAP | the center of the WQFN package. Connected to the ground plane (GND) with at least 9

vias.

Copyright © 2012-2015, Texas Instruments Incorporated
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RHS Package

48-Pin WQFN
Top View
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DS90UB914Q-Q1 Deserializer Pin Functions
PIN
1/0 DESCRIPTION
NAME | NO.
LVCMOS PARALLEL INTERFACE
11, 12, 13,
. 14, 15, 16, Outputs,
ROUT[11:0] 18 19 21, LVCMOS Parallel data outputs
22,23, 24
HSYNC 10 Output, Horizontal SYNC output
LVCMOS
PCLK 8 Output, Pixel clock output pin
LVCMOS Strobe edge set by RRFB control register
Output, .
VSYNC 9 LYCMOS Vertical SYNC output
GENERAL-PURPOSE INPUT/OUTPUT (GPIO)
- General-purpose input/output pins can be used to control and respond to various
GPIO[L:0] 27 28 In E&%‘ﬁl ut commands. They may be configured to be the input signals for the corresponding
’ ' p PUL. | GPOs on the serializer or they may be configured to be outputs to follow local
LVCMOS . .
register settings.
General-purpose input/output pins GPO[2:3] can be configured to be input signals
Digital for GPOs on the serializer. In addition they can also be configured to be outputs
GPIO[3:2] 25, 26 Input/Output | to follow the local register settings. When the SerDes chipsets are working with
LVCMOS an external oscillator, these pins can be configured only to be outputs to follow
the local register settings.
6 Submit Documentation Feedback Copyright © 2012-2015, Texas Instruments Incorporated
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DS90UB9140Q-Q1 Deserializer Pin Functions (continued)

PIN

NAME

NO.

I/O

DESCRIPTION

BIDIRECTIONAL CONTROL BUS - I°C COMPATIBLE

scL 2 Input/Output, | Clock line for the bidirectional control bus communication
Open-Drain SCL requires an external pullup resistor to Vpp,o.
SDA 1 Input/Output, | Data line for bidirectional control bus communication
Open-Drain SDA requires an external pullup resistor to Vpp,o.
Device mode select pin
Resistor-to-Ground and 10-kQ pullup to 1.8-V rail. The MODE pin on the
deserializer can be used to configure the serializer and deserializer to work in
different input PCLK range. See details in Table 8.
12-bit low-frequency mode (10- to 50-MHz operation):
In this mode, the serializer and deserializer can accept up to 12 bits DATA+2
Input, LVCMOS SYN_C. I_nput PCLK range is from 10 MHz to 50 MHz._ _

MODE 37 wifh pullup 12-bit high-frequency mode (15- to 75-MHz operation): In this mode, the
serializer and deserializer can accept up to 12 bits DATA + 2 SYNC. Input PCLK
range is from 15 MHz to 75 MHz.
10-bit mode (20- to 100-MHz operation):

In this mode, the serializer and deserializer can accept up to 10 bits DATA + 2

SYNC. Input PCLK frequency can range from 20 MHz to 100 MHz.

Refer to Table 4 in the Applications Information section on how to configure the

MODE pin on the deserializer.

The IDx[0] and IDx[1] pins on the deserializer are used to assign the 1°C device

address. Resistor-to-Ground and 10-kQ pullup to 1.8-V rail. See Table 2
IDx[0:1] 35,34 Input, analog | Input pin to select the slave device address.

Input is connect to external resistor divider to set programmable Device ID
address.

CONTROL AND CONFIGURATION

Input, LVCMOS

Power-down mode input pin
PDB = H, deserializer is enabled and is ON.

PDB 30 with oulldown PDB = L, deserializer is in sleep (power-down mode). When the deserializer is in
P sleep, programmed control register data are NOT retained and reset to default
values.
LOCK status output pin
LOCK 48 Output, LOCK = H, PLL is Locked, outputs are active
LVCMOS LOCK =L, PLL is unlocked, ROUT and PCLK output states are controlled by
OSS_SEL control register. May be used as link status.
Input BIST enable pin
BISTEN 6 LVCMOS with | BISTEN=H, BIST mode enabled
pulldown BISTEN=L, BIST mode is disabled
PASS output pin for BIST mode.
Outout PASS = H, ERROR FREE transmission
PASS 47 LVCSM’S PASS =L, one or more errors were detected in the received payload.
See Built-In Self Test section for more information. Leave open if unused. Route
to test point (pad) recommended.
Input ;
OEN 5 LVCMOS with Output enable input
Refer to Table 5
pulldown
Input .
0SS SEL 4 LVCMOS with Output sleep state select pin
— Refer to Table 5
pulldown
MUX select line
Input SEL =L, RINO+ input. This selects input A as the active channel on the
SEL 46 LVCMOS with | deserializer.
pulldown SEL = H, RIN1+ input. This selects input B as the active channel on the

deserializer.

Copyright © 2012-2015, Texas Instruments Incorporated
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DS90UB9140Q-Q1 Deserializer Pin Functions (continued)

PIN
I/0 DESCRIPTION
NAME NO.
FPD-LINK 1l INTERFACE
RINO+ a1 Input/Output, | Noninverting differential input, bidirectional control channel. The 10 must be AC
CML coupled with a 100-nF capacitor
RINO- 42 Input/Output, | Inverting differential input, bidirectional control channel. The IO must be AC
CML coupled with a 100-nF capacitor
RIN1+ 32 Input/Output, | Noninverting differential input, bidirectional control channel. The 10 must be AC
CML coupled with a 100-nF capacitor
RIN1- 33 Input/Output, | Inverting differential input, bidirectional control channel. The IO must be AC
CML coupled with a 100-nF capacitor
RES 43, 44 — Reserved; This pin must always be tied low.
CMLOUTP/N 38, 39 — Route to test point or leave open if unused
POWER AND GROUND
- LVCMOS 1/O buffer power, The single-ended outputs and control input are
VDDIO1/2/3 29,20, 7 Power, Digital powered from Vpp 0. Vppio can be connected to a 1.8 V £5% or 3.3 V +10%
VDDD 17 Power, Digital | Digital core power, 1.8 V 5%
VDDSSCG 3 Power, Analog | SSCG PLL power, 1.8 V +5%
VDDR 36 Power, Analog | RX analog power, 1.8 V +5%
VDDCMLO/1 40, 31 Power, Analog | CML and bidirectional control channel drive power, 1.8 V+5%
VDDPLL 45 Power, Analog | PLL Power, 1.8V +5%
DAP must be grounded. DAP is the large metal contact at the bottom side,
VSS DAP Ground, DAP | located at the center of the WQFN package. Connected to the ground plane
(GND) with at least 16 vias.
8 Submit Documentation Feedback Copyright © 2012-2015, Texas Instruments Incorporated
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8 Specifications

8.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted) @ @ ©

MIN MAX UNIT
Supply voltage — Vppp, (1.8 V) -0.3 25 \%
Supply voltage — Vppio -0.3 4.0 \%
LVCMOS input voltage -0.3 VDDIO + 0.3 \%
CML driver I/O voltage (Vpp) -0.3 Vpp + 0.3 \%
CML receiver I/O voltage (Vpp) -0.3 Vpp + 0.3 \%
Junction temperature 150 °C
Maximum package power dissipation capacity package 1/93f2%boove °C/W
Air discharge (DOUT+, DOUT—, RIN+, RIN-) -25 25 kv
Contact discharge (DOUT+, DOUT—, RIN+, RIN-) -7 7 kv
Storage temperature Tgy -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.

(2) If Military/Aerospace specified devices are required, contact the Texas Instruments Sales Office/ Distributors for availability and
specifications.

(3) For soldering specifications: see product folder at www.ti.com and SNOA549.

8.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per AEC Q100-002® +8000
Charged-device model (CDM), per AEC Q100-011 +1000
Machine model (MM) +250
Electrostatic .
V(esb) discharge IEC 61000-4-22 Air Discharge (DOUT+, DOUT-, RIN+, RIN-) 2+25 000 \%
Contact Discharge (DOUT+, DOUT-, RIN+, RIN-) 2+7000
Air Discharge 2+15 000
1S010605®)*) -
Contact Discharge 2+8000

(1) AEC Q100-002 indicates HBM stressing is done in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
(2) Rp=330Q, Cs=150pF

(3) Rp=330Q, Cs=150/330 pF

(4) Rp=2KQ, Cg=150/330pF

8.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

Supply voltage (Vppn) 1.71 1.8 1.89 \
LVCMOS supply voltage (Vppio) OR 1.71 1.8 1.89
LVCMOS supply voltage (Vppio) OR 3.0 3.3 3.6 \
LVCMOS supply voltage (Vppio) only serializer 2.52 2.8 3.08

Vbpn (1.8 V) 25
Supply noise® Vbpio (1.8 V) 25| mvp-p

Vopio (3:3V) 50
Operating free-air temperature (Tp) -40 25 105 °C
PCLK clock frequency 10 100 MHz

(1) Supply noise testing was done with minimum capacitors (as shown on Figure 49 and Figure 48) on the PCB. A sinusoidal signal is AC
coupled to the VDDn (1.8-V) supply with amplitude = 25 mVp-p measured at the device VDDn pins. Bit error rate testing of input to the
serializer and output of the deserializer with 10 meter cable shows no error when the noise frequency on the serializer is less than
1 MHz. The deserializer on the other hand shows no error when the noise frequency is less than 750 kHz.

Copyright © 2012-2015, Texas Instruments Incorporated Submit Documentation Feedback 9
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8.4 Thermal Information

DS90UB913Q-Q1 | DS90UB914Q-Q1
THERMAL METRIC® RTV (WQFN) RHS (WQFN) UNIT
32 PINS 48 PINS
Rgia Junction-to-ambient thermal resistance 38.4 26.9 °C/W
ReJc(top) Junction-to-case (top) thermal resistance 6.9 4.4 °C/W

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

8.5 Electrical Characteristics
over recommended operating supply and temperature ranges unless otherwise specified.® @ ©@
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT

LVCMOS DC SPECIFICATIONS 3.3V /O (SERIALIZER INPUTS, DESERIALIZER OUTPUTS, GPI, GPO, CONTROL INPUTS AND
OUTPUTS)

High level input

VIH Voltage VIN =3Vto3.6V 2 VIN \Y
Vi \';g;;vag*g’e' nput Vin=3V103.6V GND 08| Vv
I Input current Vin=0Vor36V,Vy=3Vto3.6V -20 +1 20 HA
High level output
Von Vo?tag : P Vobio =3V 10 3.6V, loy = -4 mA 2.4 Vooio v
VoL \';g;;vag*g’e' OUIRUL Vb0 =3V 10 3.6 V, lop = +4 mA GND 04| Vv
Serializer _15
| Output short circuit |\, _ g\, GPO outputs A
0s t ouT = — m
curren Deserializer LVCMOS 35
outputs
TRI-STATE output PDB =0V,
loz current Vour =0V or Vpp LVCMOS outputs =20 20 HA

LVCMOS DC SPECIFICATIONS 1.8V /O (SERIALIZER INPUTS, DESERIALIZER OUTPUTS, GPI, GPO, CONTROL INPUTS AND
OUTPUTS)

High level input

Vin votage Vin=1.71Vto 1.89 V 0.65 V) Vin y
Low level input _
V||_ VOItage VIN =171Vto1.89V GND 0.35 VIN
N Input current Vin=0Vorl189V,Vy=171Vto1l.89V -20 +1 20 HA
High level output Vi -
Vou Voﬂage P Vopio = 1.71 V10 1.89 V, loy = -4 mA bolo 2 Vooio v
v Low level output xDD'O =171V 189 | hoserializer LVCMOS GND 0.45 v
oL voltage outputs :
|o|_ =4 mA
Serializer 11
Output short circuit _ GPO outputs
los Vour=0V — mA
current Deserializer LVCMOS 17
outputs
TRI-STATE output PDB =0V,
loz current Vour =0 V or Vpp LVCMOS outputs -20 20 HA

(1) The Electrical Characteristics tables list ensured specifications under the listed Recommended Operating Conditions except as
otherwise modified or specified by the Electrical Characteristics Conditions and/or Notes. Typical specifications are estimations only and
are not ensured.

(2) Current into device pins is defined as positive. Current out of a device pin is defined as negative. Voltages are referenced to ground
except VOD, AVOD, VTH and VTL which are differential voltages.

(3) Typical values represent most likely parametric norms at 1.8 V or 3.3 V, T, = 25°C, and at the Recommended Operation Conditions at
the time of product characterization and are not specified.
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Electrical Characteristics (continued)

over recommended operating supply and temperature ranges unless otherwise specified.t) @ @

PARAMETER TEST CONDITIONS MIN TYP MAX ‘ UNIT
LVCMOS DC SPECIFICATIONS 2.8-V I/0 (SERIALIZER INPUTS, GPI, GPO, CONTROL INPUTS AND OUTPUTS)
High level input
ViH vo?tage p Vin=2.52Vt03.08V 0.7 Vi ViN v
Low level input _
V||_ Voltage VlN =252Vt 3.08V GND 0.3 V|N
N Input current Vin=0Vor3.08V,Vy=252Vto3.08V -20 +1 20 HA
High level output
VoH vo?tage p Vppio = 2.52Vt03.08V, lon = -4 mA Vppio — 0.4 Vbpio \Y
Low level output Vopio =252V 103.08 | b0 orializer LVCMOS
Vou voltage v outputs GND 04 v
lo. =4 mA
Serializer 11
| Output short circuit |, _ o\, GPO outputs mA
s current ot Deserializer LVCMOS 20
outputs
TRI-STATE output PDB =0V, _
loz current Vour = 0V of Vpp LVCMOS outputs 20 20 HA
CML DRIVER DC SPECIFICATIONS (DOUT+, DOUT-)
Output differential _ .
Vool voltage R, =100 Q (see Figure 9) 268 340 412 mV
Output differential _
AVop voltage unbalance RL=1000 1 50 mv
Output differential _ . _
Vos offset voltage R, = 100 Q (see Figure 9) Vop — Vobr2 \Y,
Offset voltage _
AVos  ynbalance RL=1000 1 50 mv
los Output short DOUT+ =0V 26 mA
circuit current
Differential internal
Rt termination Differential across DOUT+ and DOUT- 80 100 120 Q
resistance
CML RECEIVER DC SPECIFICATIONS (RINO+, RINO—, RIN1+, RIN1-)
N Input current Vin=Vppor0V, Vpp =189V -20 1 20 HA
Differential internal
Rt termination Differential across RIN+ and RIN- 80 100 120 Q
resistance
CML RECEIVER AC SPECIFICATIONS (RINO+, RINO—, RIN1+, RIN1-)
Minimum allowable
[Vswingl ~ swing for 1010 Line rate = 1.4 Gbps (see Figure 11) 135 mV
pattern®
CML MONITOR OUTPUT DRIVER SPECIFICATIONS (CMLOUTP, CMLOUTN)
Differential output
E : 0.45 ul
W eye opening R. =100 Q
E Differential output Jitter frequency > f / 40 (see Figure 20) 200 v
H eye height
(4) Specification is ensured by characterization and is not tested in production.
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Electrical Characteristics (continued)

over recommended operating supply and temperature ranges unless otherwise specified.t) @ @
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
SERIALIZER AND DESERIALIZER SUPPLY CURRENT *DIGITAL, PLL, AND ANALOG VDD

vDDn =1.89 V
VDDIO = 3.6V
f =100 MHz, 61 80 mA
10-bit mode

default registers

VDDn =1.89V
VDDIO =3.6 V

R, =100 Q f=75 MHz,

WORST CASE pattern | 12-bit high-frequency
(see Figure 6) mode

default registers

vDDn =189V
VDDIO = 3.6 V

f =50 MHz,

12-bit low-frequency
Serializer (TX) mode '

Vppn supply current default registers
(includes load vDDn = 1.89 V
current) VDDIO =36 V

f =100 MHz, 54
10-bit mode
default registers

VDDn =1.89V
VDDIO =3.6 V
R, =100 Q f=75 MHz, 54
RANDOM PRBS-7 12-bit high-frequency mA
pattern mode

default registers

VDD =1.89 V
VDDIO = 3.6 V

f =50 MHz,

12-bit low-frequency
mode

default registers

VDDIO =1.89 V
f=75 MHz,

Serializer (TX) R =100 0 éZ;bitlhightfreq mode
L= efault registers
VDDIO supply WORST CASE pattern 2 mA
current (includes (see Figure 6) VDDIO =3.6V
load current) f =75 MHz,

12-bit high-frequency
mode default registers
iali VDDIO = 1.89 V
looTz ?L?[;E)I/Zsar(r?r:t) PDB =0 V; all other Default registers
power-down LVCMOS inputs=0V |ypDIO = 3_.6 Vv
Default registers

VDDIO =1.89 V

PDB = 0 V; All other Default registers
LVCMOS Inputs =0V |vDDIO =36V

Default registers

61 80

mA

61 80

IppT

54

15 3

IppioT

300 900 A

300 900 vy

Serializer (TX) 15 100 HA
Iobiotz  VDDIO supply

current power-down

15 100 HA
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Electrical Characteristics (continued)

over recommended operating supply and temperature ranges unless otherwise specified.t) @ @

freq mode

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
:n:oégo MHz, 10-bit 22 42
\C/D'D_'°8=p,1:'89 v f = 75 MHz, 12-bit high- 19 29 "
L=
WORST CASE pattern freq mode
f =50 MHz, 12-bit low- 21 32
freq mode
I;:O(Jj.go MHz, 10-bit 15
\éfg'gp; 189V f = 75 MHz, 12-bit high- I "
Random pattern freq mode
f = 50 MHz, 12-bit low- 14
freq mode
:n:oégo MHz, 10-bit 42 55
\C/D'D_'Oszpﬁ's v f = 75 MHz, 12-bit high- a7 50 "
L=
WORST CASE pattern freq mode -
f =50 MHz, 12-bit low- o5 38
freq mode
I;:O(Jj.go MHz, 10-bit 35
\éDEEOS:pﬁ'G v f = 75 MHz, 12-bit high- 20 -
L=
Random pattern freq mode :
Deserializer (RX) f =50 MHz, 12-bit low- 18
| total supply current freq mode
PO (includes load f = 100 MHz, 10-bit
current) mode 15
\C/D'D_'°4=p,1:'89 v f = 75 MHz, 12-bit high- N "
L=
WORST CASE pattern freq mode
f =50 MHz, 12-bit low-
16
freq mode
f =100 MHz, 10-bit 8
mode
\éDEEO: ,1:'89 v f = 75 MHz, 12-bit high- . -
L=4p freq mode
Random pattern
f = 50 MHz, 12-bit low- 9
freq mode
f =100 MHz, 10-bit 36
mode
VDDIO =36V _ hit hinh.
CL=4pF ;r; 75m(l;/|dl-éz, 12-bit high 29 mA
WORST CASE pattern q
f =50 MHz, 12-bit low-
20
freq mode
f =100 MHz, 10-bit
mode 29
VDDlO =36V _ hi . R
CL=4pF ]tr; 7?12Ad|—éz’ 12-bit high 22 mA
Random pattern q
f = 50 MHz, 12-bit low- 13
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Electrical Characteristics (continued)
over recommended operating supply and temperature ranges unless otherwise specified.t) @ @
PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
f =100 MHz,
10-bit mode 64 110
— f=75 MHz,
\éDD_”;pll'zsg v 12-bit high-frequency 67 114
L=
WORST CASE pattern mode
Deserializer (RX) f =50 MHz,
| VDDn supply current 12-bit low-frequency 63 96 mA
DDR (includes load mode
current) f =100 MHz, 57
10-bit mode
Voon = 1.89V f = 75 MHz, 12-bit
CL =4 pF high-frequency mode 60
Random pattern
f =50 MHz, 12-bit 56
low-frequency mode
- PBB =0V, all other VDDIO =1.89 V 42 400
Deserializer (RX) LVCMOS Inputs=0 V Default registers
IbbRZ supply current HA
power-down PBB =0V, all other VDDIO =3.6 V a2 400
LVCMOS Inputs=0 V Default registers
ooroms BgsDers'ﬁ'r')zp‘f; RX) . |PDB=0V, alloher | Yopo =189V 8 40 A
power-down LVCMOS Inputs =0V | vpp5=3.6V 360 800
8.6 Timing Requirements: Recommended for Serializer PCLK
over recommended operating supply and temperature ranges unless otherwise specified.®
TEST CONDITIONS PIN/FREQ MIN NOM MAX UNIT
10-bit mode 10 T 50
12-bit high-frequency
trep Transmit clock period mode 13.33 T 66.66 ns
12-bit low-frequency
mode 20 T 100
Transmit clock
trem input high time 04T 0.5T 0.6T ns
Transmit clock
tren input low time 0.4T 0.5T 0.6T ns
20 MHz-100 MHz,
10-bit mode 0.5T 2.5T 0.3T
PCLK input transition 15 MHz to 75 MHz, 12-bit
CLKT  {ime (Figure 12) high-frequency mode 0.5T 25T 0.3T ns
10 MHz to 50 MHz, 12-bit 05T 25T 0.3T
low-frequency mode
PCLK input jitter
tato (PCLK from imager Refer to jitter freq > f/ 40 | f =10 to 100 MHz 0.1T ns
mode)
PCLK input jitter (external - _
tyme oscillator mode) Refer to jitter freq > f/ 40 | f =10 to 100 MHz iT ns
tyr2 External oscillator jitter 0.1 ul
(1) Recommended input timing requirements are input specifications and not tested in production.
14 Submit Documentation Feedback Copyright © 2012-2015, Texas Instruments Incorporated

Product Folder Links: DS90UB913Q-Q1 DS90UB914Q-Q1



13 TEXAS
INSTRUMENTS

www.ti.com

DS90UB913Q-Q1, DS90UB9140Q-Q1
SNLS420D —JULY 2012—REVISED JULY 2015

8.7 AC Timing Specifications (SCL, SDA) - I°C Compliant

over recommended supply and temperature ranges unless otherwise specified. (See Figure 5)

TEST CONDITIONS | MIN NOM MAX UNIT
RECOMMENDED INPUT TIMING REQUIREMENTS
Standard mode >0 100
fscL SCL clock frequency kHz
Fast mode >0 400
fow SCL low period Standard mode 4.7 us
Fast mode 13
- SCL high period Standard mode 4.0 us
Fast mode 0.6
tpsys  Hold time for a start or a Standard mode 4 us
: repeated start condition East mode 0.6
topisra | SClUp time for a start or a Standard mode 47 us
repeated start condition East mode 0.6
tiooar  Data hold time Standard mode 0 3.45 us
Fast mode 0 900
tsupat Data setup time Standard mode 250 ns
' Fast mode 100
toysro S€lup time for STOP Standard mode 4 s
condition Fast mode 0.6
tour Bus free time between | Standard mode 47 us
stop and start Fast mode 1.3
tr SCL and SDA rise time Standard mode 1000 ns
Fast mode 300
tf SCL and SDA fall time Standard mode 300 ns
Fast mode 300
8.8 Bidirectional Control Bus DC Timing Specifications (SCL, SDA) - I1°C Compliant
over recommended supply and temperature ranges unless otherwise specified®
TEST CONDITIONS | MIN NOM MAX| UNIT
RECOMMENDED INPUT TIMING REQUIREMENTS
Viy Input high level SDA and SCL 0.7 X Vppio Vbpio \%
Vi Input low level SDA and SCL GND 0.3 X Vppio \%
Vhy Input hysteresis >50 mV
VoL Output low level SDA, lg. = 0.5 mA 0 0.4 \%
Iin Input current SDA or SCL, V|y = Vppop OR GND -10 10 HA
tr SDA rise time-READ SDA, RPU = 10 kQ, Cb < 400 pF (see 430 ns
te SDA fall time-READ Figure 5) 20 ns
tsu:pAT See Figure 5 560 ns
tHp:DAT See Figure 5 615 ns
tsp 50 ns
Cin SDA or SCL <5 pF

(1) Specification is ensured by design.
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8.9 Switching Characteristics: Serializer
over recommended operating supply and temperature ranges unless otherwise specified.

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
tLr t?rwe'- low-to-high transition | o _ 144 g (see Figure 7) 150 330 ps
tur oL high-to-lowtransition |~ 100  (see Figure 7) 150 330  ps
tois Data input setup to PCLK 2 ns

Data input hold from Serializer data inputs (see Figure 13)
toiH PCLK 2 ns
tpLp Serializer PLL lock time | R, = 100 Q@Y @ (see Figure 14) 1 2 ms
Rt =100 Q, 10-bit mode
Register 0x03h b[0] (TRFB = 1) (see 32.5T 38T 44T
o 5 Figure 15)
tsp Serializer delay®@ - ns
Rt =100 Q, 12-bit mode
Register 0x03h b[0] (TRFB = 1) (see 11.75T 13T 15T
Figure 15)
o Serializer output intrinsic deterministic jitter.
Serializer output -
tynD L Measured (cycle-cycle) with PRBS-7 test 0.13 ul
deterministic jitter pattern(S) S
t Serializer output Serializer output intrinsic randomg'itter (cycle- 0.04 ul
JINR random jitter cycle). Alternating-1,0 pattern.® ®) :
Serializer output peak-to-peak jitter includes
t Peak-to-peak serializer deterministic jitter, random jitter, and jitter 0.396 ul
JINT output jitter transfer from serializer input. Measured :
(cycle-cycle) with PRBS-7 test pattern.® (4
PCLK = 100 MHz 29
10-bit mode. Default registers ’
Serializer jitter
. PCLK = 75 MHz
Astxgw transfer function —3-dB A . 2.2 MHz
bandwidth ® 12-bit high-frequency mode. Default registers
PCLK = 50 MHz 29
12-bit low-frequency mode. Default registers ’
PCLK = 100 MHz 1.06
10-bit mode. Default Registers '
Serializer jitter _
Os7x transfer function EZClk_JIEP:l 7??—f’:lHLZJenc mode. Default registers 1.09 dB
(peaking)(S) [¢] q y . g
PCLK = 50 MHz 1.16
12-bit low-frequency mode. Default registers '
PCLK = 100 MHz 400
10-bit mode. Default registers
Serializer jitter
. PCLK = 75 MHz
OsTxf transfer function T . 500 kHz
(peaking frequency)(s) 12-bit high-frequency mode. Default registers
PCLK = 50 MHz 600
12-bit low-frequency mode. Default registers

(1) tpp and tpp, T is the time required by the serializer and deserializer to obtain lock when exiting power-down state with an active PCLK

(2) Specification is ensured by design.

(3) Typical values represent most likely parametric norms at 1.8 V or 3.3 V, T, = 25°C, and at the recommended operation conditions at the
time of product characterization and are not specified.

(4) Ul - Unit Interval is equivalent to one ideal serialized data bit width. The Ul scales with PCLK frequency.

(5) Specification is ensured by characterization and is not tested in production.
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8.10 Switching Characteristics: Deserializer

over recommended operating supply and temperature ranges unless otherwise specified.

PARAMETER TEST CONDITIONS PIN/FREQ MIN TYP MAX UNIT
10-bit mode 10 50
. Receiver output rlnzo-gg high-frequency PCLK (see 13.33 66.66 o
RCP clock period : Figure 19)
12-bit low-frequency 10 100
mode
10-bit mode 45% 50% 55%
12-bit high-frequency o o o
tppc PCLK duty cycle mode PCLK 40% 50% 60%
12-bit low-frequency 40% 50% 60%
mode
LVCMOS low-to-high Vppio: 1.71 V to 1.89 V or
tetn transition time 3.0Vt 3.6V, 13 2 28 ns
} C_ =8 pF (lumped load) | PCLK
fen LVCMOS high-to-low Default registers 1.3 2 28 ns
transition time (see Figure 17)®
t LVCMOS low-to-high Vppio: 1.71 V to 1.89 V or 1 25 4 ns
CLH transition time 3.0Vt 3.6V, ) )
_ ROUT[11:0], HS,
] C, = 8 pF (lumped load) VS
LVCMOS high-to-low Default registers
tCHL . . ! 1 2.5 4 ns
transition time (see Figure 17)®
thos ROUT setup data to Vppio: 1.71 V to 1.89 V or 0.38T 05T ns
PCLK 3.0Vto 3.6V, .
_ ROUT[11:0], HS,
C, = 8 pF (lumped load) VS
trou ROUT hold data to PCLK | Default registers (see 0.38T 0.5T ns
Figure 19)
10-bit mode 154T 158T
Default registers 12-bit low-
top Deserializer delay ?;lg;féer:ol);%h b[0] frequency mode 1097 1127 ns
i 1) -bit high-
(see Figure 18) ]}2 bit high 73T 75T
requency mode
10-bit mode 15 22
- With Adaptive 12-bit low-
tooLT Egzenahzer data lock E_qualization (see frequency mode 15 22 ms
Figure 16) 12-bit high-
15 22
frequency mode
10-bit mode
PCLK = 100 MHz 20 30
12-bit low-
. - PCLK frequency mode 22 35
trey Receiver clock jitter SSCG[3:0] = OFF® PCLK = 50 MHz ps
12-bit high-
frequency mode 45 90
PCLK =75 MHz
10-bit mode
PCLK = 100 MHz 170 815
12-bit low-
- N PCLK frequency mode 180 330
topy Deserializer period jitter SSCG[3:0] = OFF® @ PCLK= 50 MHz ps
12-bit high-
frequency mode 300 515
PCLK= 75 MHz

(1) Specification is ensured by characterization and is not tested in production.
(2) tppyis the maximum amount the period is allowed to deviate measured over 30,000 samples.
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Switching Characteristics: Deserializer (continued)
over recommended operating supply and temperature ranges unless otherwise specified.
PARAMETER TEST CONDITIONS PIN/FREQ MIN TYP MAX UNIT
10-bit mode
PCLK = 100 MHz 440 1760
12-bit low-
t Deserializer cycle-to- PCLK frequency mode 460 730 S
DCCI  cycle clock jitter SSCG[3:0] = OFF®M @ | PCLK = 50 MHz P
12-bit high-
frequency mode 565 985
PCLK =75 MHz
Spread spectrum clocking +0.5 to
fdev deviation frequency LVCMOS output bus 10 MHz-100 MHz +1.5%
q ocki SSCJ[3:0] =10N (see
fmod ~ SPread spectum clocking | Figyre 24)® 10 MHz-100 MHz 510 50 KHz
modulation frequency
(3) tpcey is the maximum amount of jitter between adjacent clock cycles measured over 30,000 samples.
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8.11 Typical Characteristics

4 0.65
2
0 N

-2
-4
-6
-8

-10 \
-12
-14
-16

-18
1.0E+04 1.0E+05 1.0E+06 1.0E+07

0.60

0.55

JITTER TRANSFER (dB)

JITTER AMPLITUDE (UI)

0.50

0.45
1E+04 1E+05 1E+06 1E+07

MODULATION FREQUENCY ( Hz) JITTER FREQUENCY (Hz)

Figure 1. Typical Serializer Jitter Transfer Function Figure 2. Typical Deserializer Input Jitter Tolerance Curve
at 100 MHz at 1.4-Gbps Line Rate
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Figure 3. Maximum Equalizer Gain vs. Line Frequency Figure 4. Adaptive Equalizer — Interconnect Loss
Compensation

Copyright © 2012-2015, Texas Instruments Incorporated Submit Documentation Feedback 19
Product Folder Links: DS90UB913Q-Q1 DS90UB914Q-Q1



13 TEXAS
INSTRUMENTS
DS90UB9130Q-Q1, DS90UB9140Q-Q1

SNLS420D —JULY 2012—REVISED JULY 2015 www.ti.com

9 Parameter Measurement Information

9.1 AC Timing Diagrams and Test Circuits

S\ s o) 1 e ¥y W

- -4 o —

tHD;STA tr—
H ki \ ’
tHD;STA —» | et tsusTa tsu;sTO P | -
tHIGH
tHD:DAT [— tsu;DAT

START REPEATED STOP START
START

SCL

Figure 5. Bidirectional Control Bus Timing

Device Pin Name Signal Pattern

————— T

PCLK
(RFB = H)
Din/Rout |

Figure 6. Worst Case Test Pattern

Vdiff

Vdiff = (DouT+) - (DouT-)

Figure 7. Serializer CML Output Load and Transition Times

SCOPE
BW > 4.0 GHz

Dourt-

100 nF

Figure 8. Serializer CML Output Load and Transition Times

10/12,
HS,VS|
Din

Dout+

B

Dourt-

| PARALLEL-TO-SERIAL |

PCLK P>

Figure 9. Serializer VOD Diagram
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AC Timing Diagrams and Test Circuits (continued)

Single Ended
=V
Dout- =} T = os
Vob > Vops oD-
Dout+ == . !
Differential T
VOD+
(DouTt+)-(Dourt-) I o
Vop-
'
Figure 10. Serializer VOD Diagram
Single Ended RiN- = T T
> Vswing+ VSViing‘ —
RNt == I
ov
Differential
Vswing+
(RIN#+)-(RIN-) ] ov
Vswing-
Figure 11. Differential Vswing Diagram
|
80% 80% Voo trep
PCLK
20% 20% ov
— PCLK Vppio/2
tekT teLkT
| tpis toiH |
Vbpio
DINN vppo/2 Setup Hold Vppio/2
ov
Figure 12. Serializer Input Clock Transition Times Figure 13. Serializer Set-Up and Hold Times
PDB VDDIO/2 7‘ \
PCLK /_\_7(_\_/00- ooo/_\_/
tpLD
DouTt I TRI-STATE Output Active TRI-STATE
Figure 14. Serializer PLL Lock Time
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AC Timing Diagrams and Test Circuits (continued)
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Figure 15. Serializer Delay
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-
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Figure 16. Deserializer Data Lock Time

Deserializer
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Figure 17. Deserializer LVCMOS Output Load and Transition Times
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Figure 18. Deserializer Delay
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AC Timing Diagrams and Test Circuits (continued)
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Figure 20. CML Output Driver
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AC Timing Diagrams and Test Circuits (continued)
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10 Detailed Description

10.1 Overview

The DS90UB91xQ-Q1 FPD-Link Il chipsets are intended to link megapixel camera imagers and video
processors in ECUs. The serializer and deserializer chipset can operate from 10-MHz to 100-MHz pixel clock
frequency. The DS90UB913Q-Q1 device transforms a 10- and 12-bit wide parallel LVCMOS data bus along with
a bidirectional control channel control bus into a single high-speed differential pair. The high-speed serial bit
stream contains an embedded clock and DC-balanced information which enhances signal quality to support AC
coupling. The DS90UB914Q-Q1 device receives the single serial data stream and converts it back into a 10- and
12-bit wide parallel data bus together with the control channel data bus. The DS90UB91xQ-Q1 chipsets can
accept up to:

e 12 hits of DATA+2 bits SYNC for an input PCLK range of 10 MHz-50 MHz in the 12-bit low-frequency mode
e 12 hits DATA + 2 SYNC bits for an input PCLK range of 15 MHz to 75 MHz in the 12-bit high-frequency mode
e 10 hits DATA + 2 SYNC bits for an input PCLK range of 20 MHz to 100 MHz in the 10-bit mode.

The DS90UB914Q-Q1 chipset has a 2:1 multiplexer that allows customers to select between two serializer
inputs. The control channel function of the DS90UB91xQ-Q1 chipset provides bidirectional communication
between the image sensor and ECUs. The integrated bidirectional control channel transfers data bidirectionally
over the same differential pair used for video data interface. This interface offers advantages over other chipsets
by eliminating the need for additional wires for programming and control. The bidirectional control channel bus is
controlled through an 1°C port. The bidirectional control channel offers asymmetrical communication and is not
dependent on video blanking intervals.

The DS90UB91xQ-Q1 chipset offer customers the choice to work with different clocking schemes. The
DS90UB91xQ-Q1 chipsets can use an external oscillator as the reference clock source for the PLL or PCLK from
the imager as primary reference clock to the PLL.

10.2 Functional Block Diagram

10

10 or
- or
DIN v < - _? = B ] 2 ROUT
2l |3l |s RT3 3RT| poOUT+ RTES R i N s 4
HSYNC H3Hs 1] | RINOH[FT23 T o s 3 HSYNC
VSYNC 2| |5l |8 ! ! ) g 2 H VSYNC
2 £ 1 1 8 8 3
GPO[3:0] —7 1 I < 4
DOUT- RINO- | o —=— GPIO[3:0]
RINL+| 33
PCLK pLL |4 Clock . I Clock PCLK
Gen m W CDR Gen LOCK
I oo 3 I — PASS
RIN1-
PDB Timing and [ PDB—] Timing and
Control Control
— BISTEN—
OEN—
SEL— 5 SDA
o - o
SDA « 2 8 g 4> scL
SCL « £ Ol — ibx[0]
[&]
ox — |8 MODE — — 1Dx[1]
MODE —
DS90UB913Q - SERIALIZER DS90UB914Q - DESERIALIZER
opyrig = , Texas Instruments Incorporate i i
C ht © 2012-2015, T Inst ts | ted Submit Documentation Feedback 25

Product Folder Links: DS90UB913Q-Q1 DS90UB914Q-Q1



13 TEXAS
INSTRUMENTS
DS90UB9130Q-Q1, DS90UB9140Q-Q1

SNLS420D —JULY 2012—REVISED JULY 2015 www.ti.com

10.3 Feature Description

10.3.1 Serial Frame Format

The high-speed forward channel is composed of 28 bits of data containing video data, sync signals, 1°C and
parity bits. This data payload is optimized for signal transmission over an AC-coupled link. Data is randomized,
balanced and scrambled. The 28-bit frame structure changes in the 12-bit low-frequency mode, 12-bit high
frequency mode and the 10-bit mode internally and is seamless to the customer. The bidirectional control
channel data is transferred over the single serial link along with the high-speed forward data. This architecture
provides a full duplex low-speed forward and backward path across the serial link together with a high-speed
forward channel without the dependence on the video blanking phase.

10.3.2 Line Rate Calculations for the DS90UB91xQ

The DS90UB913Q-Q1 device divides the clock internally by divide-by-1 in the 12-bit low-frequency mode, by

divide-by-2 in the 10-bit mode and by divide-by-1.5 in the 12-bit high-frequency mode. Conversely, the

DS90UB914Q-Q1 multiplies the recovered serial clock to generate the proper pixel clock output frequency. Thus

the maximum line rate in the three different modes remains 1.4 Gbps. The following are the formulae used to

calculate the maximum line rate in the different modes.

e For 12-bit low-frequency mode, Line rate = fpc k X 28; that is, fpc k= 50 MHz, line rate = 50 x 28 = 1.4 Ghps

e For 10-bit mode, Line rate = fpc  / 2 x 28; that is, fpc k= 100 MHz, line rate = (100 / 2) x 28 = 1.4 Gbps

» For the 12-bit high-frequency mode, Line rate = fpc x x (2 / 3) x 28; that is, fpc k= 75 MHz, line rate = (75) x
(2/3)x 28 =1.4 Gbps

10.3.3 Deserializer Multiplexer Input

The DS90UB914Q-Q1 offers a 2:1 multiplexer that can be used to select which camera is used as the input.
Figure 25 shows the operation of the 2:1 multiplexer in the deserializer. The selection of the camera can be pin
controlled as well as register controlled. Both the deserializer inputs cannot be enabled at the same time. If the
Serializer A is selected as the active serializer, the back-channel for Deserializer A turns ON and vice versa. To
switch between the two cameras, first the Serializer B has to be selected using the SEL pin/register on the
deserializer. After that the back channel driver for Deserializer B has to be enabled using the register in the
deserializer.

Serializer A
Camera A DS90UB913Q DS90UB914Q

CMOS =
Image | pcLk
Sensor

| €=FSYNC—]

T*_’ ’c

Serializer B
Camera B DS90UB913Q Deserializer A

CMOS DATA _|

Image | pcik

Sensor |_
l&~FsYNC—

T*_> ’c

Serializer B PRl

ECU
Module

Figure 25. Using the Multiplexer on the Deserializer to Enable a Two-Camera System
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Feature Description (continued)

10.3.4 Error Detection

The chipset provides error detection operations for validating data integrity in long distance transmission and
reception. The data error detection function offers users flexibility and usability of performing bit-by-bit data
transmission error checking. The error detection operating modes support data validation of the following signals:
» Bidirectional control channel data across the serial link

» Parallel video/sync data across the serial link
The chipset provides one parity bit on the forward channel and 4 CRC bits on the back channel for error

detection purposes. The DS90UB91xQ-Q1 chipset checks the forward and back channel serial links for errors
and stores the number of detected errors in two 8-bit registers in the serializer and the deserializer respectively.

To check parity errors on the forward-channel, monitor registers Ox1A and 0x1B on the deserializer. If there is a
loss of LOCK, then the counters on registers 0x1A and 0x1B are reset.

NOTE
Whenever there is a parity error on the forward channel, the PASS pin will go low.

To check CRC errors on the back-channel, monitor registers 0xOA and 0x0B on the serializer.

10.3.5 Description of Bidirectional Control Bus and I°C Modes

The I12C-compatible interface allows programming of the DS90UB913Q-Q1, DS90UB914Q-Q1, or an external
remote device (such as image sensor) through the bidirectional control channel. Register programming
transactions to/from the DS90UB913xQ-Q1 chipset are employed through the clock (SCL) and data (SDA) lines.
These two signals have open-drain I/Os and both lines must be pulled up to VDDIO by an external resistor.
Pullup resistors or current sources are required on the SCL and SDA busses to pull them high when they are not
being driven low. A logic LOW is transmitted by driving the output low. Logic HIGH is transmitted by releasing the
output and allowing it to be pulled up externally. The appropriate pullup resistor values will depend upon the total
bus capacitance and operating speed. The DS90UB91xQ-Q1 I1°C bus data rate supports up to 400 kbps
according to I1°C fast mode specifications.

= o
Bus Activity: % Slave Register &
Master -— Address —p» ¢—— Address —»i «——— Data ———»>
HERERE HERBRRE
SDA Line S 7-bit Address 0
[ 111111 [ 111111
Bus Activity: A A A
Slave c C c
K K K
Figure 26. Write Byte
N
L = A
B”;’;g{;“,"y' & Slave . Register & Slave . c ;!:
—— Address —i i#—— Address —p 4—— Address — P} K
FTrrTrnl HERRRR
SDA Line S 7-bit Address |0 S 7-bit Address | 1 P
[11111] [11111]
Bus Activity: A A A4—— Data —»
Slave c c c
K K K
Figure 27. Read Byte
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Feature Description (continued)
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Figure 28. Basic Operation
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Figure 29. Start and Stop Conditions

10.3.6 Slave Clock Stretching

The 1°C-compatible interface allows programming of the DS90UB913Q-Q1, DS90UB914Q-Q1, or an external
remote device (such as image sensor) through the bidirectional control.

NOTE
To communicate and synchronize with remote devices on the I1°C bus through the
bidirectional control channel/MCU, the chipset utilizes bus clock stretching (holding the
SCL line low) during data transmission where the I°C slave pulls the SCL line low on the
9th clock of every I1°C transfer (before the ACK signal).

The slave device will not control the clock and only stretches it until the remote peripheral has responded. The
I2C master must support clock stretching to operate with the DS90UB91xQ-Q1 chipset.

10.3.7 I?C Pass-Through

I2C pass-through provides an alternative means to independently address slave devices. The mode enables or
disables I2C bidirectional control channel communication to the remote 1°C bus. This option is used to determine
whether or not an I2C instruction is to be transferred over to the remote IC device. When enabled, the I°C bus
traffic will continue to pass through, I°C commands will be excluded to the remote I°C device. The pass-through
function also provides access and communication to only specific devices on the remote bus.

See Figure 30 for an example of this function.

If master controller transmits 1°C transaction for address 0xAQ, the SER A with I°C pass-through enabled will
transfer 1°C commands to remote Camera A. The SER B with 1°C pass-through disabled, any I°C commands will
be bypassed on the 1°C bus to Camera B.

28 Submit Documentation Feedback Copyright © 2012-2015, Texas Instruments Incorporated
Product Folder Links: DS90UB913Q-Q1 DS90UB914Q-Q1



i3 TEXAS

INSTRUMENTS

www.ti.com

DS90UB913Q-Q1, DS90UB9140Q-Q1
SNLS420D —JULY 2012—REVISED JULY 2015

Feature Description (continued)

10.3.8

DS90UB913Q
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.
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Figure 30.

ID[x] Address Decoder on the Serializer

I°C Pass-Through

DES B: I2C_SLAVE

SCL

Master

The ID[X] pin on the serializer is used to decode and set the physical slave address of the serializer (1°C only) to
allow up to five devices on the bus connected to the serializer using only a single pin. The pin sets one of the 5
possible addresses for each serializer device. The pin must be pulled to VDD (1.8 V, not VDDIO) with a 10-kQ
resistor and a pulldown resistor (RID) of the recommended value to set the physical device address. The
recommended maximum resistor tolerance is 1%.

10k

Vbbio
ID[X]
RPU RPU Rib
HOST DS90UB913Q
SCL L SCL
SDA SDA
—>
To other Devices
—
Figure 31. ID[x] Address Decoder on the Serializer
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Table 1. ID[x] Resistor Value for DS90UB913Q-Q1 Serializer

ID[x] Resistor Value — DS90UB913Q-Q1 Serializer
fsry S
0k 0x58 0xBO
2k 0x59 0xB2
4.7k Ox5A 0xB4
8.2k 0x5B 0xB6
14 k 0x5C 0xB8
100 k 0x5D O0xBA

10.3.9 ID[x] Address Decoder on the Deserializer

The IDx[0] and IDx[1] pins on the deserializer are used to decode and set the physical slave address of the
deserializer (12C only) to allow up to 16 devices on the bus using only two pins. The pins set one of 16 possible
addresses for each deserializer device. As there will be more deserializer devices connected on the same board
than serializers, more I°C device addresses have been defined for the DS90UB914Q-Q1 deserializer than the
DSDS90UB913Q-Q1 serializer. The pins must be pulled to VDD (1.8 V, not VDDIO) with a 10-kQ resistor and
two pulldown resistors (RIDO and RID1) of the recommended value to set the physical device address. The
recommended maximum resistor tolerance is 1%.

1.8V 1.8V
10k 10k
Rip1 Ripo
Vbpio
IDX[0]
RPU RPU IDx[1]
HOST DS90UB914Q
SCL L SCL
SDA SDA
To other
Devices

Figure 32. ID[x[ Address Decoder on the Deserializer

Table 2. Resistor Values for IDx[0] and IDx[1] on DS90UB914Q-Q1 Deserializer

ID[X] RESISTOR VALUE — DS90UB913Q SERIALIZER
RESISTOR RID1 Q RESISTOR RIDO Q ADDRESS 7'b ADDRESS 8'b 0 APPENDED
(1%TOLERANCE) (1%TOLERANCE) (WRITE)
0k 0k 0x60 0xCO0
0k 3k 0x61 0xC2
0k 11k 0x62 0xC4
0k 100 k 0x63 0xC6
3k 0k 0x64 0xC8
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Table 2. Resistor Values for IDx[0] and IDx[1] on DS90UB914Q-Q1 Deserializer (continued)

ID[X] RESISTOR VALUE — DS90UB913Q SERIALIZER
3k 3k 0x65 OxCA
3k 11k 0x66 0XCC
3k 100 k 0x67 OXCE
11k 0k 0x68 0XDO
11k 3k 0x69 0XD2
11k 11k Ox6A 0XD4
11k 100 k 0x6B 0XD6
100 k 0k 0x6C 0XD8
100 k 3k 0x6D OXDA
100 k 11k OX6E 0XDC
100 k 100 k Ox6F OXDE

10.3.10 Programmable Controller

An integrated 1°C slave controller is embedded in the DS90UB913Q-Q1 serializer as well as the DS90UB914Q-
Q1 deserializer. It must be used to configure the extra features embedded within the programmable registers or it

can be used to control the set of programmable GPIOs.

10.3.11 Synchronizing Multiple Cameras

For applications requiring multiple cameras for frame-synchronization, Tl recommends to utilize the General-
Purpose Input/Output (GPIO) pins to transmit control signals to synchronize multiple cameras together. To
synchronize the cameras properly, the system controller needs to provide a field sync output (such as a vertical
or frame sync signal) and the cameras must be set to accept an auxiliary sync input. The vertical synchronize
signal corresponds to the start and end of a frame and the start and end of a field.

this form of synchronization timing relationship has a non-deterministic latency. After the
control data is reconstructed from the bidirectional control channel, there will be a time
variation of the GPIO signals arriving at the different target devices (between the parallel
links). The maximum latency delta (t1) of the GPIO data transmitted across multiple links

is 25 ps.

The user must verify that the timing variations between the different links are within their
system and timing specifications.
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See Figure 33 for an example of synchronizing multiple cameras.

The maximum time (t1) between the rising edge of GPIO (that is, sync signal) arriving at Camera A and Camera
B is 25 ps.

Camera A DS90UB913Q DS90UB914Q
CMOS _| 1L
([[ moe [ B >:| B |(e >|:| >
Sensor L
‘1"; | €-FsyNC— m FSYNC—
| *_" ’c 2c i >
Serializer A Deserializer A
ECU
Module
Camera B DS90UB913Q DS90UB914Q
(][ ?MOS ] —|DO(X)( iI >|:| DATA >
mage 10 PCLK
Sensor L}
Ig FSYNC—
e o = i
Serializer B Deserializer B

Figure 33. Synchronizing Multiple Cameras

DES A | |
GPIO[Nn] Input

DES B
GPIO[Nn] Input

. H

GPIO[n] Output ! 0

\‘I_I [ ]

GPIO[n] Output

Figure 34. GPIO Delta Latency

10.3.12 General-Purpose I/0 (GPIO) Descriptions

There are 4 GPOs on the serializer and 4 GPIOs on the deserializer when the DS90UB91xQ-Q1 chipsets are run
off the pixel clock from the imager as the reference clock source. The GPOs on the serializer can be configured
as outputs for the input signals that are fed into the deserializer GPIOs. In addition, the GPOs on the serializer
can behave as outputs of the local register on the serializer. The GPIOs on the deserializer can be configured to
be the input signals feeding the output of the GPOs on the serializer. In addition the GPIOs on the deserializer
can be configured to behave as outputs of the local register on the deserializer. If the DS90UB91xQ-Q1 chipsets
are run off the external oscillator source as the reference clock, then GPO3 on the serializer is automatically
configured to be the input for the external clock and GPIO2 on the deserializer is configured to be the output of
the divide-by-2 clock which is fed into the imager as its reference clock. In this case, the GPIO2 and GPIO3 on
the deserializer can only behave as outputs of the local register on the deserializer. The GPIO maximum
switching rate is up to 66 kHz when configured for communication between deserializer GPIO to serializer GPO.
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10.3.13 LVCMOS VDDIO Option

1.8-V, 2.8-V, and 3.3-V serializer inputs and 1.8-V and 3.3-V deserializer outputs are user configurable to provide
compatibility with 1.8-V, 2.8-V and 3.3-V system interfaces.

10.3.14 Deserializer — Adaptive Input Equalization (AEQ)

The receiver inputs provide an adaptive input equalization filter in order to compensate for loss from the media.
The level of equalization can also be manually selected through register controls. The fully-adaptive equalizer
output can be seen using the CMLOUTP/CMLOUTN pins in the deserializer.

18
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12

10 /

EQUALIZER GAIN (dB)
0]
N

4 /

1/

0
100 200 300 400 500 600 700

SERIAL LINE FREQUENCY (MHz)

Figure 35. Maximum Equalizer Gain vs. Line Frequency

10.3.15 EMI Reduction

10.3.15.1 Deserializer Staggered Output

The receiver staggers output switching to provide a random distribution of transitions within a defined window.
Outputs transitions are distributed randomly. This minimizes the number of outputs switching simultaneously and
helps to reduce supply noise. In addition it spreads the noise spectrum out reducing overall EMI.

10.3.15.2 Spread Spectrum Clock Generation (SSCG) on the Deserializer

The DS90UB914Q-Q1 parallel data and clock outputs have programmable SSCG ranges from 10 MHz to 100
MHz. The modulation rate and modulation frequency variation of output spread is controlled through the SSC
control registers on the DS90UB914Q-Q1 device. SSC profiles can be generated using bits [3:0] in register 0x02
in the deserializer.

10.4 Device Functional Modes

10.4.1 DS90UB91xQ-Q1 Operation With External Oscillator as Reference Clock

In some applications, the pixel clock that comes from the imager can have jitter which exceeds the tolerance of
the DS90UB91xQ-Q1 chipsets. In this case, the DS90UB913Q-Q1 device should be operated by using an
external clock source as the reference clock for the DS90UB91xQ-Q1 chipsets. This is the recommended
operating mode. The external oscillator clock output goes through a divide-by-2 circuit in the DS90UB9130Q-Q1
serializer and this divided clock output is used as the reference clock for the imager. The output data and pixel
clock from the imager are then fed into the DS90UB913Q-Q1 device. Figure 36 shows the operation of the
DS90UB1xQ-Q1 chipsets while using an external automotive grade oscillator.
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Device Functional Modes (continued)
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Figure 36. DS90UB91xQ-Q1 Operation in the External Oscillator Mode

When the DS90UB913Q-Q1 device is operated using an external oscillator, the GPO3 pin on the
DS90UB913Q-Q1 is the input pin for the external oscillator. In applications where the DS90UB913Q-Q1 device is
operated from an external oscillator, the divide-by-2 circuit in the DS90UB913Q-Q1 device feeds back the
divided clock output to the imager device through GPO2 pin. The pixel clock to external oscillator ratios needs to
be fixed for the 12-bit high-frequency mode and the 10-bit mode.

NOTE
In the 10-bit mode, the pixel clock frequency divided by the external oscillator frequency
must be 2. In the 12-bit high-frequency mode, the pixel clock frequency divided by the
external oscillator frequency must be 1.5.

For example, if the external oscillator frequency is 48 MHz in the 10-bit mode, the pixel clock frequency of the
imager needs to be twice of the external oscillator frequency, that is, 96 MHz. If the external oscillator frequency
is 48 MHz in the 12-bit high-frequency mode, the pixel clock frequency of the imager needs to be 1.5 times of the
external oscillator frequency, that is, 72 MHz. In this mode, GPO2 and GPO3 on the serializer cannot act as the
output of the input signal coming from GPIO2 or GPIO3 on the deserializer.

10.4.2 DS90UB91xQ-Q1 Operation With Pixel Clock from Imager as Reference Clock

The DS90UB91xQ-Q1 chipsets can be operated by using the pixel clock from the imager as the reference
clock.Figure 37 shows the operation of the DS90UB91xQ-Q1 chipsets using the pixel clock from the imager. If
the DS90UB913Q-Q1 device is operated using the pixel clock from the imager as the reference clock, then the
imager uses an external oscillator as its reference clock. There are 4 GPIOs on the serializer and 4 GPIOs on
the deserializer in this mode.
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Device Functional Modes (continued)

DS90UB914Q

DS90UB913Q Deserializer

1Camera Data} 1Camera Data}
L L

_____________ FPD-Link I Camera Data
10 0r 12 DOUT+ e RINO+ 100r12
L b L

/ » | ROUT[11:0] 7 >
Image YUV DIN[11:0] or 1 ! or YUV
Sensor P [DIN[9:0] ° | | ROUT[9:0] >
HSYNC FV.LV 1 I RV, LV HSYNC

y

> DouT- RINO- »
VSYNC S ) VSYNC
< »] SDA Bi-Directional beLK ~
«—22 3l Back Channel PixelClock 7]  ECU Module
ScL RIN1+
—H— yememeeccenncan .
< ‘t’ | GPO[3:0] GPIO[3:0] [« i’ > : :
GPO - GPIO HE. H
oL RIN1- son le + Microcontroller
Pixel Clock | PCLK - SDA o : :
N d - .
Camera Unit S DR

A

Ext.
Oscillator

Figure 37. DS90UB91xQ-Q1 Operation in PCLK mode

10.4.3 MODE Pin on Serializer

The mode pin on the serializer can be configured to select if the DS90UB913Q-Q1 device is to be operated from
the external oscillator or the PCLK from the imager. The pin must be pulled to Vpp (1.8 V, not Vppo) with a
10-kQ resistor and a pulldown resistor (Ryope) of the recommended value to set the modes shown in Figure 38.
The recommended maximum resistor tolerance is 1%.

1.8V
Vbpio 10k
MODE
RPU RPU RMODE
HOST DS90UB913Q
SCL > SCL
SDA <> SDA
> To other
3 Devices

Figure 38. MODE Pin Configuration on DS90UB913Q-Q1

Table 3. DS90UB913Q-Q1 Serializer MODE Resistor

Value
MODE SELECT Rwmope RESISTOR VALUE
PCLK from imager mode 100 kQ
External Oscillator mode 4.7 kQ
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10.4.4 MODE Pin on Deserializer

The mode pin on the deserializer can be used to configure the device to work in the 12-bit low-frequency mode,
12-bit high frequency mode or the 10-bit mode of operation. Internally, the DS90UB91xQ-Q1 chipset operates in
a divide-by-1 mode in the 12-bit low-frequency mode, divide-by-2 mode in the 10-bit mode and a divide-by-1.5
mode in the 12-bit high-frequency mode. The pin must be pulled to Vpp (1.8 V, not Vppo) with a 10-kQ resistor
and a pulldown resistor (Ryope) Of the recommended value to set the different modes in the deserializer as
mentioned in Table 4. The deserializer automatically configures the serializer to correct mode through the back-
channel. The recommended maximum resistor tolerance is 1%

1.8v

VbpIo 10k

MODE

RPU RPU RMODE
HOST DS90UB914Q
SCL SCL

A 4

SDA SDA

F 3
A 4

? To Other
3 Devices

Figure 39. Mode Pin Configuration on DS90UB914Q-Q1 Deserializer

Table 4. DS90UB9140Q-Q1 Deserializer MODE Resistor
Value

DS90UB9140Q-Q1 DESERIALIZER MODE RESISTOR VALUE

MODE SELECT Rmope RESISTOR VALUE
12-bit low-frequency mode
10 to 50 MHz PCLK 0Q

10 to 12 bit DATA + 2 SYNC
12-bit low-frequency mode

15 to 75 MHz PCLK 3kQ
10 to 12 bit DATA + 2 SYNC
10-bit mode
20 to 100 MHz PCLK 11 kQ

10 to 10 bit DATA + 2 SYNC
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10.4.5 Clock-Data Recovery Status Flag (LOCK), Output Enable (OEN) and Output State Select
(OSS_SEL)

When PDB is driven HIGH, the CDR PLL of the deserializer begins locking to the serial input and LOCK is TRI-
STATE or LOW (depending on the value of the OEN setting). After the DS90UB914Q-Q1 completes its lock
sequence to the input serial data, the LOCK output is driven HIGH, indicating valid data and clock recovered
from the serial input is available on the parallel bus and PCLK outputs. The states of the outputs are based on
the OEN and OSS_SEL setting (Table 3). See Figure 20.

Table 5. Output States

INPUTS OUTPUTS
SERIAI INPUTS PDB OEN 0SS LOCK PASS DATA, GPIO, 12S CLK
X 0 X X z z Z z
X 1 0 0 LorH L L L
X 1 0 1 LorH z Z z
Static 1 1 0 L L L L %istcér'f:ges)ter
Static 1 1 1 H Previous State L L
Active 1 1 0 H L L L
Active 1 1 1 H Valid Valid Valid

10.4.6 Multiple Device Addressing

Some applications require multiple camera devices with the same fixed address to be accessed on the same 1°C
bus. The DS90UB91xQ-Q1 provides slave ID matching/aliasing to generate different target slave addresses
when connecting more than two identical devices together on the same bus. This allows the slave devices to be
independently addressed. Each device connected to the bus is addressable through a unique ID by programming
of the SLAVE_ID_MATCH register on deserializer. This will remap the SLAVE_ID_MATCH address to the target
SLAVE_ID_INDEX address; up to 8 ID indexes are supported. The ECU Controller must keep track of the list of
I2C peripherals in order to properly address the target device.

See Figure 40 for an example of multiple device addressing.

« ECU is the I°C master and has an 1°C master interface

« The I°C interfaces in DES A and DES B are both slave interfaces

« The I2C protocol is bridged from DES A to SER A and from DES B to SER B
« The I°C interfaces in SER A and SER B are both master interfaces

If master controller transmits 1°C slave 0xA0, the DES A address OxCO will forward the transaction to remote
Camera A. If the controller transmits slave address 0xA4, the DES B 0xC2 will recognize that 0xA4 is mapped to
0xAO0 and will be transmitted to the remote Camera B. If controller sends command to address 0xA6, the DES B
0xC2 will forward transaction to slave device 0xAZ2.

The Slave ID index/match is supported only in the camera mode (SER: MODE pin = L; DES: MODE pin = H).
For Multiple device addressing in display mode (SER: MODE pin = H; DES: MODE pin = L), use the 1°C pass-
through function.
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Camera A
Slave ID: (0xA0) DS90UB913Q DS90UB914Q
IL
cmos | pinjizo) || _";XXX) " > ROUT[11:0],
Image |  ,HS, VS,_,_ L HS, VS,
Sensor PCLK m PCLK— |
F Y s - - .
DA —p- < DA
scL e 'C He SCL —
uC/ SER A: ID[x](0xBO) DES A: ID[](0XCO)
|EEPROM| SLAVE_ID1_MATCH(OXAO)
SLAVE_IDL_INDEX(OXAO) ECU
Slave ID: (0xA2) SLAVE_ID2_MATCH(0XA2) Module
Camera B SLAVE_ID2_INDEX(0xAZ2)
Slave ID: (OXAO) DS90UB913Q DS90UB914Q
IL
cMos DIN[11:0] H::XXX) ! ROUT[11:0],
Image [+ HS, VS, —> i HS, VS,
Sensor [ PCLK i Ig PCLK
J Y s - .
DA —P 2. e—soa N
scL re 'c He—scL iHC
uC/ SER B: ID[x](0xB2) DES B: ID[x](0xC2)
EEPROM SLAVE_ID2_MATCH(OXA4) Master

SLAVE_ID2_INDEX(0XAO)
SLAVE_ID2_MATCH(0XAB6)
SLAVE_ID2_INDEX(0xA2)

Slave ID: (0xA2)

Figure 40. Multiple Device Addressing

10.4.7 Powerdown

The SER has a PDB input pin to ENABLE or Powerdown (SLEEP) the device. The modes can be controlled by
the host and is used to disable the Link to save power when the remote device is not operational. In this mode, if
the PDB pin is tied High and the SER will enter SLEEP when the PCLK stops. When the PCLK starts again, the
SER will then lock to the valid input PCLK and transmit the data to the DES. In SLEEP mode, the high-speed
driver outputs are static (High). The DES has a PDB input pin to ENABLE or Powerdown (SLEEP) the device.
This pin can be controlled by the system and is used to disable the DES to save power. An auto mode is also
available. In this mode, the PDB pin is tied High and the DES will enter SLEEP when the serial stream stops.
When the serial stream starts up again, the DES will lock to the input stream and assert the LOCK pin and output
valid data. In SLEEP mode, the Data and PCLK outputs are set by the OSS_SEL configuration.

10.4.8 Pixel Clock Edge Select (TRFB / RRFB)

The TRFB/RRFB selects which edge of the Pixel Clock is used. For the SER, this register determines the edge
that the data is latched on. If TRFB register is 1, data is latched on the Rising edge of the PCLK. If TRFB register
is 0, data is latched on the Falling edge of the PCLK. For the DES, this register determines the edge that the
data is strobed on. If RRFB register is 1, data is strobed on the Rising edge of the PCLK. If RRFB register is 0,
data is strobed on the falling edge of the PCLK.

< X X

TRFB/RRFB: 0 TRFB/RRFB: 1

Figure 41. Programmable PCLK Strobe Select
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10.4.9 Power-Up Requirements and PDB Pin

When power is applied, the VDDIO supply needs to reach the expected operating voltage (1.8 V to 3.3 V) before
the other supplies (VDDn) begin to ramp. It is required to delay and release the PDB Signal after VDD (VDDn
and VDDIO) power supplies have settled to the recommended operating voltage. An external RC network can be
connected to the PDB pin to ensure PDB arrives after all the VDD has stabilized.

|
l
|
VDDIO ‘ 1.8V OR 3.3V
|
|
|
|
|
VDD_CORE, |
All other 1.8V Supplies |
1.8V OR 3.3V

|
1

|
PDB ! %

I
I
I
I
|
i
I
I
I
! 1.8V
I
I
I
I
I
I
I
I
I I
I I

Figure 42. Power-Up Sequencing

10.4.10 Built-In Self Test

An optional AT-Speed, Built-In Self Test (BIST) feature supports the testing of the high-speed serial link and low-
speed back channel. This is useful in the prototype stage, equipment production, and in-system test and also for
system diagnostics.

10.4.11 BIST Configuration and Status

The chipset can be programmed into BIST mode using either pins or registers. By default BIST configuration is
controlled through pins. BIST can be configured through registers using BIST Control register (0x24). Pin based
configuration is defined as follows:

» BISTEN : Enable the BIST Process
» GPIOO0 and GPIO1 : Defines the BIST clock source (PCLK vs. various frequencies of internal OSC

Table 6. BIST Configuration

DESERIALIZER GPIO[0:1] OSCILLATOR SOURCE BIST FREQUENCY (MHZ)
00 External PCLK PCLK or External Oscillator
01 Internal 50
10 Internal 25
11 Internal 12.5

The BIST mode provides various options for source PCLK. Using external pins, GPIO0 and GPIO1 or using
registers, customer can program the BIST mode to use external PCLK or various OSC frequencies. The BIST
status can be monitored real time on PASS pin. For every frame with error(s), PASS pin toggles low for half
PCLK period. If two consecutive frames have errors, PCLK will toggle twice to allow counting of frames with
errors. Once the BIST is done, the PASS pin reflects the pass/fail status of the last BIST run. The status can also
be read through I12C for the number of frames in errors. BIST status on PASS pin remains until it is changed by a
new BIST session or a reset. The BIST status on PASS pin is not maintained till RX loses LOCK after BISTEN is
deassserted. To evaluate BIST in the external oscillator mode, both external oscillator and PCLK need to be
present.

The BIST status on PASS pin is not maintained till RX loses LOCK after BISTEN is deassserted. So for all
practical purposes, the BIST status can be monitored from register 0x25, that is, BIST Error Count on the
DS90UB914Q-Q1 deserializer. To evaluate BIST in the external oscillator mode, both external oscillator and
PCLK need to be present.
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10.4.11.1 Sample BIST Sequence

Step 1. For the DS90UB91xQ-Q1 FPD-Link IIl chipset, BIST Mode is enabled through the BISTEN pin of
DS90UB914Q-Q1 FPD-Link Il deserializer. The desired clock source is selected through the GPIO0 and GPIO1
pins as shown in Table 4.

Step 2. The DS90UB913Q-Q1 serializer is woken up through the back channel if it is not already on. The SSO
pattern on the data pins is send through the FPD-Link Il to the deserializer. Once the serializer and deserializer
are in the BIST mode and the deserializer acquires Lock, the PASS pin of the deserializer goes high and BIST
starts checking data stream. If an error in the payload is detected the PASS pin will switch low for one half of the
clock period. During the BIST test, the PASS output can be monitored and counted to determine the payload
error rate.

Step 3. To stop the BIST mode, the deserializer BISTEN pin is set low. The deserializer stops checking the data.
The final test result is not maintained on the PASS pin. To monitor the BIST status, check the BIST Error Count
register, 0x25 on the deserializer.

Step 4. The link returns to normal operation after the deserailzer BISTEN pin is low. Figure 44 shows the
waveform diagram of a typical BIST test for two cases. Case 1 is error free, and Case 2 shows one with multiple
errors. In most cases, it is difficult to generate errors due to the robustness of the link (differential data
transmission, and so forth), thus they may be introduced by greatly extending the cable length, faulting the
interconnect, or by reducing signal condition enhancements (RX equalization).

Step 1: DES in BIST

Step 2: Wait, SER in BIST

Step 3: DES in Normal
Mode - check PASS

Step 4: DES/SER in Normal

Figure 43. AT-Speed BIST System Flow Diagram

BISTEN
(DES)
LOCK g
3
PCLK 0
RFBoD) Uiy w4
HS, VS N R
&
DATA &
ey L L L L LT T OO T TP T T PT T LT PRI 0] i
PASS Prior Result PASS g
X = bit error(s)
om L L LT LTI T TP TPIX] PIT O PRI T I TETTITTT](E
PASS Prior Result LI u LI FAIL %
o
Normal BIST Test IEefJIt Normal
- BIST Duraton ————— | Held
Figure 44. BIST Timing Diagram
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10.5 Register Maps

Table 7. DS90UB913Q-Q1 Control Registers

ADDR
(HEX)

NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

0x00

I2C Device ID

7:1

DEVICE ID

SER ID SEL

RW

0x58'h

7-bit address of serializer; 0x58'h
(0101_1000X'b) default

0: Device ID is from ID[x]
1: Register I2C Device ID overrides ID[x]

0x01

Power and Reset

RSVD

Reserved

RDS

RW

Digital Output Drive Strength
1: High Drive Strength
0: Low Drive Strength

VDDIO Control

RW

Auto Voltage Control
1: Enable
0: Disable

VDDIO MODE

RW

VppioVoltage set
0: 1.8V
1: 3.3V

ANAPWDN

RW

This register can be set only through local 1°C access
1: Analog power-down : Powers Down the analog block
in the serializer

0: No effect

RSVD

RW

Reserved

DIGITAL
RESET1

RW

1: Resets the digital block except for register values
values. Does not affect device I1°C Bus or Device ID.
This bit is self-clearing.

0: Normal Operation

DIGITAL RESETO

RW

1: Digital Reset, resets the entire digital block including
all register values.This bit is self-clearing.
0: Normal Operation.

0x02

RESERVED

0x03

General
Configuration

RX CRC Checker
Enable

RW

Back-channel CRC Checker Enable
1:Enabled
0:Disabled

TX Parity Generator
Enable

RW

Forward channel Parity Generator Enable
1: Enable
0: Disable

CRC Error Reset

RW

Clear CRC Error Counters.
This bit is NOT self-clearing.
1: Clear Counters

0: Normal Operation

I°C Remote Write
Auto Acknowledge

RW

Automatically Acknowledge 1°C Remote Write

The mode works when the system is LOCKed.

1: Enable: When enabled, I°C writes to the deserializer
(or any remote I°C Slave, if I°C PASS ALL is enabled)
are immediately acknowledged without waiting for the
deserializer to acknowledge the write. The accesses are
then re-mapped to address specified in 0x06.

0: Disable

I2C Pass All

RW

1: Enable Forward Control Channel pass-through of all
I°C accesses to I12C Slave IDs that do not match the
Serializer 1°C Slave ID. The I°C accesses are then
remapped to address specified in register 0x06.

0: Enable Forward Control Channel pass-through only of
I°C accesses to I°C Slave IDs matching either the
remote Deserializer Slave ID or the remote Slave ID.

I°C PASSTHROUGH

RW

I°C Pass-Through Mode
0: Pass-Through Disabled
1: Pass-Through Enabled
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Register Maps (continued)
Table 7. DS90UB913Q-Q1 Control Registers (continued)

ADDR
(HEX)

NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

0x03

General
Configuration

OV_CLK2PLL

RW

1:Enabled : When enabled this registers overrides the
clock to PLL mode (External Oscillator mode or Direct
PCLK mode) defined through MODE pin and allows
selection through register 0x35 in the serializer

0: Disabled : When disabled, Clock to PLL mode
(External Oscillator mode or Direct PCLK mode) is
defined through MODE pin on the serializer.

TRFB

RW

Pixel Clock Edge Select

1: Parallel Interface Data is strobed on the Rising Clock
Edge.

0: Parallel Interface Data is strobed on the Falling Clock
Edge.

0x04

RESERVED

0x05

Mode Select

RSVD

RW

0

Reserved

RSVD

RW

0

Reserved.

MODE_OVERRIDE

RW

Allows overriding mode select bits coming from back-
channel

1: Overrides MODE select bits

0: Does not override MODE select bits

MODE_UP To DATE

Indicates that the status of mode select from deserializer
is up to date

Pin_MODE_12-bit
High Frequency

1: 12-bit high-frequency mode is selected.
0: 12-bit high-frequency mode is not selected.

Pin_MODE_10-bit
mode

1: 10-bit mode is selected.
0: 10-bit mode is not selected.

1.0

RSVD

Reserved

0x06

DES ID

71

Desializer Device ID

RW

0x00

7-bit Deserializer Device ID configures the 1°C Slave ID
of the remote deserializer. A value of 0 in this field
disables I°C access to the remote deserializer. This field
is automatically configured by the Bidirectional Control
Channel once RX Lock has been detected. Software
may overwrite this value, but should also assert the
FREEZE DEVICE ID bit to prevent overwriting by the
Bidirectional Control Channel.

Freeze Device ID

RW

1: Prevents auto-loading of the Deserializer Device ID by
the bidirectional control channel. The ID will be frozen at
the value written.

0: Update

0x07

DESAlias

7:1

Deserializer ALIAS ID

RW

7-bit Remote Deserializer Device Alias ID Configures the
decoder for detecting transactions designated for an 1°C
deserializer device. The transaction will be remapped to
the address specified in the DES ID register.

A value of 0 in this field disables access to the remote
I°C Slave.

RSVD

Reserved

0x08

SlavelD

7:1

SLAVE ID

RW

0x00

7-bit Remote Slave Device ID Configures the physical
I°C address of the remote I°C Slave device attached to
the remote deserializer. If an I12C transaction is
addressed to the Slave Alias ID, the transaction will be
remapped to this address before passing the transaction
across the Bidirectional Control Channel to the
deserializer. A value of 0 in this field disables access to
the remote I1°C slave.

RSVD

Reserved
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Register Maps (continued)
Table 7. DS90UB913Q-Q1 Control Registers (continued)

ADDR
(HEX)

NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

0x09

SlaveAlias

7:1

SLAVE ALIAS ID

RW

0x00

7-bit Remote Slave Device Alias ID Configures the
decoder for detecting transactions designated for an 1°C
Slave device attached to the remote deserializer. The
transaction will be remapped to the address specified in
the Slave ID register. A value of 0 in this field disables
access to the remote 12C Slave.

RSVD

Reserved

Ox0A

CRC Errors

7:0

CRC Error Byte 0

Number of back-channel CRC errors during normal
operation. Least Significant byte

0x0B

CRC Errors

7:0

CRC Error Byte 1

Number of back-channel CRC errors during normal
operation. Most Significant byte

0x0C

General Status

75

Rev-ID

Revision ID
0x00: Production

RX Lock Detect

: RX LOCKED
: RX not LOCKED

BIST CRC Error
Status

: CRC errors in BIST mode
No CRC errors in BIST mode

PCLK Detect

: Valid PCLK detected
: Valid PCLK not detected

or|lor|or

DES Error

1: CRC error is detected during communication with
deserializer.

This bit is cleared upon loss of link or assertion of CRC
ERROR RESET in register 0x04.

0: No effect

LINK Detect

1: Cable link detected

0: Cable link not detected

This includes any of the following faults
— Cable Open

— + and - shorted

— Short to GND

— Short to battery

0x0D

GPOI[0]
and GPO[1]
Configuration

GPO1 Output Value

RW

Local GPIO Output Value This value is output on the
GPIO pin when the GPIO function is enabled, the local
GPIO direction is Output, and remote GPIO control is
disabled.

GPO1 Remote
Enable

RW

Remote GPIO Control

1: Enable GPIO control from remote deserializer. The
GPIO pin needs to be an output, and the value is
received from the remote deserializer.

0: Disable GPIO control from remote deserializer.

GPOLl Direction

RW

1: Input
0: Output

GPOO Enable

RW

1: GPIO enable
0: Tri-state

GPOO Output Value

RW

Local GPIO Output Value This value is output on the
GPIO pin when the GPIO function is enabled, the local
GPIO direction is Output, and remote GPIO control is
disabled.

GPOO0 Remote
Enable

RW

Remote GPIO Control

1: Enable GPIO control from remote deserializer. The
GPIO pin needs to be an output, and the value is
received from the remote deserializer.

0: Disable GPIO control from remote deserializer.

GPOO Direction

RW

1: Input
0: Output

GPOO0 Enable

RW

1: GPIO enable
0: Tri-state

Copyright © 2012-2015, Texas Instruments Incorporated
Product Folder Links: DS90UB913Q-Q1 DS90UB914Q-Q1

Submit Documentation Feedback 43




DS90UB913Q-Q1, DS90UB9140Q-Q1
SNLS420D —JULY 2012—REVISED JULY 2015

13 TEXAS
INSTRUMENTS

www.ti.com

Register Maps (continued)
Table 7. DS90UB913Q-Q1 Control Registers (continued)

ADDR

(HEX) NAME BITS FIELD R/W | DEFAULT DESCRIPTION
Local GPIO Output Value This value is output on the
GPIO pin when the GPIO function is enabled, the local
! GPO3 Output Value RW 0 GPIO direction is Output, and remote GPIO control is
disabled.
Remote GPIO Control
1: Enable GPIO control from remote deserializer. The
6 GPO3 Remote RW 0 GPIO pin needs to be an output, and the value is
Enable : i~
received from the remote deserializer.
0: Disable GPIO control from remote deserializer.
- 1: Input
5 GPO3 Direction RW 1 0: Output
1: GPIO enable
GPO[2] 4 GPO3 Enable RW 1 0: Tri-state
OxO0E and GPO[3] - -
Configuration Local GPIO Output Value This value is output on the
GPIO pin when the GPIO function is enabled, the local
3 GPO2 Output Value RW 0 GPIO direction is Output, and remote GPIO control is
disabled.
Remote GPIO Control
GPO2 Remote 1: Enable GPIO control from remote deserializer. The
2 RW 1 GPIO pin needs to be an output, and the value is
Enable - P
received from the remote deserializer.
0: Disable GPIO control from remote deserializer.
. . 1: Input
1 GPO2 Direction RW 0 0: Output
0 |GPO2 Enable RW 1| L GPIO enable
0: Tri-state
7:5 |RSVD Reserved
SDA Output Delay This field configures output delay on
the SDA output. Setting this value will increase output
delay in units of 50 ns. Nominal output delay values for
. SCL to SDA are:
4:3 | SDA Output Delay RW 00 00 : 350 ns
01: 400 ns
10: 450 ns
11: 500 ns
Disable Remote Writes to Local Registers Setting this bit
to a 1 will prevent remote writes to local device registers
2 Local Write Disable RW 0 from across the (_:ontrol chamnel.2 This prevents writes to
the serializer registers from an |°C master attached to
OXOF | 12C Master Config the deserlazllzer. Setting this blt_ dpes not affect remote
access to 1°C slaves at the serializer.
Speed up 1°C Bus Watchdog Timer
12C Bus Timer 1:_Watchdog Timer expires after approximately 50
1 Speed up RW 0 microseconds
P 0: Watchdog Timer expires after approximately 1
second.
1. Disable I>°C Bus Watchdog Timer When the I1°C
Watchdog Timer may be used to detect when the 1°C
bus is free or hung up following an invalid termination of
0 I°C Bus Timer RW 0 a transaction. If SDA is high and no signaling occurs for
Disable approximately 1 second, the 1°C bus will assumed to be
free. If SDA is low and no signaling occurs, the device
will attempt to clear the bus by driving 9 clocks on SCL
0: No effect
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Register Maps (continued)

Table 7. DS90UB913Q-Q1 Control Registers (continued)

ADDR
(HEX)

NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

0x10

1°C Control

7

RSVD

Reserved

6:4

SDA Hold Time

RW

Ox1

Internal SDA Hold Time. This field configures the amount
of internal hold time provided for the SDA input relative
to the SCL input. Units are 50 ns.

3.0

I°C Filter Depth

RW

ox7

1°C Glitch Filter Depth This field configures the maximum
width of glitch pulses on the SCL and SDA inputs that
will be rejected. Units are 10 ns.

Ox11

SCL High Time

7:0

SCL High Time

RW

0x82

I°C Master SCL High Time This field configures the high
pulse width of the SCL output when the serializer is the
Master on the local I°C bus. Units are 50 ns for the
nominal oscillator clock frequency. The default value is
set to provide a minimum (4us + 1ps of rise time for
cases where rise time is very fast) SCL high time with
the internal oscillator clock running at 26MHz rather than
the nominal 20 MHz.

0x12

SCL LOW Time

7:0

SCL Low Time

RW

0x82

I°C SCL Low Time This field configures the low pulse
width of the SCL output when the serializer is the Master
on the local I2C bus. This value is also used as the SDA
setup time by the I2C Slave for providing data prior to
releasing SCL during accesses over the Bidirectional
Control Channel. Units are 50 ns for the nominal
oscillator clock frequency. The default value is set to
provide a minimum (4.7 us + 0.3 ps of fall time for cases
where fall time is very fast) SCL low time with the
internal oscillator clock running at 26 MHz rather than
the nominal 20 MHz.

0x13

General-Purpose
Control

7:0

GPCRI[7:0]

RW

1: High
0: Low

0x14

BIST Control

7:3

RSVD

Reserved

2:1

Clock Source

RW

0x0

Allows choosing different OSC clock frequencies for
forward channel frame.

OSC Clock Frequency in Functional Mode when OSC
mode is selected or when the selected clock source is
not present, for example, missing PCLK/ External
Oscillator. See Table 9 for oscillator clock frequencies
when PCLK/ External Clock is missing.

BIST Enable

RW

BIST Control:
1: Enable BIST mode
0: Disable BIST mode

0x15 -
0x1D

RESERVED

Ox1E

BCC Watchdog
Control

7:1

BCC Watchdog Timer

RW

OX7F

The watchdog timer allows termination of a control
channel transaction if it fails to complete within a
programmed amount of time. This field sets the
Bidirectional Control Channel Watchdog Timeout value
in units of 2ms. This field should not be set to 0.

BCC Watchdog Timer
Disable

RW

Disable Bidirectional Control Channel Watchdog Timer
1: Disables BCC Watchdog Timer operation
0: Enables BCC Watchdog Timer operation

Ox1F-
0x29

RESERVED

Ox2A

CRC Errors

7:0

BIST Mode CRC
Errors Count

Number of CRC Errors in the back channel when in
BIST mode
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Register Maps (continued)

Table 7. DS90UB913Q-Q1 Control Registers (continued)

?I—?EDS NAME BITS FIELD R/W | DEFAULT DESCRIPTION
0x2B -
Ox34 RESERVED
7:4 |RSVD Reserved
Status of mode select pin
1: Indicates External Oscillator mode is selected by
3 El(’:l&hglc(;(stc?llator RW 0 mode-resistor
0: External Oscillator mode is not selected by mode-
resistor
PLL Clock Status of mode select pin
0x35 Overwrite 2 Cp)[s’\(l:ﬂ:;l(t)o?K to RW 0 1: Indicates PCLK mode is selected by mode-resistor
0: PCLK mode not selected by mode-resistor
Affects only when 0x03[1]=1 (OV_CLK2PLL) and
1 LOCK to External RW 0 0x35[0]=0.
Oscillator 1: Routes GPO3 directly to PLL
0: Allows PLL to lock to PCLK"
0 RSVD Reserved
Table 8. DS90UB914Q-Q1 Control Registers
ADDR
(HEX) NAME BITS FIELD RIW DEFAULT DESCRIPTION
71 | DEVICE ID RW 0x60'h 7-bit address of deserializer;
0x60h
0x00 I°C Device ID - 0: Deserializer Device ID is set using address
Deserializer ID :
0 Select RW coming from CAD
1: Register I°C Device ID overrides ID[x]
76 |RSVD Reserved
This register can be set only through local I1°C
access
5 ANAPWDN RW 1: Analog power-down : Powers down the
analog block in the serializer
0: No effect
4:2 | RSVD Reserved
0x01 Reset Digital Reset Resets the entire digital block
1 Digital Reset 1 RW e?<cept registers. This bit is self-clearing.
1: Reset
0: No effect
Digital Reset Resets the entire digital block
- including registers. This bit is self-clearing.
0 Digital Reset 0 RwW 1: Reset
0: No effect
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

ADDR
(HEX)

NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

0x02

General
Configuration 0

RSVD

Reserved

RSVD

Reserved

Auto-Clock

RW

1: Output PCLK or OSC clock when not
LOCKED
0: Only PCLK

SSCG LFMODE

RW

1: Selects 8x mode for 10-18 MHz frequency
range in SSCG
0: SSCG running at 4X mode

3.0

SSCG

RW

SSCG Select

0000: Normal Operation, SSCG OFF

0001: fmod (kHz) PCLK/2168, fdev +0.50%
0010: fmod (kHz) PCLK/2168, fdev +1.00%
0011: fmod (kHz) PCLK/2168, fdev +1.50%
0100: fmod (kHz) PCLK/2168, fdev +2.00%
0101: fmod (kHz) PCLK/1300, fdev +0.50%
0110: fmod (kHz) PCLK/1300, fdev +1.00%
0111: fmod (kHz) PCLK/1300, fdev +1.50%
1000: fmod (kHz) PCLK/1300, fdev +2.00%
1001: fmod (kHz) PCLK/868, fdev +0.50%
1010: fmod (kHz) PCLK/868, fdev +1.00%
1011: fmod (kHz) PCLK/868, fdev +1.50%
1100: fmod (kHz) PCLK/868, fdev +2.00%
1101: fmod (kHz) PCLK/650, fdev +0.50%
1110: fmod (kHz) PCLK/650, fdev +1.00%
1111: fmod (kHz) PCLK/650, fdev +1.50%
Note: This register should be changed only
after disabling SSCG.

0x03

General
Configuration 1

RX Parity Checker
Enable

RW

Forward-Channel Parity Checker Enable
1. Enable
0: Disable

TX CRC Checker
Enable

RW

Back-Channel CRC Generator Enable
1: Enable
0: Disable

VDDIO Control

RW

Auto voltage control
1: Enable (auto-detect mode)
0: Disable

VDDIO Mode

RW

VDDIO voltage set
1:33V
0:1.8V

0x03

General
Configuration 1

I°C Passthrough

RW

I2C Pass-Through Mode
1: Pass-Through Enabled
0: Pass-Through Disabled

AUTO ACK

RW

Automatically Acknowledge 1°C Remote Write
When enabled, I°C writes to the deserializer (or
any remote I12C Slave, if 1°C PASS ALL is
enabled) are immediately acknowledged
without waiting for the deserializer to
acknowledge the write. The accesses are then
remapped to address specified in 0x06. This
allows 1°C bus without LOCK.

1: Enable

0: Disable

Parity Error Reset

RW

Parity Error Reset, This bit is self-clearing.
1: Parity Error Reset
0: No effect

RRFB

RW

Pixel Clock Edge Select

1: Parallel Interface Data is strobed on the
Rising Clock Edge.

0: Parallel Interface Data is strobed on the
Falling Clock Edge.
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

?ﬁgg NAME BITS FIELD RIW DEFAULT DESCRIPTION
Equalization gain
EQ level - when iy
AEQ bypass is 0x01 =~4.5dB
0x04 EQ Feature 7:0 | enabled EQ setting RW 0x00 D08 ==6.508
Control 1 is provided by this 0x07 = ~7.5 dB
. pister Y OXOF = ~8.0 dB
9 Ox1F = ~11.0 dB
0x3F =~12.5 dB
0x05 RESERVED
7:1 | Remote ID RW 0x0C Remote Serializer ID
0x06 SER ID Freeze Serializer Device ID Prevent auto-
X . loading of the serializer Device ID from the
0 Freeze Device ID RW 0 Forward Channel. The ID will be frozen at the
value written.
7:1 7-bit Remote Serializer Device Alias ID
Configures the decoder for detecting
transactions designated for an 12C deserializer
. Serializer Alias ID RW 0x00 device. The transaction will be remapped to the
0x07 SER Alias address specified in the SER ID register. A
value of 0 in this field disables access to the
remote I12C Slave.
0 RSVD Reserved
7-bit Remote Slave Device ID 0 Configures the
physical 1°C address of the remote I°C Slave
dzevice attached to the remote serializer. If an
. I1“C transaction is addressed to the Slave Alias
0x08 Slave ID[0] 7:1 | Slave IDO RW 0 IDO, the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.
0 RSVD Reserved
7-bit Remote Slave Device ID 1 Configures the
physical I°C address of the remote I°C Slave
dzevice attached to the remote serializer. If an
7.1 | Slave ID1 RW 0 I-C transaction is addr_essed to the Slave A_Ilas
0x09 Slave ID[1] ID1, the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.
0 RSVD Reserved
7-bit Remote Slave Device ID 2 Configures the
physical 1°C address of the remote I1°C Slave
dzevice attached to the remote serializer. If an
. I1“C transaction is addressed to the Slave Alias
OX0A Slave ID[2] 7:1 | Slave ID2 RW 0x00 ID2, the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.
0 RSVD Reserved
7-bit Remote Slave Device ID 3 Configures the
physical I°C address of the remote I°C Slave
dzevice attached to the remote serializer. If an
7.1 | Slave ID3 RW 0 I-C transaction is addr_essed to the Slave A_Ilas
0x0B Slave ID[3] ID3, the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.
0 RSVD Reserved
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

ADDR
(HEX)

NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

0x0C

Slave ID[4]

71

Slave ID4

RW

7-bit Remote Slave Device ID 4 Configures the
physical 1°C address of the remote I°C Slave
device attached to the remote serializer. If an
I2C transaction is addressed to the Slave Alias
ID4, the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.

RSVD

Reserved

0x0D

Slave ID[5]

7:1

Slave ID5

RW

0x00

7-bit Remote Slave Device ID 5 Configures the
physical I°C address of the remote I°C Slave
device attached to the remote serializer. If an
I2C transaction is addressed to the Slave Alias
ID5 , the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.

RSVD

Reserved

Ox0E

Slave ID[6]

71

Slave ID6

RW

7-bit Remote Slave Device ID 6 Configures the
physical 1°C address of the remote I1°C Slave
device attached to the remote serializer. If an
I2C transaction is addressed to the Slave Alias
ID6, the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.

RSVD

Reserved

Ox0F

Slave ID[7]

7:1

Slave ID7

RW

0x00

7-bit Remote Slave Device ID 7 Configures the
physical I°C address of the remote I°C Slave
device attached to the remote serializer. If an
I2C transaction is addressed to the Slave Alias
ID7, the transaction will be remapped to this
address before passing the transaction across
the Bidirectional Control Channel to the
serializer.

RSVD

Reserved

0x10

Slave Alias[0]

71

Slave Alias IDO

RW

0x00

7-bit Remote Slave Device Alias ID 0
Configures the decoder for detecting
transactions designated for an 1C Slave device
attached to the remote serializer. The
transaction will be remapped to the address
specified in the Slave IDO register. A value of 0
in this field disables access to the remote 1°C
Slave.

RSVD

Reserved

Ox11

Slave Alias[1]

7:1

Slave Alias ID1

RW

0x00

7-bit Remote Slave Device Alias ID 1
Configures the decoder for detecting
transactions designated for an 12C Slave device
attached to the remote serializer. The
transaction will be remapped to the address
specified in the Slave ID1 register. A value of 0
in this field disables access to the remote 1°C
Slave.

RSVD

Reserved
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

?ﬁgg NAME BITS FIELD RIW DEFAULT DESCRIPTION
7-bit Remote Slave Device Alias ID 2
Configures the decoder for detecting
transactions designated for an 1C Slave device
. . attached to the remote serializer. The
0x12 Slave Alias[2] 7:1 | Slave Alias ID2 RW 0x00 transaction will be remapped to the address
specified in the Slave ID2 register. A value of 0
in this field disables access to the remote 1°C
Slave.
0 RSVD Reserved
7-bit Remote Slave Device Alias ID 3
Configures the decoder for detecting
transactions designated for an 12C Slave device
711 | Slave Alias ID3 RW 0X00 attached to the remote serializer. The
0x13 Slave Alias[3] ' transaction will be remapped to the address
specified in the Slave ID3 register. A value of 0
in this field disables access to the remote 1°C
Slave.
0 RSVD Reserved
7-bit Remote Slave Device Alias ID 4
Configures the decoder for detecting
transactions designated for an 1C Slave device
. . attached to the remote serializer. The
0x14 Slave Alias[4] 7:1 | Slave Alias ID4 RW 0x00 transaction will be remapped to the address
specified in the Slave 1D4 register. A value of 0
in this field disables access to the remote 1°C
Slave.
0 RSVD Reserved
7-bit Remote Slave Device Alias ID 5
Configures the decoder for detecting
transactions designated for an 12C Slave device
711 | Slave Alias ID5 RW 0x00 attached to the remote serializer. The
0x15 Slave Alias[5] ' transaction will be remapped to the address
specified in the Slave ID5 register. A value of 0
in this field disables access to the remote 1°C
Slave.
0 RSVD Reserved
7-bit Remote Slave Device Alias ID 6
Configures the decoder for detecting
transactions designated for an 1C Slave device
. . attached to the remote serializer. The
0x16 Slave Alias[6] 7:1 | Slave Alias ID6 RW 0x00 transaction will be remapped to the address
specified in the Slave ID6 register. A value of 0
in this field disables access to the remote 1°C
Slave.
0 RSVD Reserved
7-bit Remote Slave Device Alias ID 7
Configures the decoder for detecting
transactions designated for an I1°C Slave device
711 | Slave Alias ID7 RW 0x00 attached to the remote serializer. The
ox17 Slave Alias[7] ' transaction will be remapped to the address
specified in the Slave ID7 register. A value of 0
in this field disables access to the remote 1°C
Slave.
0 RSVD Reserved
Parity errors threshold on the Forward channel
Parity Errors Parity Error during normal information. This sets the
0x18 Thr)e/shold 7:0 Threghold Bvte 0 RW 0 maximum number of parity errors that can be
Y counted using register Ox1A.
Least significant Byte.
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

ADDR

(HEX) NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

Parity Errors

0x19 Threshold

7:0

Parity Error
Threshold Byte 1

RW

Parity errors threshold on the Forward channel
during normal operation. This sets the
maximum number of parity errors that can be
counted using register Ox1B.

Most significant Byte

Ox1A Parity Errors

7:0

Parity Error Byte O

RW

Number of parity errors in the Forward channel
during normal operation.
Least significant Byte

0x1B Parity Errors

7:0

Parity Error Byte 1

RW

Number of parity errors in the Forward channel
during normal operation
Most significant Byte

0x1C General Status

74

Rev-ID

Revision ID
0x0000: Production

RSVD

Reserved

Parity Error

Parity Error detected
1: Parity Errors detected
0: No Parity Errors

Signal Detect

1: Serial input detected
0: Serial input not detected

Lock

Deserializer CDR, PLL's clock to recovered
clock frequency

1: Deserializer locked to recovered clock
0: Deserializer not locked

GPIO[1] and

0D | Gpiojo] Config

GPIO1 Output Vaue

RW

Local GPIO Output Value This value is the
output on the GPIO pin when the GPIO function
is enabled, the local GPIO direction is Output.

RSVD

Reserved

GPIOL1 Direction

RW

Local GPIO Direction
1: Input
0: Output

GPIO1 Enable

RW

GPIO Function Enable
1: Enable GPIO operation
0: Enable normal operation

GPIO0 Output Value

RW

Local GPIO Output Value This value is output
on the GPIO pin when the GPIO function is
enabled, the local GPIO direction is Output.

GPIO[1] and

01D | Gpiojo] Config

RSVD

Reserved

GPIOO0 Direction

RW

Local GPIO Direction
1: Input
0: Output

GPIOO0 Enable

RW

GPIO Function Enable
1: Enable GPIO operation
0: Enable normal operation
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

ADDR
(HEX)

NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

Ox1E

GPIO[3] and
GPIO[2] Config

GPIO3 Output Vaue

RW

Local GPIO Output Value This value is the
output on the GPIO pin when the GPIO function
is enabled, the local GPIO direction is Output.

RSVD

Reserved

GPIO3 Direction

RW

Local GPIO Direction
1: Input
0: Output

GPIO3 Enable

RW

GPIO Function Enable
1: Enable GPIO operation
0: Enable normal operation

GPIO2 Qutput Value

RW

Local GPIO Output Value This value is output
on the GPIO pin when the GPIO function is
enabled, the local GPIO direction is Output.

RSVD

Reserved

GPIO2 Direction

RW

Local GPIO Direction
1: Input
0: Output

GPIO2 Enable

RW

GPIO Function Enable
1: Enable GPIO operation
0: Enable normal operation

Ox1F

Mode and OSS
Select

OEN_OSS Override

RW

Allows overriding OEN and OSS select coming
from Pins

1: Overrides OEN/OSS_SEL selected by pins
0: Does NOT override OEN/OSS_SEL select
by pins

OEN Select

RW

OEN configuration from register

OSS Select

OSS_SEL configuration from register

MODE_OVERRIDE

RW

Allows overriding mode select bits coming from
back-channel

1: Overrides MODE select bits

0: Does not override MODE select bits

PIN_MODE_12-bit
HF mode

Status of mode select pin

PIN_MODE_10-bit
mode

Status of mode select pin

MODE_12-bit High
Frequency

RW

Selects 12-bit high-frequency mode. This bit is
automatically updated by the mode settings
from RX unless MODE_OVERRIDE is SET

1: 12-bit high-frequency mode is selected.

0: 12-bit high-frequency mode is not selected.

MODE_10-bit mode

RW

Selects 10-bit mode. This bit is automatically
updated by the mode settings from RX unless
MODE_OVERRIDE is SET

1: Enables 10-bit mode.

0: Disables 10-bit mode.

0x20

BCC Watchdog
Control

71

BCC Watchdog
timer

RW

The watchdog timer allows termination of a
control channel transaction if it fails to complete
within a programmed amount of time. This field
sets the Bidirectional Control Channel
Watchdog Timeout value in units of 2ms. This
field should not be set to 0.

BCC Watchdog
Timer Disable

RW

Disable Bidirectional Control Channel
Watchdog Timer

1: Disables BCC Watchdog Timer operation
0: Enables BCC Watchdog Timer operation
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

ADDR

(HEX) NAME

BITS

FIELD

R/IW

DEFAULT

DESCRIPTION

0x21 I2C Control 1

12C pass-through all

RW

I2C Pass-Through All Transactions
0: Disabled
1: Enabled

6:4

1C SDA Hold

RW

Internal SDA Hold Time This field configures
the amount of internal hold time provided for
the SDA input relative to the SCL input. Units
are 50ns.

3.0

I2C Filter Depth

RW

I2C Glitch Filter Depth This field configures the
maximum width of glitch pulses on the SCL and
SDA inputs that will be rejected. Units are 10ns.

0x22 I2C Control 2

Forward Channel
Sequence Error

Control Channel Sequence Error Detected This
bit indicates a sequence error has been
detected in forward control channel.

1: If this bit is set, an error may have occurred
in the control channel operation

0: No forward channel errors have been
detected on the control channel

Clear Sequence
Error

RW

Clears the Sequence Error Detect bit

RSVD

Reserved

4:3

SDA Output Delay

RW

SDA Output Delay This field configures output
delay on the SDA output. Setting this value will
increase output delay in units of 50 ns. Nominal
output delay values for SCL to SDA are:

00 : 350ns

01: 400ns

10: 450ns

11: 500ns

Local Write Disable

RW

Disable Remote Writes to local registers
Setting this bit to a 1 will prevent remote writes
to local device registers from across the control
channel. This prevents writes to the deserializer
registers from an 1°C master attached to the
serializer. Setting this bit does not affect remote
access to I°C slaves at the deserializer.

12C Bus Timer
Speed up

RW

Speed up 1°C Bus Watchdog Timer

1: Watchdog Timer expires after approximately
50 ps

0: Watchdog Timer expires after approximately
1s.

12C Bus Timer
Disable

RW

Disable 1°C Bus Watchdog Timer When the I1°C
Watchdog Timer may be used to detect when
the 12C bus is free or hung up following an
invalid termination of a transaction. If SDA is
high and no signaling occurs for approximately
1 second, the 1°C bus will assumed to be free.
If SDA is low and no signaling occurs, the
device will attempt to clear the bus by driving 9
clocks on SCL

General-Purpose

0x23 Control

7:0

GPCR

RW

Scratch Register

0x24 BIST Control

74

RSVD

Reserved

BIST Pin
Configuration

RW

Bist Configured through Pin.

1: Bist configured through pin.

0: Bist configured through register bit
"reg_24[0]"

2:1

BIST Clock Source

RW

00

BIST Clock Source
See Table 10

BIST Enable

RW

BIST Control
1: Enabled
0: Disabled
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Table 8. DS90UB914Q-Q1 Control Registers (continued)

ADDR
(HEX)

NAME

BITS

FIELD

R/IW DEFAULT

DESCRIPTION

0x25

Parity Error Count

7:0

BIST Error Count

R 0

Number of Forward channel Parity errors in the
BIST mode.

0x26 -
0x3B

RESERVED

0x3C

Oscillator output
divider select

7:2

RSVD

Reserved

1.0

OSC OUT DIVIDER
SEL

RW 0

Selects the divider for the OSC clock out on
PCLK when system is not locked and selected
by OEN/OSSSEL 0x02[5]

00: 50M (+ 30%)

01: 25M (x 30%)

1X: 12.5M ( 30%)

0x3D -
O0x3E

RESERVED

Ox3F

CML Output
Enable

75

RSVD

Reserved

CML OUT Enable

RW 1

0: CML Loop-through Driver is powered up
1: CML Loop-through Driver is powered down.

3.0

RSVD

Reserved

0x40

SCL High Time

7:0

SCL High Time

RW 0x82

I2C Master SCL High Time This field configures
the high pulse width of the SCL output when
the deserializer is the Master on the local I1°C
bus. Units are 50 ns for the nominal oscillator
clock frequency. The default value is set to
provide a minimum (4us + 0.3ps of rise time for
cases where rise time is very fast) SCL high
time with the internal oscillator clock running at
26MHz rather than the nominal 20MHz.

0x41

SCL Low Time

7:0

SCL Low Time

RW 0x82

I2C SCL Low Time This field configures the low
pulse width of the SCL output when the
deserializer is the Master on the local I°C bus.
This value is also used as the SDA setup time
by the I2C Slave for providing data prior to
releasing SCL during accesses over the
Bidirectional Control Channel. Units are 50 ns
for the nominal oscillator clock frequency. The
default value is set to provide a minimum
(4.7us + 0.3ps of fall time for cases where fall
time is very fast) SCL low time with the internal
oscillator clock running at 26MHz rather than
the nominal 20MHz.

0x42

CRC Force Error

7:2

RSVD

Reserved

Force Back Channel
Error

RW 0

1: This bit introduces multiple errors into Back
channel frame.
0: No effect

Force One Back
Channel Error

RW 0

1: This bit introduces ONLY one error into Back
channel frame. Self clearing bit
0: No effect

0x43 -
0x4C

RESERVED

0x4D

AEQ Test Mode
Select

RSVD

Reserved

AEQ Bypass

RW 0

Bypass AEQ and use set manual EQ value
using register 0x04

5:0

RSVD

Reserved

Ox4E

EQ Value

7:0

AEQ / Manual Eq
Readback

Read back the adaptive and manual
Equalization value
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Table 9. Clock Sources for Forward Channel Frame on the Serializer During Normal Operation

DS90UB913Q 10-BIT 12-BIT 12-BIT
REG 0x14 [2:1] MODE HIGH-FREQUENCY MODE LOW-FREQUENCY MODE
00 50 MHz 37.5 MHz 25 MHz
01 100 MHz 75 MHz 50 MHz
10 50 MHz 37.5 MHz 25 MHz
11 25MHz 18.75 MHz 12.5 MHz

Table 10. BIST Clock Sources

DS90UB914Q 10-BIT 12-BIT 12-BIT
REG 0x24 [2:1] MODE HIGH-FREQUENCY MODE LOW-FREQUENCY MODE
00 PCLK PCLK PCLK
01 100 MHz 75 MHz 50 MHz
10 50 MHz 37.5 MHz 25 MHz
11 25MHz 18.75 MHz 12.5 MHz
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11 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

11.1 Applications Information

The serializer and deserializer support only AC-coupled interconnects through an integrated DC-balanced
decoding scheme. External AC-coupling capacitors must be placed in series in the FPD-Link Ill signal path as

illustrated in Figure 45.
I: Dout+ I: :I Rin+ E
Dout- I I RIN-

Figure 45. AC-Coupled Connection

For high-speed FPD-Link Ill transmissions, the smallest available package should be used for the AC-coupling
capacitor. This will help minimize degradation of signal quality due to package parasitics. The 1/Os require a
100-nF AC-coupling capacitors to the line.

11.2 Typical Application
DS90UB913Q DS90UB914Q

Serializer Deserializer
-------------- FPD-Link Il

100r12 DOUT+  emm—- N+ RoUTEL0] 10 0r 12
Image DATA g:m{é,l(;]o] or : : or DATA
Sensor HSYNC HSYNC, ' i } R?_g([gg] HSYNG
VSYNC DOUT- «———— RIN- VSYNC
_VSYNC PCLK QJ Bi-Directional m PCLK VSYNC
Pixel Clock Control Channel pixel Clock ECU Module

vy vy vYyYyYy
vy vyvVvy y

4 . .
< 7+ GPO[3:0] GPIO[3:0] |« i’ > H
GPO[3:0 - .

B 30 _ GO0 |3 Microcontroller 4

< »| spa SDA |« »| H

SDA SDA : :

. . - -
Camera Unit o 7| st SCL s Y eecccccccaaaad

Figure 46. Application Block Diagram

11.2.1 Design Requirements

11.2.1.1 Transmission Media

The DS90UB91xQ-Q1 chipset is intended to be used in a point-to-point configuration through a shielded twisted
pair cable. The serializer and deserializer provide internal termination to minimize impedance discontinuities. The
interconnect (cable and connectors) should have a differential impedance of 100 Q. The maximum length of
cable that can be used is dependent on the quality of the cable (gauge, impedance), connector, board
(discontinuities, power plane), the electrical environment (for example, power stability, ground noise, input clock
jitter, PCLK frequency, and so forth). The resulting signal quality at the receiving end of the transmission media
may be assessed by monitoring the differential eye opening of the serial data stream. A differential probe should
be used to measure across the termination resistor at the CMLOUTP/N pins. Figure 20 illustrates the minimum
eye width and eye height that is necessary for bit error free operation.
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Typical Application (continued)
11.2.1.2 Adaptive Equalizer — Loss Compensation

The adaptive equalizer is designed to compensate for signal degradation due to the differential insertion loss of
the interconnect components. There are limits to the amount of loss that can be compensated — these limits are
defined by the gain curve of the equalizer. In addition, there is an inherent tolerance for loss defined by the delta
between the minimum VDO of the serializer and the input threshold (Vswing) of the deserializer. In order to
determine the maximum cable reach, other factors that affect signal integrity such as jitter, skew, ISI, crosstalk,
and so forth, need to be taken into consideration. Figure 49 illustrates the maximum allowable interconnect loss
with the adaptive equalizer at its maximum gain setting (914 equalizer gain).

11.2.2 Detailed Design Procedure
Figure 47 shows the typical connection of a DS90UB913Q-Q1 serializer.

VDDIO DS90UB913Q (SER) 18V
VDDIO VDDT
c3 cs C4== ==C9 ==C13
$_$ 18v
»| DINO VDDPLL i — I ]
—>] DINL cs==cio== =Lci4
——p] DIN2 TC FBL v
| DIN3 Avd :I_
—P»] DIN4 VDDCML ! ]
—P| DINS C6=FCl1==C15=F FB2
—p] DING 1.8V
< ——p{ DIN7 VDDD Y o
—P{ DIN8 PP 4
—p{ DIN9
LVCMOS ———p1 DIN10
Parallel —p DIN11
Bus ———p] HS
—p| vs c1 )
T N— | ek DOUT* I Egrtl)a:_ink i
11 -
bouT- U Interface
10 kQ c2
MODE
1.8V
RID
10 kQ
LVCMOS ID[X]
Control
Interface C »| PDB RID
4——— GPO[0]
CoGnE'(())I 44— GPO[1] NOTE:
Interface +—— GPO[2) C1-C2=0.1pF (50 WV)
44— GPO[3] C3-C7=0.01pF
VDDIO C8-C12=0.1pF
C13-C14=4.7 pF
C15=22 uF
RPU RPU C16 - C17 = >100 pF
h h RPU = 1 kQ to 4.7 kQ
12C <+ ) »|scL RID (see ID[x] Resistor Value Table)
Bus< FB3 RES FB1 - FB4: Impedance = 1 kQ (@ 100 MHz)
Interface < I' |I » | spa DAP (GND) % low DC resistance (<1Q)
FB4 ==Cl6 ==C17 The "Optional" components shown are
Optional i, < provisions to provide higher system noise
Optional immunity and will therefore result in higher
performance.

Figure 47. DS90UB913Q-Q1 Typical Connection Diagram — Pin Control
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Typical Application (continued)
Figure 48 shows a typical connection of the DS90UB914Q-Q1 deserializer.

DS90UB914Q (Des)

1.8V VDDIO
I 9 VvDDD VDDIO1 | !
c3z= ==cit Lcs ci6= ==cis
. I L
v v
VDDR VDDIO?2 |—¢
C4== =C12 icg
v
VDDSSCG VDDIO3 [—¢-
C5== ==C13 c10
1.8V l
T v v
— - a ROUTO p——————p- "
® VDDPLL
'T' c6==Cl4== ==cC17 RSV p——
Lav I r 3 ROUT2 f———P
T < ROUT3 f———p
ROUT4 f—Pp
— o
—— h A 5 VDDCML ROUTS p—o--—p
FB2 T T ROUT6 oo LVEMOS
< ROUT? I > Parallel
c1 ROUTS > Outputs
1l ROUTY f——-p
. :: RIN1+ ROUT10 f———p
S_enal it RIN1- ROUT11 p——p
FPD-Link Il c2 Hs >
Interface 4:— RINO+
cL Vs p———mm»
it RINO- PCLK p—————p__J
c2
1.8V 4+—p| GPIO[0] LOCK p—p 1.8V
<4+—»| GPIO[1] PASS —p
<+—P| GPIO[2]
10 kQ < » crio 10 kQ
MODE 1DX[0]
RMODE | PDB RIDO
——P| SEL
———— P| OEN 18V
—— | 0SS_SEL
—— P BISTEN
VDDIO 10 kQ
IDX[1]
RPU RPU
< < RID1
12C < .' ,' »|scL
BUSC FB3
L i NOTE:
Interface 1 1 > spa C1-C2=0.1 uF (50 WV)
FB4 L0 =£co1 C3-C10=0.01 uF
Optional Cl11-C16=0.1 pF
v v C17-C18=4.7 uF
Optional C19 =22 uF
RES_PIN43 €20 - C21 = >100 pF
DAP (GND) RPU =1 kQt0 4.7 kQ
RID (see ID[X] Resistor Value Table)
FB1 - FB4: Impedance = 1 kQ (@ 100 MHz)

low DC resistance (<1Q)

The "Optional" components shown are
provisions to provide higher system noise
immunity and will therefore result in higher
performance.

Figure 48. DS90UB914Q-Q1 Typical Connection Diagram — Pin Control
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Typical Application (continued)
11.2.3 Application Curve

25
20
o
k=2
£ 15
= ) .
) / = 914 Equalizer Gain (dB)
Lu .
= / ——— VOD-Vswing Loss
5 10
[®] 7
E Allowable Interconnect
. Loss
5
0

100 200 300 400 500 600 700
SERIAL LINE FREQUENCY (MHz)

Figure 49. Adaptive Equalizer — Interconnect Loss Compensation
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12 Power Supply Recommendations

This device is designed to operate from an input core voltage supply of 1.8 V. Some devices provide separate
power and ground terminals for different portions of the circuit. This is done to isolate switching noise effects
between different sections of the circuit. Separate planes on the PCB are typically not required. Terminal
description tables typically provide guidance on which circuit blocks are connected to which power terminal pairs.
In some cases, an external filter may be used to provide clean power to sensitive circuits such as PLLs.

13 Layout

13.1 Layout Guidelines

Printed-circuit-board layout and stack-up for the serializer and deserializer devices should be designed to provide
low-noise power feed to the device. Good layout practice will also separate high frequency or high-level inputs
and outputs to minimize unwanted stray noise pickup, feedback and interference. Power system performance
may be greatly improved by using thin dielectrics (2 to 4 mils) for power/ground sandwiches. This arrangement
provides plane capacitance for the PCB power system with low-inductance parasitics, which has proven
especially effective at high frequencies, and makes the value and placement of external bypass capacitors less
critical. External bypass capacitors should include both RF ceramic and tantalum electrolytic types. RF capacitors
may use values in the range of 0.01 puF to 0.1 pyF. Tantalum capacitors may be in the 2.2-uF to 10-uF range.
Voltage rating of the tantalum capacitors should be at least 5x the power supply voltage being used.

Surface mount capacitors are recommended due to their smaller parasitics. When using multiple capacitors per
supply pin, locate the smaller value closer to the pin. A large bulk capacitor is recommend at the point of power
entry. This is typically in the 50-uF to 100-pF range and will smooth low frequency switching noise. It is
recommended to connect power and ground pins directly to the power and ground planes with bypass capacitors
connected to the plane with a via on both ends of the capacitor. Connecting power or ground pins to an external
bypass capacitor will increase the inductance of the path.

A small body size X7R chip capacitor, such as 0603, is recommended for external bypass. Its small body size
reduces the parasitic inductance of the capacitor. The user must pay attention to the resonance frequency of
these external bypass capacitors, usually in the range of 20 to 30 MHz. To provide effective bypassing, multiple
capacitors are often used to achieve low impedance between the supply rails over the frequency of interest. At
high frequency, it is also a common practice to use two vias from power and ground pins to the planes, reducing
the impedance at high frequency.

Some devices provide separate power for different portions of the circuit. This is done to isolate switching noise
effects between different sections of the circuit. Separate planes on the PCB are typically not required. Pin
description tables typically provide guidance on which circuit blocks are connected to which power pin pairs. In
some cases, an external filter many be used to provide clean power to sensitive circuits such as PLLs.

Use at least a four-layer board with a power and ground plane. Locate LVCMOS signals away from the
differential lines to prevent coupling from the LVCMOS lines to the differential lines. Closely-coupled differential
lines of 100 Q are typically recommended for differential interconnect. The closely coupled lines help to ensure
that coupled noise will appear as common-mode and thus is rejected by the receivers. The tightly coupled lines
will also radiate less.

Information on the WQFN style package is provided in Texas Instruments' Application Note: AN-1187
(SNOA401).
See AN-1108 (SNLAO08) and AN-905 (SNLAO035) for full details.
e Use 100-Q coupled differential pairs
e Usethe S, 2S, and 3S rule in spacings
— S = space between the pair
— 2S = space between pairs
— 3S = space to LVCMOS signal
* Minimize the number of Vias
» Use differential connectors when operating above 500Mbps line speed
* Maintain balance of the traces
* Minimize skew within the pair
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Layout Guidelines (continued)

Additional general guidance can be found in the LVDS Owner’s Manual - available in PDF format from the Texas
Instrument web site at: www.ti.com/Ivds

13.2 Layout Example

Stencil parameters such as aperture area ratio and the fabrication process have a significant impact on paste
deposition. Inspection of the stencil prior to placement of the WQFN package is highly recommended to improve
board assembly yields. If the via and aperture openings are not carefully monitored, the solder may flow
unevenly through the DAP. Stencil parameters for aperture opening and via locations are shown in Figure 50.

Figure 50. No Pullback WQFN, Single Row Reference Diagram

<4— A

Stencil Opening

-

i

‘4— 0.2 mm

Figure 50 and Figure 51 PCB layout examples are derived from the layout design of the DS90UB913Q-Q1
Serializer and DS90UB914Q-Q1 Deserializer Evaluation Kit (SNLU110). These graphics and additional layout
description are used to demonstrate both proper routing and proper solder techniques when designing in the

serializer and deserializer.

Table 11. No Pullback WQFN Stencil Aperture Summary for DS90UB9130Q-Q1 and DS90UB914Q-Q1

GAP
BN PCB IO PAD | PCB PCB DAP | STENCIL I/O STSX‘S'L NUM[?EF'? OF | BETWEEN
DEVICE coiNr | MKT DWG SIZE PITCH SIZE APERTURE | , DAF | DAR DAP
(mm) (mm) (mm) (mm) (mm) OPENINGS APERTURE
(Dim A mm)
DS90UB913Q-Q1 32 RTV 0.25 x 0.6 05 31x3.1 0.25x0.7 14x14 4 0.2
DS90UB914Q-Q1 48 RHS 0.25x 0.6 05 51x5.1 0.25 x 0.7 11x11 16 0.2
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Figure 51. 48-Pin WQFN Stencil Example of Via and Opening Placement
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14 Device and Documentation Support

14.1 Documentation Support

14.1.1 Related Documentation

For related documentation, see the following:

» Absolute Maximum Ratings for Soldering, SNOA549

* AN-1187 Leadless Leadframe Package (LLP), SNOA401

* AN-1108 Channel-Link PCB and Interconnect Design-In Guidelines, SNLA0O8

» Transmission Line RAPIDESIGNER Operation and Applications Guide, SNLA035

+ DS90UB913Q-Q1 Serializer and DS90UB914Q-Q1 Deserializer Evaluation Kit, SNLU110

14.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 12. Related Links

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
DS90UB913Q-Q1 Click here Click here Click here Click here Click here
DS90UB914Q-Q1 Click here Click here Click here Click here Click here

14.3 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

14.4 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

14.5 Electrostatic Discharge Caution

‘ These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘%'\ during storage or handling to prevent electrostatic damage to the MOS gates.

14.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

15 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ ® ® @/5)

DS90UB913QSQ/NOPB ACTIVE WQFN RTV 32 1000 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 105 UB913SQ Samples
& no Sh/Br) =

DS90UB913QSQE/NOPB ACTIVE WQFN RTV 32 250 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 105 UB913SQ Samples
& no Sh/Br) =

DS90UB913QSQX/NOPB ACTIVE WQFN RTV 32 4500  Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 105 UB913SQ Samples
& no Sh/Br)

DS90UB914QSQ/NOPB ACTIVE WQFN RHS 48 1000  Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 105 UB914QSQ o
& no Sh/Br)

DS90UB914QSQE/NOPB ACTIVE WQFN RHS 48 250 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 105 UB914QSQ Eamnles
& no Sb/Br) L

DS90UB914QSQX/NOPB ACTIVE WQFN RHS 48 2500 Green (RoHS CU SN Level-3-260C-168 HR ~ -40 to 105 UB914QSQ Samples
& no Sh/Br) =

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sh/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.
TBD: The Pb-Free/Green conversion plan has not been defined.
Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between

the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight

in homogeneous material)

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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© | ead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

Important Information and Disclaimer: The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O OO O O O 0778procket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
DS90UB913QSQ/NOPB | WQFN RTV 32 1000 178.0 12.4 5.3 5.3 1.3 8.0 12.0 Q1
DS90UB913QSQE/NOPB| WQFN RTV 32 250 178.0 12.4 5.3 5.3 1.3 8.0 12.0 Q1
DS90UB913QSQX/NOPB| WQFN RTV 32 4500 330.0 12.4 5.3 53 1.3 8.0 12.0 Q1
DS90UB914QSQ/NOPB | WQFN RHS 48 1000 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
DS90UB914QSQE/NOPB| WQFN RHS 48 250 178.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
DS90UB914QSQX/NOPB| WQFN RHS 48 2500 330.0 16.4 7.3 7.3 1.3 12.0 | 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,/”?/
4
// S
/\g\‘ /}#\
. 7
- //' "\.\ 7
Tu e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
DS90UB913QSQ/NOPB WQFN RTV 32 1000 210.0 185.0 35.0
DS90UB913QSQE/NOPB WQFN RTV 32 250 210.0 185.0 35.0
DS90UB913QSQX/NOPB WQFN RTV 32 4500 367.0 367.0 35.0
DS90UB914QSQ/NOPB WQFN RHS 48 1000 367.0 367.0 38.0
DS90UB914QSQE/NOPB WQFN RHS 48 250 210.0 185.0 35.0
DS90UB914QSQX/NOPB WQFN RHS 48 2500 367.0 367.0 38.0
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RTVO032A

PACKAGE OUTLINE
WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

B

PIN 1 INDEX AREA—|

5.15
4.85

THERMALPAD N\ 9| K |16 -
HpAgEpnijapaRERi
-— -2y | Y
1 i ]
1 | ]
SYMM [ ] | 33 ]
35] e—F-— —-— = L 1  [QOzito1l
] | ]
N 1 i ]
28X 7} ‘ - '
T I | ] -
nomonnoy T ¢
PIN 11D 32 ! ﬂ 0.18@
01@ [c[A]B
32X 83 —-— & 0.0504)

(0.1) TYP

4224386/B 04/2019

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.

i
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EXAMPLE BOARD LAYOUT

WQFN - 0.8 mm max height
PLASTIC QUAD FLATPACK - NO LEAD

RTVO032A

(3.1)

SYMM
¢
SEE SOLDER MASK

e L A AL

32X (0.24)

=)
(LE C;j
=

@0.2) TYP
VIA

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN

SCALE: 15X
0.07 MIN
0.07 MAX
ALL 297 MAX ﬁ r ALL AROUND T
Pstaln METAL UNDER
METAL EDGE | \:/SOLDER MASK
|
| |
|
EXPOSED METAL ™\_soLDER MASK EXPOSED—/ T SOLDER MASK
OPENING METAL | ) OPENING
NON SOLDER MASK
DEFINED SOLDER MASK DEFINED
(PREFERRED)
SOLDER MASK DETAILS
4224386/B_04/2019

NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.

{
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EXAMPLE STENCIL DESIGN
RTVO032A WQFN - 0.8 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

(0 775) TYP

ﬂﬂ Ju EH} Bl

|
32X(024) 1]
|

-—

—-

28X (0.5)

- e

o e [ )| oo

SYMMQ:EA
(R0.05) TYP

—+
s
8 @

i

i

i

SERER NG SR

e 4X (1.35) —=

SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

EXPOSED PAD 33
76% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

4224386/B 04/2019

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for TI products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2019, Texas Instruments Incorporated



Looking for pricing, stock, or lifecycle information?

Click below to explore more details on WIN SOURCE:

O View DS90UB913QSQE/NOPH on WIN SOURCE

@ |! exas Instrument§ Information

Optimize Your Supply Chain with WIN SOURCE Solutions

Global Sourcing Solution
Obsolete Management
Cost Control Management
Shortage Management
Alternative Solution

Excess Inventory Management


https://www.win-source.net/products/detail/texas-instruments/ds90ub913qsqe-nopb.html
https://www.win-source.net/manufacturer/texas-instruments

